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Abstract: With the escalating global demand for carbon emission reduction, CO, sequestration and enhanced coal-
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bed methane (CO,-ECBM) has attracted widespread international attention due to its distinctive advantages in
promoting the synergistic development of energy development and carbon emission reduction. This paper
systematically reviewed recent advances in CO,-ECBM research across scientific, engineering, and policy-
economic dimensions. Besides, it elucidated the sequestration mechanisms governed by a synergistic suite of
processes, including adsorption trapping, capillary trapping, structural trapping, solubility trapping, and mineral
trapping, and further evaluated the technological maturity and economic feasibility of the technology. The results
demonstrate that CO,-ECBM technology not only effectively promotes coalbed methane recovery but also offers
substantial sequestration potential and favorable geological stability. Through a comparative analysis on typical
demonstration projects conducted worldwide, it is pointed out that practical applications of this technology still
face challenges such as poor injectability of coal seams, permeability decline induced by CO, injection,
insufficient assessment of long-term sequestration safety, and economic feasibility hampered by technical costs
and carbon price volatility. Drawing on bibliometric analysis and hotspot evolution mapping, this study outlines
the current research landscape and development trajectory, highlighting critical future priorities such as geological
suitability evaluation systems for sequestration sites, high-efficiency technologies for coal seam permeability
enhancement, multi-field coupled multi-scale CO, migration mechanisms, and intelligent monitoring and early
warning systems for sequestration stability. Concurrently, it is imperative to strengthen technology integration and
policy support to accelerate the commercialization and scaling of CO,-ECBM technology. These initiatives are
critical for underpinning global efforts toward achieving carbon neutrality goals.

CO,-ECBM; CO, geological sequestration; sequestration mechanisms;
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Fig. 12 Multi-scale migration of CO, geological storage in deep coal seams

[84]

023542-13



XTI % R4 5 5 2P ] T4 Vol. 8, No. 2(2026): 023542

il TOUGH, COMSOL Multiphysics 25 54 F &
SRR — [ Ak DU S R SR A, R Z T CO,
AP EZE AL . SRR E R E N, &
GihbAg s CO, TEMEZ B REHLEI, iEASEUL
b 5B A AR A — A B S ™,

(4) W s 5 A ARG K, R )E
CO, M BB AFE AT B R EEXEAG 20 &
By o AN 2L B A e SRR R, S GRS T X
Wz 20y 25 R 5 B . B b, 7R R I A
CO, 542 M EAE A RAZHLE, W16 2 il E Y
B S, 57 22 RO G A i AR A Y, I o Ak
JEIEAL w5 SR 5 IR e R Bl RN, A A
A3 B0 T RS FEMAE 0 0 HeoR b, B SR
AW £, ANTCLAR I 45 | SGEF IR & &R 48
&, PRTHER AL A AL BERE T R BT E AR T
K, FIH = HErb R | mAs ARG S5 B OR A W b Jox
ZEH; A N TRt BTG IR R ™.
ARGEWE Ty A dE: OF AR R G, W& T = i
FERDGEFBES 5K G AR IR Sk, SE3 22 K G0 s 8
EP; @2 5 S H 8 il &, t d R 28 A T
V1, LRSS AL EARRAS B B & NN 2B
FOR, B 22 2800 1 REFN 94 oK BIL g A 25 7,
TV 1A B 4 il A 3R 5 (AU e 5 R AR, 7 B A
AR, SEHM e o UE S H AR [R,
R B e, 22 R i s A AR T A R ST RS E
PR SRR, S RGN “Beshman” ) “3
S A,

(5) #E5h CO, MR EAFE AR RN AL 5 A AL
N . M ETFR E AL AE CCUS 35 REWHE Jr 1 1 48
GRS as i A F R B, 5 38 i Z I e Al =
SRWE 510 H 25 n AT w e, i B
R B 4 S, BRI Al B 0 XU 5 32 8 AR,
KA 25 CO,-ECBM Hil H iR . HK, 5835
WA S i L, B CCUS i H i HE A 3 E
B RAE Ty, IRy Al B8 A 45 A0 28 B Bl Ik
BT %5 CCUS T H R4 ™. R, xF W F
CO, ZHAERARBE & . B A E 4, 457
o WSO O 5 A B BOR, YR Al 0 55 1 41, S 4
A ARFEA o tesb, FRIE Bk = 52 #E1 CO, HiFifif
FEEAERERE, AITT H BEhE 2 5 309 Wl A S B3 %
frfae4, A4S O Ml 2 ER . R0k, #E CO,-
ECBM He AN B AR . B S HR FTEDIL A A

B AZ L, IR R T AR 3, D0 A A 428 1l SR s,
HEL BT WIS e e R AR o B AR PR E B
ek, CO, MR BT HAA B S BRAE IR ST 4
RS A S R AT B

5 & i

RY AR T IR MR CO, B 5 M2k
FEREA MBI R 5 N AT S, 4307 T H 2t
FERL, BRI BB e 55 vl AT, JR4s G
RIZLHIHEAT TR AR, BB

(1) CO,-ECBM $ A St HLRE IR 7™ 5 Rl ol HE AL
AR, W HETS) R . HE AR 20, 55
B EEAE . BAE A . AL BBl DA A L VS I A A
LB, X SEHLHIAH BB A, ATRf R CO, KRR
B ZHARERT TR RNCE | B2 ST
Ak FAR M L 3, AR ERIE R R
TEIRTF AR TR R

(2) &4 CO,-ECBM Hi R EEZ A 545 29)
A RE, (HHAE TR b i — RSPk, &
4, CO, AR . B H ATE A RA S, BE&IAK, fiE
FE 2 L2 B T A TP A DG BR ) R 225 ik T S L )
AN 58, dE 2B R I H kg o Lk, R X
CO, M2, CO, A BEMIETIENK, F3058
B RREAR, M TE AT R . BUAh, B4 otk F
AR, i 2 W73 BT 1 22 Ge i e R B A7 22
SMERYRIE, BARBRVEA TR .

(3) CO,-ECBM AR 1Y & 5 B T LA LA
J5 i T RSE RS CO, AR AY X $8li 1 7
WFE, PR b o) B A 8, DAL A7 R i
W2 24375 e CO, mRUE BRI A, $&FHILE
HEZEARR ) 5 EHAAERCE, WS GIE T
CO, ZREEBBALHIBAL, ST S R RS i
S BB A I T 5 R S AR R, B iR A I
TR RS B 45 e

(4) DB SR AL BOR IR . I KW B R 563%
T ML A48 it 1 2h CO,-ECBM £ AR Bl b i%
Hu 5 AR KR, $RE TN 2 5 R IE S 4R RLES,
B 1 CO, 2 BB AR AE 2 BRBE VR 45 #4898 1
XA R AR AR

S Z 3k (References):

[1] LEE H, CALVIN K, DASGUPTA D, et al. Climate

023542—-14



XTI % KA 5 5 2P ] T4 Vol. 8, No. 2(2026): 023542

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

change 2023: synthesis report: longer report[R]. Geneva:
Intergovernmental Panel on Climate Change (IPCC), 2023.
SRR, vl BRAZ SR PR T AR B M v ik — 8k
BRHECR A 2024[R]. AL at: i EBRAZ AU, 2024,
BEVACQUA E, SCHLEUSSNER C F, ZSCHEIS-
CHLER J. A year above 1.5 °C signals that earth is most
probably within the 20 year period that will reach the Paris
Agreement limit[J]. Nature Climate Change, 2025, 15:
262-265.

ALI M, JHA N K, PAL N, et al. Recent advances in car-
bon dioxide geological storage, experimental procedures,
influencing parameters, and future outlook[J]. Earth-Sci-
ence Reviews, 2022, 225: 103895.

ZHANG Tao. Interpretation of the "Action Plan for Car-
bon Peaking before 2030"[J]. Ecological Economy, 2022,
38(1): 9-12.

RATHNAWEERA T D, RANJITH P G. Nano-modified
CO, for enhanced deep saline CO, sequestration: a review
and perspective study[J]. Earth-Science Reviews, 2020,
200: 103035.

LI Xiaochun, FANG Zhiming, WEI Ning, et al. Discus-
sion on technical roadmap of CO, capture and storage in
China[J]. Rock and Soil Mechanics, 2009, 30(9):
2674-2678.

PALANDRIJ L, KHARAKA Y K. A compilation of rate
parameters of water-mineral interaction kinetics for appli-
cation to geochemical modeling[R]. US Geological Sur-
vey, 2004.

SRR, 2=, gkt E A AR AR R S B A
(CCUS) 4 FE 5 (2021)——H1[E CCUS #EAEHFFER].
B A S PR AR LRI e, 27 e DU )
OISR, 2021.

HAMZA A, HUSSEIN I A, AL-MARRI M J, et al. CO,
enhanced gas recovery and sequestration in depleted gas
reservoirs: a review[J]. Journal of Petroleum Science and
Engineering, 2021, 196: 107685.

S, A A i SRR R AT R A R
FUIRVFLT]. B H LB SR, 2018, 46(5): 1-9.

SANG Shuxun. Research review on technical effective-
ness of CO, geological storage and enhanced coalbed
methane recovery[J]. Coal Geology & Exploration, 2018,
46(5): 1-9.

AMINU M D, NABAVI S A, ROCHELLE C A, et al. A
review of developments in carbon dioxide storage[J]. Ap-
plied Energy, 2017, 208: 1389-1419.

=, T, RRUR, A ARBI A N h EEE R AR
IR R HIRTR]. Al 2012, 33(3): 526-532.
YUN lJian, QIN Guojun, XU Fengyin, et al. Development
and utilization prospects of unconventional natural gas in
China from a low-carbon perspective[J]. Acta Petrolei
Sinica, 2012, 33(3): 526—532.

[14]

[15]

[17]

[20]

[22]

[23]

023542-15

TR, 2801, F AL, SRR IHIT & i BE SHOR
KJETT 1 [J]. Hh E AR, 2008, 13(5): 1-6.

XU Fengyin, LI Shuguang, WANG Degui. Development
trend of CBM exploration and development theories and
technologies|[J].
13(5): 1-6.
MUKHERJEE M, MISRA S. A review of experimental

research on enhanced coal bed methane (ECBM) recov-

China Petroleum Exploration, 2008,

ery via CO, sequestration[J]. Earth-Science Reviews, 2018,
179: 392-410.

S0, XA, RETAR, 5. CO, MR E A1 ) SR
BE R ip [ B B AR LB W T R (D). A 2 4, 2023,
48(7): 2700-2716.

SANG Shuxun, LIU Shiqi, ZHU Qianlin, et al. Research
progress on technical basis of synergy between CO, geo-
logical storage potential and energy resources[J]. Journal
of China Coal Society, 2023, 48(7): 2700-2716.

BUSCH A, GENSTERBLUM Y. CBM and CO,-ECBM
related sorption processes in coal: a review[J]. Internation-
al Journal of Coal Geology, 2011, 87(2): 49-71.
TALAPATRA A. A study on the carbon dioxide injection
into coal seam aiming at enhancing coal bed methane
(ECBM) recovery[J]. Journal of Petroleum Exploration
and Production Technology, 2020, 10(5): 1965—1981.
QIN Y, MOORE T A, SHEN J, et al. Resources and geol-
ogy of coalbed methane in China: a review[J]. Internation-
al Geology Review, 2018, 60(5/6): 777-812.

XIHESE, 22/, VK. T E CO, IR A A RRI 1M
[1]. 240 1275 TR, 2005, 24(16): 2947-2952.

LIU Yanfeng, LI Xiaochun, BAI Bing. Preliminary esti-
mation of CO, storage capacity of coalbeds in China[J].
Chinese Journal of Rock Mechanics and Engineering, 2005,
24(16): 2947-2952.

M R, XY, TRV, A A S A
ST RT]. R BB R, 2021, 49(11): 10-20.

SUN Tengmin, LIU Shiqi, WANG Tao. Research ad-
vances on evaluation of CO, geological storage potential
in China[J]. Coal Science and Technology, 2021, 49(11):
10—20.

fuf 2Rk, FHIHE, RKF). 2 CO, LRtk
JEER[T]. BERBLEHIR, 2022, 50(1): 212-219.

HE Xueqiu, TIAN Xianghui, SONG Dazhao. Progress
and expectation of CO, sequestration safety in coal
seams[J]. Coal Science and Technology, 2022, 50(1): 212—
219.

[ a2, 2R, XIS, 4. B CO, M B fAd BT
SPCICECHFFEIEELT]. BRI 224 (H AR
), 2025, 57(1): 100—112.

TENG Ying, LI Jiajie, LIU Ying, et al. Research progress

in off shore CO, geological sequestration: suitability eval-


https://doi.org/10.16418/j.issn.1000-3045.20211108005
https://doi.org/10.1016/j.earscirev.2021.103895
https://doi.org/10.1016/j.earscirev.2021.103895
https://doi.org/10.1016/j.earscirev.2021.103895
https://doi.org/10.1016/j.earscirev.2021.103895
https://doi.org/10.1016/j.earscirev.2019.103035
https://doi.org/10.1016/j.earscirev.2019.103035
https://doi.org/10.1016/j.earscirev.2019.103035
https://doi.org/10.1016/j.petrol.2020.107685
https://doi.org/10.1016/j.petrol.2020.107685
https://doi.org/10.1016/j.apenergy.2017.09.015
https://doi.org/10.1016/j.apenergy.2017.09.015
https://doi.org/10.3969/j.issn.1672-7703.2008.05.001
https://doi.org/10.3969/j.issn.1672-7703.2008.05.001
https://doi.org/10.1016/j.earscirev.2018.02.018
https://doi.org/10.1016/j.earscirev.2018.02.018
https://doi.org/10.1016/j.earscirev.2018.02.018
https://doi.org/10.13225/j.cnki.jccs.CN23.0316
https://doi.org/10.13225/j.cnki.jccs.CN23.0316
https://doi.org/10.13225/j.cnki.jccs.CN23.0316
https://doi.org/10.1016/j.coal.2011.04.011
https://doi.org/10.1016/j.coal.2011.04.011
https://doi.org/10.1007/s13202-020-00847-y
https://doi.org/10.1007/s13202-020-00847-y
https://doi.org/10.4324/9780429449369-12
https://doi.org/10.4324/9780429449369-12
https://doi.org/10.3321/j.issn:1000-6915.2005.16.023
https://doi.org/10.3321/j.issn:1000-6915.2005.16.023
https://doi.org/10.13199/j.cnki.cst.2021.11.002
https://doi.org/10.13199/j.cnki.cst.2021.11.002
https://doi.org/10.13199/j.cnki.cst.2021-0843
https://doi.org/10.13199/j.cnki.cst.2021-0843
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011

XVTIESE: R 55 20 TR 2E4) Vol. 8, No. 2(2026): 023542

[24] £

[25]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

[33]

uation and source-sink matching[J]. Journal of South Chi-
na Normal University(Natural Science Edition), 2025,
57(1): 100—112.

TR, R TP F CO, 1R R R IBCRB AR I
ARON. BB, 2010, 12(6): 125-129.
WANG Xiaofeng, ZHU Weiping. Reviews on CO, injec-
tion to increase coalbed methane recovery[J]. Resource &
Industries, 2010, 12(6): 125—129.

AT, RNV, K18, 5. “RUK” SR T iR EAA R
FAORBEERIER]. b st v ER A 2 22 I 55 R AR A

W TR R, 2025,
SU X, LIU S, ZHANG L, et al. Wellbore leakage risk
management in CO, geological utilization and storage: a
review[J]. Energy Reviews, 2023, 2(4): 100049.
LI X, WEI N, LIU Y, et al. CO, point emission and geo-
logical storage capacity in China[J]. Energy Procedia, 2009,
1(1): 2793-2800.
WK, PMBEIRE, J7 7. B2 CO, M BT 7 M O LT
FE]. B S HER, 2023, 51(2): 146-157.
YAO Yanbin, SUN Xiaoxiao, WAN Lei. Micro-mecha-
nism of geological sequestration of CO, in coal seam[J].
Coal Geology & Exploration, 2023, 51(2): 146—157.
FLERF, M, XE, . RREHEA D CO, B 7EpFo
U] B4 510 T, 2024, 49(3): 87-96.
BAO Qi, YE Hang, LIU Qi, et al. Research progress on
CO, storage in different geological formations[J]. Low-
Carbon Chemistry and Chemical Engineering, 2024,
49(3): 87-96.
WANG F, DREISINGER D B, JARVIS M, et al. The
technology of CO, sequestration by mineral carbonation:
current status and future prospects[J]. Canadian Metallur-
gical Quarterly, 2017, 57(1): 46—58.
Wgnkili, th, %55, 45, WS K CO, B 5 1 TS
AR SIAR B Fp AR (0 SR TR R . i b BT 5o
e, 2023, 30(2): 53-67.
JU Binshan, YANG Yi, YANG Yong, et al. Present re-
search situation and key pending issues of CO, flooding
and geological storage mechanism in high water-cut reser-
voirs[J]. Petroleum Geology and Recovery Efficiency,
2023, 30(2): 53—67.
XAE, B2, AEMR, 5. FNSL CO, HFTE AR J1iTHr
T AT BUR[T]. A E ST A, 2021, 8(4): 101-108.
LIU Ting, MA Xin, DIAO Yujie, et al. Research status of
CO, geological storage potential evaluation methods at
home and abroad[J]. Geological Survey of China, 2021,
8(4): 101-108.
ARAESC, RRISC, A, 5. SRRk BB A7 eI 45 b
1K 2 KOS B PR I SE[0). 28 U2 WF 5T, 2023, 43(2):
523-550.
QI Shengwen, ZHENG Bowen, LU Wei, et al. Investiga-

[35]

[37]

[38]

[42]

023542—-16

tion of indexes system and suitability evaluation for car-
bon dioxide geological storage site[J]. Quaternary Sci-
ences, 2023, 43(2): 523-550.

BACHU S, BONIJOLY D, BRADSHAW J, et al. Phase
II, final report from the task force for review and identifi-
cation of standards for CO,
estimation[R]. 2007.

GOODMAN A, HAKALA A, BROMHAL G, et al. US

DOE methodology for the development of geologic stor-

storage  capacity

age potential for carbon dioxide at the national and region-
al scale[J]. International Journal of Greenhouse Gas Con-
trol, 2011, 5(4): 952-965.

ZHU W, LIU S, ZHANG X, et al. Coupled coal-gas inter-
action during CBM and CO,-ECBM recovery in coal
seams: a critical review[J]. Geomechanics and Geo-
physics for Geo-energy and Geo-resources, 2022, 8(6): 195.
XAy, 7R, i, . ST Z YRR A SR Y
)7 CO,-ECBM BUERAUNIFE[T]. HERFHFHAR, 2019,
47(9): 51-59.

LIU Shiqi, FANG Huihuang, SANG Shuxun, et al. Nu-
merical simulation study on coal seam CO,-ECBM based
on multi-physics fields coupling solution[J]. Coal Science
and Technology, 2019, 47(9): 51-59.

IO, PP, Teth, A5 BRER R A S (BRI 5 4 v
M RERE AR [T]. S 2AR, 2025, 50(5): 2333-2354.

LI Wenping, CAO Danping, QIAO Wei, et al. Key tech-
nologies for exploration and geological evaluation of deep
carbon storage spaces[J]. Journal of China Coal Society,
2025, 50(5): 2333-2354.

TRSFA, R, R, 4. CO, JRAEZ SO HB AR &
B[] B4, 2022, 47(11): 3952-3964.

ZHANG Shouren, SANG Shuxun, WU lJian, et al.
Progress and application of key technologies for CO, en-
hancing coalbed methane[J]. Journal of China Coal Soci-
ety, 2022, 47(11): 3952—-3964.

XIPEIR, BURER, XU, 45, B2 R~ B i
T 11 -] A S AR (0], @ B 5T 5 0 R, 2021,
41(6): 97-104.

LIU Zeyuan, WEI Chenhui, LIU Shuyuan, et al. A gas-
solid-thermal coupling model for desorption-diffusion-
seepage process of coal-bed methane[J]. Mining Research
and Development, 2021, 41(6): 97—104.

LT, W, PG4, 45 BERTE CO, B CH, 52 A
I O SE0). A B o e R, 2022, 32(4):
113—121.

JIANG Yanhang, BAI Gang, ZHOU Xihua, et al. Experi-
mental study on influence factors of CH, displacement by
CO,[J]. 2022, 32(4):
113-121.

FAN C, ELSWORTH D, LI S, et al. Thermo-hydro-me-

China Safety Science Journal,


https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.6054/j.jscnun.20250011
https://doi.org/10.3969/j.issn.1673-2464.2010.06.024
https://doi.org/10.3969/j.issn.1673-2464.2010.06.024
https://doi.org/10.3969/j.issn.1673-2464.2010.06.024
https://doi.org/10.1016/j.enrev.2023.100049
https://doi.org/10.1016/j.egypro.2009.02.051
https://doi.org/10.3969/j.issn.1001-1986.2023.02.011
https://doi.org/10.3969/j.issn.1001-1986.2023.02.011
https://doi.org/10.13673/j.cnki.cn37-1359/te.202208001
https://doi.org/10.13673/j.cnki.cn37-1359/te.202208001
https://doi.org/10.13673/j.cnki.cn37-1359/te.202208001
https://doi.org/10.19388/j.zgdzdc.2021.04.11
https://doi.org/10.19388/j.zgdzdc.2021.04.11
https://doi.org/10.11928/j.issn.1001-7410.2023.02.19
https://doi.org/10.11928/j.issn.1001-7410.2023.02.19
https://doi.org/10.11928/j.issn.1001-7410.2023.02.19
https://doi.org/10.11928/j.issn.1001-7410.2023.02.19
https://doi.org/10.1016/j.ijggc.2011.03.010
https://doi.org/10.1016/j.ijggc.2011.03.010
https://doi.org/10.1016/j.ijggc.2011.03.010
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.1007/s40948-022-00477-0
https://doi.org/10.13199/j.cnki.cst.2019.09.003
https://doi.org/10.13199/j.cnki.cst.2019.09.003
https://doi.org/10.13199/j.cnki.cst.2019.09.003
https://doi.org/10.13225/j.cnki.jccs.2025.0527
https://doi.org/10.13225/j.cnki.jccs.2025.0527
https://doi.org/10.13827/j.cnki.kyyk.2021.06.018
https://doi.org/10.13827/j.cnki.kyyk.2021.06.018
https://doi.org/10.13827/j.cnki.kyyk.2021.06.018
https://doi.org/10.16265/j.cnki.issn1003-3033.2022.04.017
https://doi.org/10.16265/j.cnki.issn1003-3033.2022.04.017

XTI % KA 5 5 2P ] T4 Vol. 8, No. 2(2026): 023542

[43]

[44]

[45]

[46]

[47]

(48]

[49]

chanical-chemical couplings controlling CH, production
and CO, sequestration in enhanced coalbed methane re-
covery[J]. Energy, 2019, 173: 1054—-1077.

ARG IR, MRREIR, XVE, 55, 4% o S R 24 ST X 22
TR FL ELIRB R B R E RIBLIRI (D], P9 R R
2, 2019, 39(3): 461468, 482.

SONG Haoran, LIN Baiquan, ZHAO Yang, et al. Effect
mechanism of anisotropy and heterogeneity on gas seep-
age during coal seam drainage[J]. Journal of Xi'an Univer-
sity of Science and Technology, 2019, 39(3): 461468, 482.
LIU J, CHEN Z, ELSWORTH D, et al. Interactions of
multiple processes during CBM extraction: a critical re-
view[J]. International Journal of Coal Geology, 2011,
87(3): 175-189.

Iy, BIE, 236 H1, 45, TER CO, B P2 0K
ISWEE[]. MEaR24R, 2017, 42(8): 2044-2050.

LI Li, LIANG Weiguo, LI Zhigang, et al. Experimental
invesigation on enhancing coalbed methane recovery by
injecting high temperature CO,[J]. Journal of China Coal
Society, 2017, 42(8): 2044—2050.

BHURLL, AR, fR, 55, 11 CO, IR Z Tl R i 5
W R 2243 AT (0], 3L T A I TR 22447, 2015, 35(6): 38~
41.

XIE Qihong, SHAO Xianjie, ZHAN Nan, et al. Influenc-
ing factors of coal-bed methane recovery by CO, injec-
tion[J]. Journal of Liaoning Petrochemical University,
2015, 35(6): 38—41.

i, S e, R, 55, SURTT 5 T IR Z MR 2 )
FH T B A7 10 5 T ) R ). b0 R B R, 2024(2):
6-11.

MA Xianfeng, MA Bolong, TANG Guohang, et al. Sever-
al issues on carbon sequestration in deep underground
space under the background of carbon peaking and car-
bon neutrality[J]. Shanghai Construction Science & Tech-
nology, 2024(2): 6—11.

SE, R, TK%E, 45 BiIR A Co, I M
TIPS SN SR AT S T]. A A 1S TR
%, 2023, 42(11): 2727-2738.

WU Tao, LIANG Weiguo, YU Yongjun, et al. Experi-
mental study of loading strain rate effect on mechanical
properties of supercritical CO, soaked coal rock[J]. Chi-
nese Journal of Rock Mechanics and Engineering, 2023, 42
(11): 2727-2738.

ol RERHR, BT il 5 CO, VT A by 5
D) AL p AIE 5 A K R[], 0%~ 41, 2023, 48(12):
4487-4498.

WEI Jie, CHEN Yuedu, LIANG Weiguo, et al. Shear
hardening characteristics and constitutive model of coal
structural plane after supercritical CO, soaking[J]. Journal
of China Coal Society, 2023, 48(12): 4487-4498.

[50]

[53]

[57]

[59]

023542—-17

RESCAR, VIR, TRATIR, 45, XUk TS 5 T b E CCUS
AR R SR 5 @), A1l R (falon ), 2025,
41(5): 1202—-1210.

XIONG Wenjie, TU Yuandong, ZHANG Jingxin, et al.
Current status and strategic suggestions for the develop-
ment of CCUS technology under the dual carbon goals in
China[J]. Acta Petrolei Sinica (Petroleum Processing Sec-
tion), 2025, 41(5): 1202—1210.

BIRZR, XKL, BoRW, 4. CO, HiFtEH7 TR R TEAE
Hb J5T B8 9 KU K B 0 )] BT IR, 2011,
57(5): 700-706.

CUI Zhendong, LIU Daan, ZENG Rongshu, et al. Poten-
tial geological and environmental risks and its prevention
measures for CO, geological storage projects[J]. Geologi-
cal Review, 2011, 57(5): 700—706.

ZARh, XVHEER, SRt 58 UMb B 377 2R 85 KU
VA Y 23 )9 LA E 5 2 T SED]. R TR, 2018,
36(2): 27-32.

LI Qi, LIU Guizhen, CAI Bofeng, et al. Principle and
methodology of determining the spatial range of environ-
mental risk assessment of carbon dioxide geological stor-
age[J]. Environmental Engineering, 2018, 36(2): 27-32.
A, NN, BRH, 8. 8RR 5= 7 sk Py 31
s I AR W 5 E 5 6 R BR(0]. v [ D, 2025,
52(1): 159-179.

ZHANG Yuehua, LIU Yan, LYU Qingtian, et al. Progress
and prospect of geophysical monitoring technology for
carbon dioxide geological storage[J]. Geology in China,
2025, 52(1): 159-179.

FANG Z, YANG C, WANG R. Monitoring technologies
for CO, storage in coal seams and enhanced coalbed
methane recovery: a review of field applications[J]. Fuel
Processing Technology, 2025, 276: 108274.

XAy, B, FREGR, 55, CO, HuFi B /7 5 R 7R
TR R e MR G2 451 43 A ). S FH b S B, 2023,
51(2): 158-174.

LIU Shiqi, HUANG Fansheng, DU Ruibin, et al. Progress
and typical case analysis of demonstration projects of the
geological sequestration and utilization of CO,[J]. Coal
Geology & Exploration, 2023, 51(2): 158—174.

REEVES S, OUDINOT A. The Allison Unit CO,-ECBM
pilot-a reservoir and economic analysis[C]. International
Coalbed Methane Symposium, Tuscaloosa, 2005: 16—20.
GUNTER B. Alberta field pilot to test CO, enhanced
coalbed methane recovery[J]. Chemical Technology Bed-
fordview, 2004: 31-34.

VAN W W, MAAS J G. Reservoir simulation and inter-
pretation of the RECOPOL ECBM npilot in Poland[R].
2007.

FUJIOKA M, YAMAGUCHI S, NAKO M. CO,-ECBM


https://doi.org/10.1016/j.energy.2019.02.126
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0311
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0311
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0311
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0311
https://doi.org/10.13800/j.cnki.xakjdxxb.2019.0311
https://doi.org/10.1016/j.coal.2011.06.004
https://doi.org/10.13225/j.cnki.jccs.2016.1612
https://doi.org/10.13225/j.cnki.jccs.2016.1612
https://doi.org/10.13225/j.cnki.jccs.2016.1612
https://doi.org/10.3969/j.issn.1672-6952.2015.06.009
https://doi.org/10.3969/j.issn.1672-6952.2015.06.009
https://doi.org/10.3969/j.issn.1005-6637.2024.02.002
https://doi.org/10.3969/j.issn.1005-6637.2024.02.002
https://doi.org/10.3969/j.issn.1005-6637.2024.02.002
https://doi.org/10.3969/j.issn.1005-6637.2024.02.002
https://doi.org/10.13225/j.cnki.jccs.2023.0774
https://doi.org/10.13225/j.cnki.jccs.2023.0774
https://doi.org/10.13225/j.cnki.jccs.2023.0774
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005
https://doi.org/10.3969/j.issn.1001-8719.2025.05.005

XTI % R4 5 5 2P ] T4 Vol. 8, No. 2(2026): 023542

[60]

(61]

[62]

[63]

[64]

[65]

[66]

[67]

field tests in the Ishikari Coal Basin of Japan[J]. Interna-
tional Journal of Coal Geology, 2010, 82(3): 287—298.
PAN Z, YE J, ZHOU F, et al. CO, storage in coal to en-
hance coalbed methane recovery: a review of field experi-
ments in China[J]. International Geology Review, 2018, 60
(5/6): 754-7176.

WS, 1 =R, AR, A U0 K R R R T A A
PR ACRWCR M e IS 0], A4,
2007, 28(4): 77-80.

YE Jianping, FENG Sanli, FAN Zhiqgiang, et al. Micro-pi-
lot test for enhanced coalbed methane recovery by inject-
ing carbon dioxide in south part of Qinshui Basin[J]. Acta
Petrolei Sinica, 2007, 28(4): 77-80.

M, 5K EE, WONG Sam. L1 78 07K 735 i il b [X
3HBZTE SRR CO, 42 M2 URICRIKERAEAN ().
rRE TRERE, 2012, 14(2): 38—44.

YE Jianping, ZHANG Bing, WONG Sam. Test of and
evaluation on elevation of coalbed methane recovery ratio
by injecting and burying CO, for 3# coal seam of north
section of Shizhuang, Qingshui Basin, Shanxi[J]. Strate-
gic Study of CAE, 2012, 14(2): 38—44.

A, SR, EhAAls, S RIBZRIF CO, TSR RR
e S 0GB 2 OB R S 0], BE 2 41, 2016, 41(1):
149-155.

YE lJianping, ZHANG Bing, HAN Xueting, et al. Well
group carbon dioxide injection for enhanced coalbed
methane recovery and key parameter of the numerical
simulation and application in deep coalbed methane[J].
Journal of China Coal Society, 2016, 41(1): 149—155.
S, e T, XUHEAT, A5 KO R AR A i
CCUS 7 A MF 5 J5& 5 11 B (7], KAR Lk, 2024,
44(12): 187-198.

SANG Shuxun, TENG Weiwei, LIU Shiqi, et al. Re-
search progress and prospects of large-scale full process
CCUS technology in power plants[J]. Natural Gas Indus-
try, 2024, 44(12): 187-198.

AR, XIHEAY, 300, 5 REEE CO, s BT S
P ERATT A REBE AT M. L st BHEE IR
1, 2020.

RIS, GBI, R TR 22T R A
)], W4T IR, 2024(16): 144—149.

LI Linling, JIN Taosheng, ZHAO Xing. Reflections on the
construction of a multi-level carbon market system in Chi-
na[J]. Finance and Accounting Monthly, 2024(16):
144-149.

BEATT . WA Gy AL XA T L s HEBOR ) 52
WABFFE[T]. H SR, 2024, 50(10): 1-7.

LIANG Dongqing. Research on the influence of carbon
emission trading mechanism on carbon emission reduction
effectin coal industry[J]. China Coal, 2024, 50(10): 1-7.

[68]

[69]

[70]

[74]

023542—-18

FH . IR 5 MM TE BT RS SR (D). BHEAR
AT, 2024, 37(7): 195-199.

WANG Lixin. A review on the formation mechanism of
carbon trading prices in China[J]. Science & Technology
Entrepreneurship Monthly, 2024, 37(7): 195—199.
TRREE, ZUINR, 2205, 55 28 2 BUR M I HERL ] 1
FAT b 5 Bk >k B AR BR L 20 53581 TR TEDE[T]. PR5E
B2, 2025, 46(9): 1-15.

YU Xinxin, JIANG Mingdong, LI Jianan, et al. Emission
reduction mechanism of carbon trading policy and indus-
try heterogeneity: evidence from inter-provincial industri-
al sub-sectors[J]. Environmental Science, 2025, 46(9): 1—
15.

XUHGG, B, ART2R, 4. srrh AKEh T CCUs i 3 1
Fb 32 5y T 3 (0 S B (B RURIXS 58 43 B (3. v [l R L T
274, 2021, 41(14): 4731-4739.

LIU Muxin, LIANG Xi, LIN Qianguo, et al. Key issues
and countermeasures of CCUS projects linking carbon
emission trading market under the target of carbon neu-
trality[J]. Proceedings of the CSEE, 2021, 41(14):
4731-4739.

FU C, LIU N. Waterless fluids in hydraulic fracturing-a
review[J]. Journal of Natural Gas Science and Engineer-
ing, 2019, 67: 214-224.

FHFRE, ZERLAE, RO, AF. RIG A CO, IR ARIRY
JEER[T]. A1ilsdR, 2020, 41(1): 116-126.

WANG Haizhu, LI Gensheng, ZHENG Yong, et al. Re-
search status and prospects of supercritical CO, fracturing
technology[J]. Acta Petrolei Sinica, 2020, 41(1): 116—126.
JARAR, 5K)VE. RIS CO, B35 S 2LEN BT Y45
W] AmEREER, 2020, 5(2): 239-253.

ZHOU Dawei, ZHANG Guanggqing. A review of mecha-
nisms of induced fractures in SC-CO, fracturing[J].
Petroleum Science Bulletin, 2020, 5(2): 239-253.
MIDDLETON R S, CAREY J W, CURRIER R P, et al.
Shale gas and non-aqueous fracturing fluids: opportuni-
ties and challenges for supercritical CO,[J]. Applied Ener-
gy, 2015, 147: 500—-509.

HOU L, ZHANG S, ELSWORTH D, et al. Review of fun-
damental studies of CO, fracturing: fracture propagation,
propping and permeating[J]. Journal of Petroleum Sci-
ence and Engineering, 2021, 205: 108823.

LIU S, ZHU W, ZHANG X, et al. A breakdown pressure
model for supercritical CO, fracturing considering fluid
infiltration effect using the point stress criterion[J]. Engi-
neering Fracture Mechanics, 2024, 307: 110294.

XN, R , XUhTE, 55 (R BRI CO, Ik
AR AL G Y IR R A 8 E 1L
41), 2024, 76(6): 70-83.

LIU Shuyuan, ZHU Wancheng, LIU Heyang, et al. Re-



XTI % KA 5 5 2P ] T4 Vol. 8, No. 2(2026): 023542

(78]

[79]

[80]

[81]

(82]

(83]

search progress on fracture initiation and propagation
mechanism in supercritical CO, fracturing of low perme-
ability reservoirs[J]. Nonferrous Metals (Mining Section),
2024, 76(6): 70—83.

ZHU W C, WEI C H, LIU J, et al. A model of coal-gas in-
teraction under variable temperatures[J].
Journal of Coal Geology, 2011, 86(2): 213—-221.
SAMPATH K H S M, PERERA M S A, RANJITH P G,

et al. CO, interaction induced mechanical characteristics

International

alterations in coal: a review[J]. International Journal of
Coal Geology, 2019, 204: 113—129.

RIS, SR, T A . 07K 2 p 3 v s B e s
M BT [J]. K P i 5 R, 2018, 46(5): 10-18,
HAN Sijie, SANG Shuxun, LIANG Jingjing. High pres-
sure methane adsorption of medium and high-rank coal in
southern Qinshui Basin[J]. Coal Geology & Exploration,
2018, 46(5): 10—18.

YU S, BO J, CHONGTAO W, et al. A review on the ap-
plication of molecular dynamics to the study of coalbed
methane geology[J]. Frontiers in Earth Science, 2021, 9:
775497.

HEREF, IR T, U, 45 3 FRTEEE  HLh ST
KB . T 0754, 2021, 38(3): 313-320.
HONG Xiangyu, XU Hengyu, CUI Fenglu, et al. Applica-
tion of molecular simulation in unconventional oil and gas
development[J]. Chinese Journal of Computational Me-
chanics, 2021, 38(3): 313-320.

Wi, JRAE, XUT°. UA AR S TR
R S REE[)]. SR EEROR, 2018, 46(1): 36-44.
CHEN Shangbin, ZHANG Chu, LIU Yu. Research
progress and prospect of shale gas occurrence and its

molecular simulation[J]. Coal Science and Technology,

[85]

(87]

(88]

023542—-19

2018, 46(1): 36—44.

WANG J, CHEN Y, YAO H, et al. Study on directed
modification mechanism of surface functional groups of
anthracite by supercritical CO, for improved adsorption
[J]. Fuel, 2025, 386: 134196.

BEEA, SRR BT, B A T B AR R
¢ R ZR R[], M F &S [H] 5 T AR 44k, 2024, 20(S1):
497-507.

LIAO Zhiwei, YANG Junmin, ZHONG Xiangyu, et al.
Review on research progress of carbon dioxide geological
sequestration technology[J]. Chinese Journal of Under-
ground Space and Engineering, 2024, 20(S1): 497-507.
Wb A, SRFERIE, B R, A T AR AL R ST
SRWFFEHE R [T]. B4 42, 2022, 53(10): 32-43.

SA Zhanyou, WU Jingbo, LU Weidong, et al. Research
progress of enhanced coalbed methane exploitation by
carbon dioxide injection[J]. Safety in Coal Mines, 2022, 53
(10): 32—43.

SR L, AR AR, SO Bk IR TR RN CCUS
Pl K JE BUIR R ok K S s W5 0], IR R 5
i 2025, 50(4): 23-28.

GUO Baihong, GU Xuehua, ZHAO Wenjing. Current sta-
tus and future strategies of CCUS industry under back-
ground of carbon peak and carbon neutrality[J]. Environ-
mental Science and Management, 2025, 50(4): 23—28.

X s, TN, ST AE, 55 HEsh b gE | fik
N R R R G BOER RIS RS, 4k Tk R, 2025,
44(9): 4879-4897.

LIU Kefeng, DONG Weigang, HU Xuesheng, et al. Poli-
cies and measures to promote the development of
CCUSJ[J]. Chemical Industry and Engineering Progress,
2025, 44(9): 4879—4897.



	1 CO2-ECBM科学层面研究进展
	1.1 煤层CO2封存机制
	1.2 煤层地质封存容量评估
	1.3 注入压力动态调控机制
	1.4 CO2驱替CH4效率的影响因素
	1.5 煤层CO2封存的结构稳定性及其监测评估

	2 CO2-ECBM应用层面研究进展
	3 CO2-ECBM政治经济层面研究进展
	4 研究热点与未来展望
	4.1 中英文研究热点聚类分析
	4.2 中英文研究主题的时间演化特征
	4.3 中英文关键词突现与热点演变
	4.4 未来展望

	5 结　论
	参考文献

