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International development strategy and analysis of science and technology
trends in carbon capture, utilization, and storage (CCUS)

Abstract

In the context of carbon neutrality, carbon capture, utilization, and storage (CCUS) technology has
emerged as a critical focus for policymakers worldwide. Recognized as a critical tool for combating
climate change and achieving carbon neutrality, CCUS has gained widespread endorsement from major
nations and international organizations. Through methods such as bibliometrics, text clustering, and
comprehensive research involving foreign official institutions and authoritative websites, this study delves
into the technology strategy and development trends of CCUS. It is found that various countries .
including the United States, Europe, and Japan, have sequentially rolled out CCUS strategies, elevating
CCUS to a pivotal national strategic initiative. Moreover, they have delineated explicit objectives and
emphasized research directives for diverse developmental phases leading up to 2030, 2040, and 2050. At
present, the arena of CCUS technology is marked by swift expansion, with the relevant core technologies
concentrating on low-energy and cost-effective CO2 capture, dependable geological utilization and
storage, and advanced CO2 conversion processes aimed at yielding high-value chemicals and fuels.
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Al . M SEAF (CCUS) E#EH CO,NT.  BEEBUFERER L&A 2 (IPCC) B NIK
Wt #E L BEIRABCR AP ik, Ik BEE PR (AR6) f5ih, LB AR D ERE HixR,
H3 N ABAERIRI N, e CO IR T I CCUS ARSI BT AL Bkt Y 7E
B, WK CO MR sk, FIRMEFEZAHY . PMER T, CCUSEAAREBRIRBAIT ., Tl

*BAZAE A

FORE : PEHFREBALE 2R LHFZAELRXER (GHI-ZLZX-2023-06), F BEAH3 % Lok HIRAE A 2%+ (E2290431)

MR AR B 2. 2024 -7 A 238 ; FAEM B, 202457 A29H

(D Intergovernmental Panel on Climate Change. Climate change 2022 mitigation of climate change. (2022-04-04)[2024-07-28]. https:/
www.ipcc.ch/report/ar6/wg3/downloads/report/IPCC_AR6 WGIIL FullReport.pdf.

1486 ‘2024&-%39%6@8,5}%



EfffEE. FRSHELRSIESRBEEST _
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ARSI ER AT CO, LR p B AR EHE

FlE L RKE L B H A E KA X R
CCUS1E S B Al F AR A 1] A 1 — IO HEH A
W H TR E KA S B, TR AT — FR 5 R AL
R BRI . AHOCIR IR R, AERRIR I |
R (LU RIFR 8k” ) BAR F, 32025441
FEATA X R CCUS AT CO, I HE I 75 2K 204
0.24ACMi/AF, 3 2030 4E 290 1ACME/AE, 31 2040 4R 2y
104 /A, 3 2050 4F45 8 i 20 {2 Wi/AE, ) 2060
AR R 23,5 MAE . I, & B CCUS Hxit 3k [ 5
BB B AR B A S R S AR SO AT )
Br 1 bR CCUS 403 14 T S 35 2 Je R K J a3,
DAY IR E CCUS KA AR L4157

1 FEERMHEX CCUS KRB

el WL DRI H AR E ORI XA
BE 4 HRF CCUS B ARME & ARSI H #2158, AR
SERRAE CCUS B AL #ERE , AR B BE 5 B
FNZETCHEA, TR T 2% 0 2 fr) s BB 1)
1.1 EEFEZEB CCUSTRAFMRE, RirHE#H

CCUSKEAZTHUARE

H 1997 4E LIk, EEREHEA (DOE) H74L% )

CCUS [HF & F7R 35 . 2007 4F, 5% FE REJR B Hil 2 7
CCUSHFE H/RiEitdl, (4% Co itk . B 5317 .
FRALAH = R4k, 2021 48, S RERFR A L Y
CO, iR TH M R s IE A 4 (PSC) 4, Jf38
Jinco, 2Bk (CDR) 14, CDRiX]E7E#HEs) DAC,
BECCS %5 fik LBRH AR K&, [FHHE “fumdocit
07O LA B 2 bR U G R R AR BT, H bR R
2050 4F, LI KA L EREC T2 CO,, CO,Hfi%k
B AL T 100 £70/m. Ak, S CCUSHTA
&N JF — 45 2 i 81 DAC. BECCS % Bt L BR R,
CCUSHIARMKR T MZ e, 20224E5 7, EEAGEI
WEAIG 3500 KIS AL I
Y, W AN KO B R P R, B
TEINH AR

20214F, FEEEH T CCUS stk BY 1,
BT SRR R BOCTT T A4 . D s PRl B 4L
AR5 T AL S IR Se dERRAm SR N (2K
R AR SRR ), R
o0 WG AP AN SR AT A T FE B 59, AR AR Tt
MR AR CREYE . IRAITE . WASTRE
5, IRERG (WM-BERGEE), LURARE 25 5%
HALBIH AR @ CO, T A LA AR 72 H a2
I &M COALTIMREL . f2 i . R 7= . sh ikt
RIS RL 530 (B 7= W R & R T 295 B €0,z

(2 Global CCS Institute. CCUS progress in China. (2023-03-17)[2024-07-28]. https://www.globalccsinstitute.com/wp-content/uploads/

2023/03/CCUS-Progress-in-China.pdf.

(3 The US Department of Energy. Secretary granholm launches carbon negative earthshots to remove gigatons of carbon pollution

from the air by 2050. (2021-11-05) [2024-07-28]. https://www. energy. gov/articles/secretary-granholm-launches-carbon-negative-

earthshots-remove-gigatons-carbon-pollution.

() The US Department of Energy. Biden administration launches $3.5 billion program to capture carbon pollution from the air. (2022-

05-19) [2024-07-28]. https://www. energy. gov/articles/biden-administration-launches-35-billion-program-capture-carbon-pollution-

air-0.

(® The US Department of energy/national energy technology laboratory (DOE/NETL). Point Source Carbon Capture Program. (2023-

05-30)[2024-07-28]. https://netl.doe.gov/carbon-management/carbon-capture.
(® The US Department of Energy. Carbon Conversion Program. (2023-05-30)[2024-07-28]. https://netl. doe. gov/carbon-management/

carbon-conversion.
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BRI FIE AT @ DACH A MBFFEE SR IT LRt
B4 i CO, BB IR 45 B B AL T 2R AR MR, 2
FE STV A T G 88 1 AR v A 27 Ty 12
455 (5 BECCS BT B s 2 T A U i RS 75 |
BRI T AR, FFED XK R, D
CO, LB 1 W 54 Ay 2
1.2 BREB R H A R E¥ CCUS LA FIER RS

E, Z2MKRBEESARB CCUSHIASTE

202442 6 H, BRMZE G2l T (kiR
HUEEIEY @, BAEY K CCUS B MM, FESCBlml
b, JHRE = RERME . #2030 4, WD
5000 J1 i} CO,, DAMHEBEMAE . 0. BRI AL
FEAL LA DG M SR ;s 2 2040 4, REHUHIX
MR A 23 1T, CO, MU i —T1li s
WEHFECRI I AT 32 55 i, B AE 0 CO, A 13 1
BT AGERI s 2040 455, T RRAS BN J8 Ay IR B 28
TR R — AR 53

2T 2024457 H 4 H %A (2B CCUS #2581
RAFTR) ©, I T 3INERHEL: 20252030 4,
HhE 2—4 4> CCUS L, SEBLEEAE 400 7 —800 J1 Iy

CO, A1 5 2030—2040 4, FHAESLHEL 1 200 77—
2 000 J3 i CO, fili 45 & 5 2040—2050 4, i 4F SC
3000 J1—5 000 J7 I CO, flifE . 2024 4-2 H 26 H,
TEEBIBL TS 55 AT (BMWK) oA (B
EHRIE S R0 PR TIZ RIS BT (R B AAE SR
B U, AV ECI TIER CCUS AR FRRS, HEsh
CCUSHiAR K J&, Fhni Semh Bt 15 . T 2R K
b1l T8 S S CE 7 7 9 TR 8 S PR i
CCUS K ML T ¥ 4 Sch, W miA G Jeibn
TAERAR (FERMEER . B FR AW B 5105
W EEEIRERSE) . COBLALTIBRRI AL 200 . 7K
TR, CO,B AT &%,
1.3 RELICCUS EB¥RIGH R AR CCUS KA
YL [EL B CCUS Pl BEREAE A #E5h CCUS i
RIBFFE W EEFB ., Pl GRERm) PR,
) 2030 4FF £ B 1040 5855 5 Tl A AR ik 4 4
CCUS = /. 2023 4F 12 H 20 H, [ &k 1
(ceus: @ mgtkigEn) ¥, B CCUs
LERGUTH , JHRH CCUS = RERI B : D 2030 4
MBI CCUS T, 2] 2030 4 HF4E4 4 2 000 J7
—3 000 71 CO, Mt ; (2) 20302035 4, PR

(D The US Department of Energy. Carbon transport & storage program. (2023-05-30) [2024-07-28]. https://netl. doe. gov/carbon-

management/carbon-storage.

The US Department of Energy. Carbon dioxide removal program. (2023-05-30) [2024-07-28]. https://netl. doe. gov/carbon-

management/carbon-dioxide-removal.

@ European Commission. Towards an ambitious industrial carbon management for the EU. (2024-02-06)[2024-07-28]. https://eurlex.
europa.cu/legal-content/EN/TXT/?7uri=COM%3A2024%3 A62%3 AFIN&qid=1707312980822.

10 French Ministry for the Economy, Finance and Industrial and Digital Sovereignty. Etat des lieux et perspectives de déploiement du
CCUS en France. (2024-07-04)[2024-07-28]. https://www. entreprises. gouv. fr/files/files/industrie/etat-des-lieux-et-perspectives-de-

deploiement-du-ccus-en-france.pdf.

@ Bundesministeriumfiir Wirtschaftund Klimaschutz. Bundesminister Habeck will den Einsatz von CCS ermdglichen: Ohne CCS
konnen wir unmdglich die Klimaziele erreichen. (2024-02-26)[2024-07-28]. https://www.bmwk. de/Redaktion/DE/Pressemitteilun-
gen/2024/02/20240226-habeck-will-den-einsatz-von-ccs-ermoeglichen.html.

(2 The UK Department for Energy Security and Net Zero. Net Zero Strategy: Build Back Greener. (2021-10-19)[2024-07-28]. https:/

www.gov.uk/government/publications/net-zero-strategy.

(3 The UK Department for Energy Security and Net Zero. Carbon capture, usage and storage: A vision to establish a competitive mar-
ket. (2023-12-20)[2024-07-28]. https://www.gov.uk/government/publications/net-zero-strategy.
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WFEdmisy, SR (3) 20352050 4, g
H % H R CCUS T,

Jyhmtk CCUS iR, s (R 5 A0
HEZE) il5E T CCUS Filh a8 SR L BREARD & 5 i A
BT O 5 SR A 1 s U A A B AR
K, ALFEIRGERTIE AR I S B FR BRI R AN
TR IST oY SE R SN 5% NG E =Ry 5% N DS 1
TP IS BEAR A A A . @ SRR I
DRETETT R DACH A ; @ ws HAA LT
YIRS ARBER SR . AR e Ak, LR
il BECCS Hikbe . Atk IRAH LA HAhH AR HE
A UM BECCSFER L . IR | I HpLiz ikl &
SRR T B S AT AR Ky ik R (1
BN 5 (@) B LA CO, 38 i A7 1 HE S IRl R it
W & TR BB @R, Bl PPAG A
FAR G, TR ZE AR, il
g b CO, BT RE s © T & CO, R AL K 6™
Aty A BURRHRIIE 2 i ) CO, R FIHEAR
1.4 BARRAO T EREREIMIEIF =L

HZR (2050 47 52 BLAR ORI 4 2 3 K ks ) g
BBRAG R 7= M 51 Ay S B v A E B 1 DU R =l 2 —
$ih CO B LTI EL L 2E . CO, T fbIR IR EE 1
AR ST B SRR, DL DACHIA R AR
FAESS, JHRI TUIRRR R bR 52030 4, KK
CO, R RLA A 2 000 H IT/ME CO, . 5 H CO, 4R 1)
BAR A 1000 H 7T/ CO,. F&F 32 1 Co, kil 4
PIHREL AN 100 H JC/TF; 2] 2050 4, B S AsE
(AR R 2 000 H 7T/Mi CO, . FEF AN TORAVERT CO,
AL S AR A 100 H I8/ T 580 itk — 25 i s a4
AR R I R H5 S BB R DGR MR VR T, HAR
F 2021 SEAEIT T CBRA IR H AR LR IET) . B2

KA T CER@BIETEET HEAET I CO, R T 28
BHORREL IRBEL, LI CO,EWIHE . CO, 43 Il
WS 5 AL I A Sk 2 SR . X L8 LTI R T
QIR E S AL . T CO, iR O ARREAE BB 4 1 A5
ARIF A5 RTE 5 CO, Rl iz & MUkt . I $54E
LS IRRE L Y e B 2 LA AT s CO, AL il SR =
P . RORTRERFDIREVEILRL; CO, MR AA A ;
BE AR SR AE L AR

2 s, MASHEFRAMEHARSS

2.1 2K CCUS AR AIED

BET Web of Science /%0 &5 SR B I, A8 SCKE %
T CCUSHARGUL SCIig 3, it 120476 5. WA
EHRFE (E1), H200845HE, CCUSSMIA CH=
PRGN 2023 4E YR SCI R 13 0894, &
2008 4F % 3CHE (1 6715) 19 7.84% . B £ 2 E NS
CCUS A iy T AR BN WTHE I RIRp 22 9 1)y, Bildhok
ok CCUS &S S Hradg . I SCLR Sy iFoT £
AT, CCUSHIFR 7 1n FELLCOMEN T (52%),
HUOZ CO M HHEWRMA (36%) . CO,HBTFI IS
BAE (10%), CO,Hk4iiskie SC i b/ (2%).

WIS E R Ak, ARk kR SCRHEA R 10
fii (TOP10) WYEZAIETTE ., K, M, s,
HA, EDEE. #hlE . sk, MARWATGHT (F
2) HrpELL36 291 F & SO, HEEAIAE T H A E
XK, MREERE L, HMIRSGEmIIRE (K3), 7
RICHAT 10 E R T, RGeS CH e 8
FRAE AL 51 SCREMR ) AN AR 138 T T 10 0 6 50
PR E A e SRR, gk R
(B35 %), HrhSemE | IR WAL X P4~
B b2 A F A BR A M, 2 B X AN [ S AE

(% Ministry of Economy, Trade and Industry. Green growth strategy through achieving carbon neutrality in 2050. (2020-12-25)[2024-

07-28]. https://www.meti.go.jp/english/press/2020/1225 001.html.
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mEA
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Figure 4 Map of clusters on CCUS based on keyword analysis
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GRIGARIATR . OO BT 5 A 25 O BT 1P )

N

Or B EOR MBS SR KRB R AR R, iR

e

B AW WA RO AR SR
. s SR YERRE . BURRR A . S EIARIEETIR . T
Al 5 AT CO, BUAS T 24/ 22 30 eon/Mli A4y, CCUS
AEAREW AT, HAR AR TR S HAW
Betk A oAt H AR 6 i ST KFIRG TR T 5 A £
FUAPRE Gibfr . TEPERSE) SERANIRIN 45k 25 1
ZALERA B 4017 (PCP*3) WF5T, LA 13.45 0/
R SEBEMEAR AS R ARV EE IR S (CO, MR EEAR T
10%) & 85 [ CO,, FiHHE 2030 4F JFE Fif 52 31
I8z RN Sl R NS P S8 0 D TR LS
£ CO,BOL, Sl H AL, 20 ) Al b4l A A
ARFEME19% (BFMKE 38 EI0), AEFEMEMR 17%,
HREIL9T%Y,

s e . AL A5 A = AR AR AR B AR T
GRS L AR 285 S Tt s o N 1) s A= S |
B BRI AR Z —, B m R IR AR | K
CO, Fli B AR5 Je Dy [ ) S AR o (AL A BEHR
Pelh L, BRI R RBEAS T, O T R A
FAR BB RS, FHT, fFaEkbe o4
MR AR A GBREE . 3L 00) Ak, 45
B ARSE . High S5PF & T —Fh Rt it i PE e 4R U
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@ IEA. CCUS in clean energy transitions. [2024-07-24]. https://www. iea. org/reports/ccus-in-clean-energy-transitions/accelerating-

deployment.

1 B A% St X AAL. BAE T L8 AR .600E 3 K Lk 4 L Tk h TATE B E CO20% e W IR BAMT B 7 Ak
Hds B A& A Y TRLF—R DCO2 2 B I F AT DF-# A2 F FICLOD—R L ma— MV &~ DR # 28 35 7. (2022-12-
22)[2024-07-28]. https://www.nipponsteel.com/news/20221222 100.html.

@ Pacific Northwest National Laboratory. CO,BOL Solvents for cheaper carbon capture and sequestration, pre- and post-combustion.

(2023-01-23)[2024-07-28]. https://www.pnnl.gov/available-technologies/co2bol-solvents-cheaper-carbon-capture-and-sequestration-

pre-and-post.
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(9 Intergovernmental Panel on Climate Change. Climate change 2022: Mitigation of climate change. [2024-07-28]. https://www.ipcc.

ch/report/ar6/wg3/.

@9 ArcelorMittal. Carbon capture in the steel industry: ArcelorMittal, Mitsubishi Heavy Industries Engineering, BHP and Mitsubishi

Development sign collaboration agreement. (2022-10-27) [2024-07-28]. https://corporate. arcelormittal. com/media/news-articles/
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International development strategy and analysis of science and

technology trends in carbon capture, utilization, and storage (CCUS)

QIN Aning' SUN Yuling"**
(1 National Science Library, Chinese Academy of Sciences, Beijing 100190, China;
2 Department of Library Information and Archives Management, University of Chinese Academy of Sciences,
Beijing, 100190,China)

Abstract In the context of carbon neutrality, carbon capture, utilization, and storage (CCUS) technology has emerged as a critical
focus for policymakers worldwide. Recognized as a critical tool for combating climate change and achieving carbon neutrality, CCUS
has gained widespread endorsement from major nations and international organizations. Through methods such as bibliometrics, text
clustering, and comprehensive research involving foreign official institutions and authoritative websites, this study delves into the
technology strategy and development trends of CCUS. It is found that various countries, including the United States, Europe, and
Japan, have sequentially rolled out CCUS strategies, elevating CCUS to a pivotal national strategic initiative. Moreover, they have
delineated explicit objectives and emphasized research directives for diverse developmental phases leading up to 2030, 2040, and
2050. At present, the arena of CCUS technology is marked by swift expansion, with the relevant core technologies concentrating on
low-energy and cost-effective CO, capture, dependable geological utilization and storage, and advanced CO,conversion processes
aimed at yielding high-value chemicals and fuels.

Keywords CCUS, strategic research, text mining, research and development trends
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