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Study on research trend and keyword of CCUS (Carbon Capture, Utilization & Storage)
technology through national R&D projects
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ABSTRACT

Climate change warns us of the climate crisis. Various research and technology developments related to CCUS are
underway, and large-scale CCUS(carbon capture, utilization & storage) projects are being conducted with major countries such
as the United States, Europe, and China. In the current status of CCUS projects carried out by major countries, but there
are no large-scale projects related to CCUS in Korea, and a variety of individual studies on CCUS are being conducted, but
there is still a lack of research on technology trends across the country. Therefore, in this study, by analyzing the status of
CCUS-related national R&D(Research and Development) projects conducted over the past decade, we identified the proportion
of research funds and technology trends through a number of information registered in individual research projects. In addition,
domestic technological innovation cases, carbon neutrality policies and related laws, and social acceptance efforts were also
reviewed. This study aims to support the effective achievement of national R&D goals by presenting the need for research
funding management at each research stage and stakeholder cooperation. In the future, we expected it will be used as research
materials for commercialization and pilot projects of CCUS technologies and strengthening the national governance model

related to CCUS technology in Korea.
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o AR e 7]1FHeK(Climate change)= 71897
2015d o gL HEE  Solv|sHsiE ek (Climate crisis)S go] 7| &A% (Climate disaster)2] £F

(UNFCCC, United Nations Framework Convention on
Climate Change)oflAl= 7] ™S} w7t FHF IF o4
(IPCC, Intergovernmental Panel on Climate Change)2]
2018 EHHIA O A2 2GS Adst o] &
= ¥l 1.5CE 9A ¥EF ot FHE G, A A
TA 07 o]AslEtA ¢ H|ETF A|Z(Net zero emission)

o5 QoA Farsty X233 Global Warming) Al
= E%al A77F £+ Al (Era of global boiling)7} &=
AT UNAFEEA2 20231 79 A% H} QIck(The
Guardian, 2023).
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Project Status

Country (1E)2 Operational Planned Suspended/c.. Under constr..
United States [N =0 260 4 9
United Kingdom 92
Canada M 8 62 a
Australia & Global Join | 1 31 4
Norway | 2 30 2
France & Global Join 25 1
Japan & Global Join | 1 24
Germany & Global Join 22 1
Denmark 22 2
Indonesia 19
Sweden 18
Netherlands & Global J.. | 2 14 8
China M 10 14 3
Belgium & Global Join | 1 14
Greece 8
Russia 7
United Arab Emirates | 1 6 2
Italy & Global Join 6
Iceland | 1 6 1
Poland & Global Join 5
Finland 5
Croatia 5
South Korea 4
Saudi Arabia | 1 2
Fig. 1. Projects status for CCUS in the world
(IEA, 2024)

Project type

Country (1&) 1| Capture | Storage Fullchain| T&5 [Transport| CCU

United States 1. [ 130 72 s> I s 8 6
United Kingdom [l 58 10 |3 I 4 5 2
Canada 30 22 17 M- 2 [
Norway | 14 |2 | 13 3 4
Sweden | 12 2 4
Denmark | 11 & B 3 1
Japan & Global Join | 10 | 2 I 11 z
Netherlands & Globa.. |3 |1 I3 3 3
France & Global Join |3 Iz 10 5
Australia & Global Jo.. |3 s 17 I 4
Germany & Global Jo.. | 8 3 6
Belgium & Global Join |7 7 1
Greece |& |H
Italy & Global Join 4 |1 1
China 4 | BL] Iz 2
Ireland 2
Croatia 3 |1
United Arab Emirates 2 Is |1
Swizterland 2
South Korea 2 |1 |1
Saudi Arabia 2 |1 |1
Fig. 2. Project type for CCUS in the world (IEA,
2024)
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o}, o]=3} =, Ayt S|4 Capture (CO, 3 A-2) Table 1. CCUS technologies classified by IEA
S99 ZRAEE FLolal Qlal, Storage(EORE %3

olt

H Class Name TRL
22l o w3}
S CO, AR A8)°t T&S (CO, 5 5 7‘174 3, Boilers with CCUS
CCU(BAAARE A Qlstal COoll Higt 471 H&s] 4 Calcium looping 7
Hy I2AE) RFPEL dE, yddcs, ”%’f/\, 3F, CCUS (smelting) 7
= 54 2AEE o ZAET} thr ERIFHY CCUS using post-combustion capture 34
r)r Full chain (3 1-?_]5.] ;q z]—/\]/k—ly].;q —5]_14.9] o E;ﬂ] E (process heater)
q EO]')«] ZA©. u|zo] olo] oA TRAES} 23 Chemical absorption (ammonia) 11
Zo] Ao& YRt} o] & s =23} ulsl madE Chemical absorption (DRI) 9
EES ]_ Eﬂ e .ﬂ]o] —4 Full-Scale TEAED A% 37] Chemical absorption (full capture rates) 7
__ Chemical absorption (high value chemicals) 7
o g4 XY WHLE o2 5 4 Itk : _
Chemical absorption (methanol) 9

% BEASE Y BeE Aot cous 7

Chemical absorption, partial capture rates

E"] A]o;] 7]——A<j X]'é":l— og:&}/;l?] —’ 63:%6:‘ (less than 20%) 8
O/\]'O]' ‘U'E-X“Eo" 1’4] s 7 -‘4’ i]——l——x]'i—‘ o'l'rée]' e A Chemical looping combustion (coal) 4-5
THLiu et al., 2024). YE9] AL 500& o]A9] CO,E 3] CO, sequestration in inert carbonate materials
9
S5t AEAGE AL YT, ol YR Ao Fu (mincralisaton)
of segsc] A 7Ksd Fuoln E3t H71% 4 Cryogenic captue
AN Bt oltsikas B8 vlEhe T4 Cryogenic capture (ammonia ’
= . Direct ti 6-7
£ 710 ot 45A9E AW ArkKim, 2022). Cwd DAC (LDAG) ;
_ o = iqui -
229 CCUS Z2AEM U dAj2 ofF] gt :
Membrane separation 4

422 ey gtk S A9 A i 47

Novel physical adsorption

o] ZRHEY} AYHEQRT o] Capture?} Full chain, (silica or organic-based) 6
= - Capture
T&S ‘loTcé—Q—i Q'—QJE]T% :’—‘:q ‘1":%]:’_}7%]"] T’H‘I:{'E iz P Oxy-fuelling 6
AE7} BAG, ol2g HEL I coUs AFAY 2 Oxy-fuelling (coal) 7
I A =L Y5t 958 9= ZVIR&D AFY-THA| Oxy-fuelling carbon capture (cracking) 5
9] _QJ—]:H 9} oqq_u] % a ki —_—[‘Lxﬂ—aéa o %3]] -5—H7é Physical absorption (ammonia) 9
Q(ﬂOF s} J}Zﬂ ]q Physical absorption (high value chemicals) 7
Physical absorption (methanol) 7
Physical adsorption (ammonia) 5
3. 7I1E g¢ : :
Physical adsorption (DRI) 5
Physical adsorption (methanol) 8
3.1. %El:él CCus 7 I% ﬁ%} Post-combustion carbon capture (cracking) 3-4
~ B Post-combustion: chemical absorption (biomass 6.7
2A7MA T BE 24E Yol st CCUS 7)ol with CCUS) -
Z7gltt. IEA ETP Clean Energy Technology Guide Post-combustion: chemical absorption %9
(IEA, 2023)9]| A= Net-zero @40 7]9]3}= 5500971 7] (coal with CCUS)
=4 1 o AP & BH= Post-combustion: chemical absorpti
JH 7} IF g]—QI:]- g HEHE= CCUS 7]& &% ost-combus 10.r1 chemical absorption o
TRL AE, AE7|&S B85 =9 27| a8l 947 (natural gas with CCUS)
2o 5t AR 9__‘]_?1031_ 2 ot Fg 7]&AE = COo, E’osticomzuztl((:)n:s)membranes polymeric p
coal wit U
e B E(CO, management)T} A A 7]<%(Cross-cutting - : -
_ Pre-combustion: physical absorption
theme) Y CCUS HoFE XHs|o] Table 13} Zo] CCUS (biomass with CCUS) 3
7]%_‘ 5= :le]é]—i M—}\ﬂﬂié EMB—]—@E} Pre-combustion: physical absorption 7
3 BEoA= 3ty 45 &3 7led FEAY (coal with CCUS)

http://www.jccr.re.kr



1102

Table 1. CCUS technologies classified by IEA
(Continued)

Class Name TRL

Primary smelting with CCUS 3
Solid DAC (S-DAC) 7

Capture | Supercritical CO, cycle (coal with CCUS) 5-6
Supercritical CO, cycle i
(natural gas with CCUS)
Advanced monitoring technologies 7-8
CO,-Enhanced oil recovery 11

Storage Depleted oil and gas reservoir 7-8
Dissolved CO; injections 5
Saline formation 9
Supercritical CO, injections 3
Biological CO, methanation 7
Chemical absorption - Process gas hydrogen
enrichment and CO, removal for use or 5
storage (blast furnace)
CO, and H,O co-electrolysis 6
CO, reduction 6
Concentrating solar fuels 4

Utilization | Conversion of steel offgases to chemicals ;
(blast furnace)
Conversion of steel offgases to fuel g
(blast furnace)
Direct CO;, to dimethyl ether 3
Electrolyser-based process for decarbonating
calcium carbonate prior to clinker production| 3
in the kiln

Transfort Pipeline 10
Shipping 6-7

Source: Arranged by author based on IEA (IEA, 2023)

o COE HAIA Ask= 7« 5ol TRLO| &1L, A
Z REOAE R34S F(EOR: Enhanced Oil

Recovery) 7147} 48] Q8% A7]% So| Amsol

gom, B BRAAL ARG BABHNA W}
L EtAE PR AL 714 Sol HEE

PFE 02 ekt

3.2. =71l CCUS 7|& &

oL°£

CCUSE B4 &4AAAH(CCS: Carbon Capture and
Storage .+ Carbon Capture and Sequestration) 7]&3}
4 x 3] 9 g-8(CCU: Carbon Capture & Utilization) 7]
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Table 2. Socio—political challenges of CCUS

Class Details

Establish clear regulations to standardize the

application of CCUS technology (including

Policy and .
. approval procedures, environmental standards, etc.)
regulation . X o
. Activate corporate investment motivation through
improvement . .
economic support such as tax policies and
financial incentives
- Establish effective communication channels with
Social local residents (communication on the safety and
acceptance environmental impact of CCUS technology)

- Design fair compensation mechanisms

Support the establishment of integrated standards
International |and regulations for borderless climate change
cooperation | response

and Reduce CCUS project costs and strengthen
governance | execution capabilities through sharing experiences

and technologies on leading technologies

Source: Arranged by author based on (Liu et al., 2024)

HE 20307129 Adrd 2A7MA HEERE A AlSH
Act.

ghH, ccus Ty 9 149 "3t RS ST
9] A&A - dA7Fs/do] EolAl= BAlol =Rl ARE
THA, AR 5ol Bt FAE 7R D A23s o
Aol g d FAS 7143 T S Qe 7Ido] "ot
(Kim, 2022). ot2}A CCUSE g =W TR 3+,
ojAbgtErA] &4 XY W AF A E= CCU 7|&
Nt ArAstol " Qs A FIHoZ 185 9
oY 2024 29, olAkaleta A &S A5l o]
W olalsterAl] By - £F - A G I 23T T
of tigt HoE BEo] st Jom, ojitsters EYA
Aol 4] 37}, FEAAY 59, S B AYATA
A A 391, " 5ol Tet AGS FAsHT o]
L olAbshEls TE E4|, CCU 7]& 2 A= st A=
A=E =9 283 ASAAY At EFAZE =Y
St FollAl 9JnE 7FtH(Jin and Yun, 2024). O]+
CCUS 7|& T Ald 9 4 Ao &gt 4 &
CCUS At} 4 9 7|&841S §igt J27 7)6k 7gslel

2) BAFY 7184 FAHE - 10 BATE A P, FRAUA7EATY, 20219 9
3) AR 7RSS 7T 7 EA (2332 B BEAR, BPILREAR, 20224 129
4) ST AR Ao AT8) HAFY/LERANT AR (REAR), IS REAY, 20239 5%

5) AN =7t daFY - 4 71EAE(2342) B HedR

 SAFYRAYAUS], 20239 39
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A-(Seo et al., 2022)° A= 1 CCUS 419 49 o]
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al., 2020)914= S471% ey} " AREA7E &
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3.4. I7HAE7E X|APHEMEIA(NTIS)

715t hewt 2 %7t Agke W& Hopel 7
V98 9 HEE B FR&D AAA % AT oAt
o] 4ggr}. CCUS 7% B ATAYL @S 7}
R&D At 9 HAPEE &5 wofd 4= Sl

NTISAH] A (www.ntis.go.kry= 177] £4 - H1770 of
REAZ71HHO] =7IR&D HE (A, 99, A4 - AH], 4
3} 518 5% AlAsHE A7 H29 ReDRR A4
go|th. NTISAB|AE F7IR&D AR £HA4S Zd3lst
T §Ab B8 IASY A 2 §F - B8 TERE
= &9 R&D FAREE 7Folelalon, A74 1 55
A7 54 9 A7 8 B AL o) AP

Aysh= 5 2719 ATE GASHATHKISTIL, 2015).

NTISAH| AL 4377] HHEFEOZ o|Rolx v}
R&D HHEA ALY - 74 L Hagust 7w @ a7
AYE 55 & Aot o

Fig. 30 4Q} o] 2024 11¥ 7|&0& Z7IR&D AF
FAHEE 179, AFTAGE 112390, =7FA 5171
A E 75129, AFAYE 82490, 7T

ZBAR 4974 5L A|Tsle] HEA Bl g EAEY]

oM dozsh= S7IAE R AF Y, 75T
4 5= AY¥skaL Atk
NTlS FIIRSDAMIEIL  DHHIEC- 22 ST A2 fuly e HIOIEIRE R&DE21A OPEN R&D

NTISATH

NTSHR  HIEDE RS SNMA S MHA SO 2022 NTSEl

NTIS DATA  1,216.7% 21 mus iz wscrees

27IR&DHE
952,43t

27IR&DAIY 27IR&D2AX Azt
178 112.3%h 751.28k

anxt St ETC
82.4%ta 4,98t 264.20k

Fig. 3. NTIS Service (NTIS, 2024)
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TSt NTIS 6.0 AHESFAZFAZ(ISP: Information
Strategy Planning)o]l w2t = F8 &to] gk =7}
R&D AlFEZY ¥ 5% 52 AEE FH= AT
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A AgEE At
A

Z HATHY 4%
3Feh, AJHE, CCUS, 43+, 784 dE83+
2187 AF5At #oko] tis =7IR&D AFAHEE A5
th. ©] & CCUS HoF= Fig. 40049} Zo] A, A
N dAE, A7y FAE AFHer 8 AR
5 AFES} BYHE EYotal Y AR dlojEE T
25 @ £ Qoh

CCUS ¥ FAl7|ed d+tE Z2AEQ] 4PH
4, 193 gadeE FAG MY & TFE F= A2
tlojguo]A0] &S B V| E FRolth o7
= MEeA9] 7leREH 494 &8ol 7Hsdt 71&0 o]
27174 et dA9 A FE7F EAsta, ofzgt
JEFF= F2 TRLY R&D Z2AEO| tigf] 722l
EZ ZolE o]Eo] W 4 e TEZHol|1 o|2H &
o} X #E7F E 4 Uch(Dziejarski et al., 2023). =
CCUS YA gst HE9] s SHAZ o 7|&of of
St 27F ANAEI} A& A - 7o 3 E SakE &
UEE NTIS AH|A7ZF B& S a AT 5 9lojof

3t

7) F7IR&D FAGANARE B3 F=o] XHEo] 9T, AT

AU 5 A5

1105

MY

4. 84

LA Fig. 1 289 CCUS ZRAE oA CCUS
2FEAY S Z2AEZE BAgE AR gRlE %ol
T =Y CCUs #A A= AR 7le E= 8 Ve
of gt oheFet A7 =0 2 BHH, CCS AT
4 CCU 4832 olojd 4= Q= AdARQ =24 E 9
T Al 500 B F7IR&D HA|4=3g0] A| gz ot

£ AFoAE CCUS £ofol gt A+dgt 7|« E
de 243 98] F7IR&D JAFEE 8ot
CCUS £opof| sig== F7IR&D A 9] 182 ‘Tas
d 7ley4l 4= 7fte g Sy cCus AF 9 7]
/NS FEotal = fH7Ee] A4 EFE +Hot
At} o3t HlolEE 10719 AIA

gYotal A
E3)| CCUS 7|&

AU %

4

£ Aol = F7IR&D Ao 554 vt A7

S &8st B4 FAPGS FYPoAr, Ax L
NTIS R&DTAB AH| A0 A A FEE CCUS £of9] =7}
R&D FAHRE he2 =350 gttt BAYAL o
OJE& 2014~2023 0] =35 3307]9] AFAAZH, &
TE AR FJE F AFIATE £9E 7Edret A
v, AN &, AFA 4, GE71¥EE &8st
Aot 71¥ES] AE AFTAF 571 A To7F &
JENE o] UL, ol T A+ AFA dfFot= 2
ulE 7k 9l

A7 L5 A4St o] =& div] 1.5CE A
k= IPCC EEEIAZE THE 20182 ©42FH
2050 ZHO|A F23F 7]-o]7] wiol 2018W-E 7|E2
2 Auly] 542014 ~2018W)7} FHk7] 513(2019 ~ 2023
)0l sFEE AFHAE £S5 olF B3l CCUS
Eof Z7IR&D IAE AR AN JZ4E vS
AT DAE 71¥EE B3l CCUS AR 7|&o] digt
& 10dzke] EFEE B9t

FA7F NTISAu| A0 AH =gt
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4.2.

A 2t
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= 2T 1037 g3 #d Ve AgE - =
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s
A A AR A% Zo] A=l
2ke} Table 32 L 10¥7F 2] CCUS Hofo] 27}
R&D AF+3HA| @fo|al, FAH= wUzkAue HH
EAATRE 9] gHAlo|t} 2014d0]= 28719 HAQF A
TH] 3389 Y FEE AFIAZE $FE ¥, 202349
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ﬂ re
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=

T

=

)

=
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Table 3. Overview of national R&D research projects

Total national R&D CCUS area
Total Total
funds | Number funds
Year | Number
. (hundred of (%) | (hundred | (%)
of Project . . .
million | Project million
won) won)
2023 | 71,804 | 342,321 54 0.08 500 0.15
2022 | 76,052 | 317,684 42 0.06 444 0.14
2021 | 74,745 | 299,703 32 0.04 404 0.13
2020 | 73,501 | 270,246 25 0.03 149 0.05
2019 | 70,327 | 236,316 31 0.04 177 0.07
Sub
366,105 | 1,457,245 184 0.05 1,673 0.11
Total
2018 | 63,697 | 231,001 25 0.04 199 0.09
2017 | 61,280 | 227,144 33 0.05 219 0.10
2016 | 54,827 | 224,285 34 0.06 213 0.09
2015 | 54,433 | 230,384 26 0.05 277 0.12
2014 | 53,493 | 211,559 28 0.05 338 0.16
Sub
287,730 | 1,124,372 146 0.05 1,246 0.11
Total

Table 4. Amount of gov. funds on CCUS research
project

o
e

= 54719 AFgAet SAH] 5009 FRE AT}
A7F P = et

mid =7IR&D AA dj¥] cCUs AFAA Y Aee
0.03% ~0.08% FELZ H]Fo] A& Wol1, FATH &
0.05% ~0.16% 43202 AJLTA7} S8= 1 9}

Table 44 = A7 A FJERERALE] %
= UEIL Qlth ARE7]o] sigst= 2014 ~20189]
712AF AREAAFH= 2439 Yolx A=
4159 9, S-&AF7F 3099 Yo AFHAT} $YH
v, Fu7)o) $gsls 2019 ~202339] 7|2 AFoA
£ 4779 Y, ALAT} 6429 Qo2 Any|HT b
stelon, S-&AF= 1589 YOo= HY7|He; S4EQ)
ok o= 2018¢ o]% I ©AaFY FAATS
2 7|xAFet AT F2o] BAE JSEHE AR
gl & ek

S Table 391419] 2023 FAF8]7}F 5009 ¥o]iL
Table 404 Z-2 AE9] HHEEAALH] FA 7L 398
AAS oo, WIZFEAATH 7} 1029 o 371 A4
o] AFIA7E FPEHUZE & 5 ATk

Table 5914= A7 dAE A ASHE HojEoh
ARE7]o) A= 146719] IHA7F =38 ¥Hd, FRE7]of|l A=
184719] AFLIA7} Y= ATt TR 7|2 AT = 99
A, NEAT= 54702 A¥t7| B} 3pA| =7} F7F6kel
1, $&AF= 2570 R MR ET SAEY

Table 69| 4= =7IR&D A2} CCUS £of AF+HA|
£ A7 AAEE FESHIT ol’t AR IHA] A2

Table 5. Number of research stage on CCUS area

Amount of gov. funds on CCUS research project

v (hundred millions of won) Number of research stage on CCUS area
ear Basic Develop. | Applied Sum of Year Basic Develop. | Applied
etc etc Total
research | research | research gov. funds research | research | research

2023 117 198 67 16 398 2023 27 14 10 3 54
2022 75 229 15 29 348 2022 20 17 3 42
2021 156 136 29 7 328 2021 16 11 4 1 32
2020 61 38 18 0 117 2020 16 6 3 - 25
2019 68 41 29 0 138 2019 20 6 5 - 31
Sub Sub

477 642 158 52 1,329 99 54 25 6 184
Total Total
2018 67 60 20 0 147 2018 17 5 3 - 25
2017 43 89 39 0 171 2017 18 8 6 1 33
2016 82 49 18 26 175 2016 22 7 4 1 34
2015 45 78 104 27 254 2015 10 5 10 1 26
2014 6 139 128 1 274 2014 2 11 14 1 28
Sub Sub

243 415 309 54 1,021 69 36 37 4 146
Total Total
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Table 6. Status of R&D research nature class

utor
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Table 7. Trends on keyword of basic research

Total national R&D CCUS area 2014 ~ 2018 2019 ~ 2023
Total avg. Total | avg. No. Freq. Freq.
Research & & © Keyword q Keyword q
Num. | funds | fund | Num. | funds | fund rate rate
nature Year —
of (hundred of (hundred 1 Membrane 9.6% Carbon dioxide 10.9%
class project million project million Carbon dioxide 9.6% Membrane 4.9%
won) won) 3 Absorbent 5.5% | Storage efficiency | 4.3%
Geologic CO
2023|68,182|280,879| 4 43 404 9 4 Flue gas 4.8% gt y 2 4.3%
2022(73,041| 255,067 3 42 444 11 sequestration
2021|70,838 230,297 3 32 404 13 5 Membrane process | 4.1% CO, conversion 4.3%
Research 2020(69,183|210,655| 3 25 149 6 ool
L [2019[@263[ 184060 3 | 31 [ 177 | 6 6 | CO, conversion | 340, | CO2 geological i, o
2018(55,239|176,107 | 3 25 199 8 storage
development |57~ 55201 173.665| 3 32 217 7 7 Micro algae 3.4% Absorbent 2.7%
Transportation
2016|43,584| 159,498 | 4 33 187 6 8 ) P 4 3.4% Optimization 2.7%
2015(42,979|160,305| 4 25 250 10 simulation
2014|42,159]152,029| 4 27 337 12 In tube heat transfer
2023| 1,780 | 36,439 | 20 1 21 21 9 Big data 2.7% coefficient 2.2%
2022| 1,000 | 35,075 | 35 - - - supercritical fluid
2021| 1,495 | 33,792 | 23 - - - Target geologic
20201 1.757 | 33.126 19 _ _ _ 10 f i " 2.7% Thermodynamics 2.2%
> > ormation system
Research 12019] 1,438 | 29,657 | 21 - - - Post combustion Microfluidic
management | 2018 1,757 | 30,318 17 - - - 11 canture 2.7% experiments 2.2%
2017] 2,053 | 26,966 | 13 1 2 | 2 Carbof oot P
2016| 3,749 | 37,735 10 1 26 26 12 2.7% Choke flow 2.2%
2015] 3,598 | 43,808 | 12 1 27 | 27 capture o -
arbon capture an
20141 3,477 | 34,067 10 1 1 1 13 Capillary 2.7% . P 2.2%
2023| 352 | 12,244 | 35 - - - storage
2022 543 15,514 29 _ _ _ 14 Hybrid process 2.7% CO, compressor 2.2%
Purchase & |2021] 793 | 23,446 | 30 - - - 15 | Pilot-scale test bed | 2.7% | Machine learning | 2.2%
maintenance {20201 540 | 14,796 | 27 . . . 16 Inorganic 2.7% Big data 2.2%
2019| 455 | 9,796 22 - - -
;’f ,r;’s.eam; 2018] 546 | 11,959 | 22 | - - 17 | Surface modification| 2.7% ccs 2.2%
acilities
_ 2017| 577 | 14,646 | 25 - - - 18 CCS 2.7% Bioenergy 2.2%
equipment 2016| 456 | 13,957 | 31 - - -
2015] 428 | 12.559 29 N } N 19 [ Membrane contactor | 2.7% Fracture flow 2.2%
2014| 229 | 11,959 | 52 - - -

ATANLS), AT, AFAA - ] FF L {FA]E]10
2 U 7et] sigE s A7 A= AQdstart
AFACE B A/ FAo siFE= AFTHA
o] 4L 20234 =Z7IR&D AAQ] HAFE 68,1827, F
ATHlE 28%0]1, BAG B A H[E= 49 Hojth
CCUS oF AFAY] F IAG+= 4370]aL A+
H|= 4049 9, AT A8 99 gog ZlHgih
Ay HZA0 dgEE AtTAlE 2014~20174
7R SYET7E FEEQLL, o] F 20230 219 ¥
B2 119 AtHA7E SFEAT B ALAAE - A

8) AFAE-AGH 74 # {AH], A7 E AT HE AFNEH|

. CO;, mixture
20 Ultrathin 2.7% . . 2.2%
condensation boiling

H o d |AH] ZA0 sid== FAY F%, =7}
R&D A A 9] 2023 HAF AtH]= 359 & =2
2 ATTA7} $HE T, CCUS Eokol A 2014~2023
| 5t g A9 BAGE HGo] SA5HA] ottt

SAFY Fa Jopo] A AfAA - 1Y 2
FAH A0 fFEE FAHAL FHA AFAD
olgt= ATA oA 202040]] 609 ¥ FHE =]
i, Hgfpd FARFST R&D S-S 19 /lzet
SAFYG olgh s AFIAIY 9= 2021 629, 20229

9) AFTA H7 g BEY], STHATAG SAATA U], Y], AL B ARS 29 5
10) AFAE 5 F /A, dgH 7 E SR, AR ARlE A 5
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Table 8. Trends on keyword of development

o
e

Table 9. Trends on keyword of applied research

research 2014~2018 2019~2023
2014-2018 2019~2023 No. Keyword F"etq- Keyword Friq-
No. Freq. Freq. rate rate
© Keyword q Keyword q 123
rate rate 1 Carbon dioxide ) Carbon dioxide 3.3%
1 Carbon dioxide 5.5% Carbon dioxide 12.5% %
2 Membrane 3.4% Formic acid 3.3% Offshore
3 Porous materials | 3.4% Membrane 2.7% 2 geological 8.2% | Membrane process | 1.6%
4 Membrane module | 3.4% Process design 2.7% storage
9 0 Artificial
5 Nanocarbo.n 3.4% CO; Cfipture. 2.7% 3 Sequestration 8.2% ' 1.6%
6 Gas separation 3.4% | Process simulation | 2.2% photosynthesis
7 | Separation processes | 3.4% Co, 220, 4 Climate change 8.2% Micro algae 1.6%
CO, capture and o . o
8 Pohang basin 2.7% Capture 2.2% 5 storage 8.2% Adhesive L1%
9 Janggi basin 2.7% | Mineral carbonation | 2.2% . Reaction and
6 Biofuel 3.4% ] 1.1%
10 Graphene 2.7% Greenhouse gas 2.2% separation process
Thermodynamic 7 Micro algae 2.7% pilot plant 1.1%
11 [CO; capture process| 2.7% . 1.6% Carbon dioxide
modeling 8 Gene expression | 2.1% . 1.1%
12 Graphene oxide 2.7% | Methane reformer | 1.6% fixation
13 Track record 2.7% Bio-diesel 1.6% 9 Polyimide 2.1% Large-sca?e 1.1%
14 CCS 2.1% Boiler 1.6% demonstration
CO, undereround Meta bolic CCU hybrid
15 : & 2.1% | Oxygen carrier | 1.6% 10 . 2.1% 1.1%
storage engineering process
CO, geological 11 Bio-diesel 2.1% Organic waste 1.1%
16 storage 2.1% | Building conceptual | 1.6% 12 cCs 2.1% CO, recovery 1.1%
1 0, 0,
17 CO, storage 1% Flue gas 6% 13 Cofixation 2.1% Polyurethane 1.1%
- T 14 Cyanobactera 2.1% | CO;, from flue gas | 1.1%
Hydraulictestingindee
18 2.1% CaCO; 1.6% L Solvent-based CO,
pborehole 15 Syntheticbiology | 2.1% . 1.1%
capture
Large-scale integrated P
19 Capture 2.1% 1.6% . o Membrane-psa o
CCS model 16 Coconversion 2.1% hvbrid 1.1%
ybrid process
Costoragecharacteriza ; ; ; ; ;
20 g - 1.4% Calcium carbonate 1.6% 17 Geneticengineeri 2 1% Biochemical 11%
tion ng production
Membraneproces . L.
18 1.4% Mineralization 1.1%
569 ¥ R S=3= v} 9t} o] CCUS Hofe} vl S
B o—' = :'_%L e 1_]- Mq- ] - * }:ﬂ' ] 19 Otway 1.4% Nanomaterials 1.1%
Fe f ApEAdo] Hol= FEolzt & & Utk - Compact capture
20 Minimal genome | 1.4% 1.1%

StH, CCUS #oF =7IR&DA| gt AlF 7]&52] 7]
Table 75-€] Table 97}%]o|t}. X 10¥7F
CSH|E UL AN dAEE
TEoto] Z|9EE A Y F& 7I¥EE A+
A 5714 Lo A= Eo] U, ST 71¥E HolHE
FE5to] 3W AA, 224 TY, @ - B BV|E AA
5ttt REEIDS A - S 34| 4= SAL A
7I1E9 &4 RIS &3 FAAHUT 2 71959 o
T SAE ZAATY HlEeS B9 w7IR&D W CCUS
2ok9] 8 7|&o] Higt v EJEE A5

Table 79A= 712 AT SAS] 491 207 719= &

0

11) 7]2d4F F517]19] 7]9E carbon dioxideQ] HIE& A& of: 7|¥= &Y
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Table 82 7HLAT THA Q] 9] 207 7] Efo]
ok A9lel fAste vIYEs ZEAE HEH B
7|&o] 57 04%1411101%1 3.3%%} 2.7%9] S-S UEt
et fEQl 71&9 A 712A7e AdATE MY
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Aol Bt AT E3E 712 AT AFHAR FH]]
A&EE FHZ & 5 QUoh

Table 9= “S-&A7 DAL 49 2071 7191= @7Fo]
th A 7l& 719E F A1 A9 F19EE YA
Z AR T3 LR 8.2% H|E S XA|FTh o] Zut

719] 712972 ALEE Z0R & & 1, Ay
vl Az 9] 7B 3.4%2] H|Fom P Tt
7] 712479 HieleoyA] 7jex F3E Ao gl
ek

TR A9 719EE WEERl 3T AFFEE

#3E AF7E 1.6%9] H]%Oi RI=AAL, 3L
oF it Aol B3t ATE 1.1%9] HFoR
= oﬂEﬂiﬂ AFTA 7L FF= .

A9 7% Adntr] iy jrﬂ 7] 71959 Hl5o]
x%u}&}og =45k ol §8AT9 Fuby] IA &
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2 d7olMe 22E di+FE CCUS Z2HEQ] A%
e IEAOM #gske CCUS AlF7leS aRlskitt. =
Ul S7IR&D A7-IHA B} 7|9 E 24& F3f CCUS
o F8 &0l ojd AN DAl o= Hr=o
HlEos A=A tt EFES F450
RN e H2FH 71ET
o2 4hghqlofA 9 04?%111 =3 97
% A9]0] gt 8 5 EE F29 3F =Y 23
A AlHolA Q] CCUS 7] J-83te} dixte =24
FA 5 Qe ASEE Auddth ols U g4
4 Addo] #d 71e9 FAloly d7E gt
I7F ob et e WO 2|42 Rl Hes} HEo] ARl

JB_.

— o
Al 2 A
2
4 7l&

Hn o Im e
_ u:E mlm

RAPE B GiTEE 2 I9ls EMorn 1109
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A £ Q9] 124 Ao} 2ol A Aol e

z=g 3 ZUY R&DO 7FAHQl AAL Bz3l A o]
o S GAE BAoAE 2T} Aol
H|Zo] glglou CCUS T Al ol AlHedS

S ATAA R 2 9 FAR] 4] At
A7} Sy Elofo FHolE 2014~2023 EF S AT
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o] Bx]ojof S Sl @A AlFolA]l CCUS
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4 Sl F7IR&D IAFHYE Qo that 2o
t}.

AA, Z7IR&D A thH] CCUS &oF A1AA| Y F

ATH|E 20234 71E 0.15%°] E3Fsich. 4491 V&
85 i 2 9 Sl A TAel e R A

S2Q B2 dasty, 53] 7tAA i olalsiera
Aol Bt AFATU AR3eSX(EOR)7 &, 121
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rSE e
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