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Abstract: To achieve the goals of carbon peaking and carbon neutrality under the backgrounds of poor resource endowments, weak
theoretical basis and other factors, the development of China’s coalbed methane industry faces many bottlenecks and challenges. This
paper systematically analyzes the coalbed methane resources, key technologies and progress, exploration effect and production
performance in China and abroad. The main problems are summarized as low exploration degree, low technical adaptability, low return
on investment and small development scale. This study suggests that the coalbed methane industry in China should follow the “two-step”
(short-term and long-term) development strategy. The short-term action before 2030, can be divided into two stages: (1) From the present
to 2025, to achieve new breakthroughs in theory and technology, and accomplish the target of annual production of 10 billion cubic
meters; (2) From 2025 to 2030, to form the technologies suitable for most geological conditions, further expand the industry scale, and
achieve an annual output of 30 billion cubic meters, improving the proportion of coalbed methane in the total natural gas production. The
long-term action after 2030 is to gradually realize an annual production of 100 billion cubic meters. The strategic countermeasure to
achieve the above goals is to adhere to “technology+management dual wheel drive”, realize the synchronous progress of technology and
management, and promote the high-quality development of the coalbed methane industry. Technically, the efforts will focus on fine and
effective development of coalbed methane in the medium to shallow layers of mature fields, effective development of coalbed methane in
new fields, extensive and beneficial development of deep coalbed methane, three-dimensional comingled development of coalbed methane,
applying new technologies such as coalbed methane displacement by carbon dioxide, microwave heating and stimulation technology,
ultrasonic stimulation, high-temperature heat injection stimulation, rock breaking by high-energy laser. In terms of management, the
efforts will focus on coordinative innovation of resource, technology, talent, policy and investment, with technological innovation as the
core, to realize an all-round and integrated management and promote the development of coalbed methane industry at a high level.



670 - Vol. 50 No.4

Key words: coalbed methane; industry status; strategic goal; development countermeasures; combined gas mining; enhanced recovery;

in-situ conversion

E1N:E s R , . [J]. , 2023, 50(4): 669-682.
XU Fengyin, HOU Wei, XIONG Xianyue, et al. The status and development strategy of coalbed methane industry in Chinal[J].
Petroleum Exploration and Development, 2023, 50(4): 669-682.

0
2000
2009 95%x10 m*
2018
2000 m 51)(108 m3 [4]
30.05x10" m’ 3 1
40
2014
2018
393x10% m®
°c 7 400x10° m’ 1
=51 2021 [4]
(¥ 3 7 (X3 3 @
— ®)
6-7 01 2 000 m
10.1x10* m’ B3] ®
1.2 ERARIIK
“ 7z 121 ZR AL
(¥ 3 Y 1983
1996
2003
1 2005
1.1 BB i
20 80 2008 9
2008 556.71x
108 m? 2008
2018 27 6]
260x10% m3 200x10% m? 122 FRE

2000 (7



2023 8 671
2 000 m 30.05x10" m* 97% 96%* @
12.5%10"? m’ 5 CH, Cco, 25
46.3% 2019 303.92x
25.9% 10° m? 2014 42.89%x10* m’ CO,
71.31x10° ! 3
1.2.3 B RAZFHR T AL 2020 3 163x
10° m’ 2025 4200x10% m’ 2035
<« >? i 6 000x10° m’ (101
[2]
2010 15x10° m’® 12x10% m®
50x10° m®  31% 2015 44x10% m’ 1.3 EREEBS I Eih X ERAHRE
38x10° m’ 160x10° m’
27.5% 2020 67x10° m* 62x10° m* 40
100x10°m®  67%
i 140% “*
. 23,89 = .
7.5%
*z1 “+—R" 2 “+=Z8" EESAXNBEHRERBERAE
/ /
/10 m® 10% m® 10% m?
- " ?Zgg T‘S’ f‘z’ 13.1 AR B B A AL
= = 107000 760 760 1.3.1.1 A st &M BRI K18 ix A
3504 44 38
“< 77 4200 100 90
1839 67 62
1.2.4 Fr& A A % &R (11-12]
@®
77 @® 18
2007 2020 7 3
97% 9 3 2

®2 BESERBEMREREAR. EAREMARLRE!




672

Vol. 50

No.4

*®3 BESFRTFNIERERTSHAER

®
/ 5 16
[ R Or R |
|
[ [ | | |
FRFE| (o erens] [T T 00RE| [FEWAEE| PR
mghs| |7 PRI ety | [t |mongh
pn %
= ] B
E 37, z A~
B L
I
L, T AR A R

{
[ EUA2 X R4 st A o 3 |
B 1 RESF.istriERE"

I

2
[ ] Rl R,
B

FpEAT

| - | -
Arisg| [spmu|| 0| | ) JRER SR
ﬁﬁ %@ﬁw ] ﬁ | ]
x| (ot &) Bax || R T
S| (W || Ho % | B |IETEM | |ECEAR
Tefedr e
G Imiﬂg;gi ‘| HE -HL J]Lla IW
Iy RSB AEERR SR
I

|
LF5 e I R & S e R |

B2 BESHNIFEMAERTER"

43 192

108 m?

1.3.1.2 W EA M sk 8K

5%

[13]
35%
24.6% —
32%
1.3.1.3 EREKEHA
@cr. E ]



53.4% 108.7%

2023 8 673
65r | K125 m m2FEK 150 m liiﬁt’:175m|
cc 4 + >> (1, 14] = 6.0
3 =55
=
g*ﬁs.o
e
‘" 45
= i m | [ " | [ | [ TEA qu
. ) ik lé’@—] H WEH FH%H VEN |ﬁF§| 40 7 8EX 9B 10Bt 11Br 12Br 13BX 14B 15EX:
[LESEE e v PR 4E 4E ME 4 3R 3E 3B 3k 38
R L TR BORGER
EZREIS] EEEREATH B4 FAEDEEGT S EEZTFELEE
LRZH 38.8%
SR _
I RAE 10 )
CHaJr? ]
RS 3 3
AL 5 2 000 m 10 000 m
e [ | [EA [ EA | [op =5
v [ RE B0 | om0 314 R AR A
3.1, = X
ORBEE . LR, BER, OFNS . WA, OfFHl;
@BRRTT; ORI ORIERE. BYES; DR ; @
MR @RI, WA . B
&3 AFREBEEIZERERREE
@ss 3 @
cc 23 [15]
@)
500 m’ 8~12 m’/min
16~22 m’/min
®
SRV 50 90%
®
5
1 000 m
9 10
4
3 1-4
11.6 781 m®
3070 m®



674 - Vol. 50 No.4
534 d 761 d
42.42% 1198 905 /
24.46% 40.55%
@ [
<< >> 5.4%
1323 HEE £ BE& KM AT LA
5 [16]
cc + + + i 0.2~1.0 m
[17] 3
15
T “ 3
| 15 5000 m’/d 9
A l 4500 m’/d
l 1324 Hy Xz REEAMEF LA
o
FEFEAL TR (18]
TG R
i ® )
HTE G 7
AL ®
Es5 SEaERAEISRITRER cc(7>
1.3.2 K& @
1.3.2.1 KEBZKFH N AHBEHREAHEA
<< i 33.3% ©@
11.30%
[1] cc > cc >3
3 34 cc 9 @
5 60 3 ®)
207.9 m 0.40~0.49 m ® 1 500 m
1500 m
1.3.2.2 %R E AR AR T HA 1.4 RE (B) EESHMRERFLBY
2015

1 500 m 2015



2023 8

1500 m

[20] 65 C
127.28 kg/m®

2020—2021

10° m’
1 000x10% m®
01
3 000 m’
18 m’/min 2021 12
10.1x10* m?
1 400x10* m®

2 000 m

40><1012 1'1'13 [21]

30.05x10"% m®

4 [19]

22 MPa

50%

1 121.62x
2 000 m
6-7

350 m®
260

5.82x10* m®
2 000 m

1500 m

2.1 ENIRIEE IR

2021
2.29%
9
31% 37% 32%
9.47x10% m®

2000 m

2.2 FARENME
221 WREMHE 2

2.2.2 RABARLF R

100

1 500~2 000 m

31.51%

223 PRI (B) KREMHFRMERYS

2.2.4 R (&) BERBIRT LA FTARSME, #HA

[22]



676 - Vol. 50 No.4
<< + i EUR
2021
566.9x10° m*> 2021
“= i 82.9x10° m’
4 2021
4%
2.5 BEEAESE
[1,2,23]
3
3.1 “WER” B TRIRERSH
2.3 HAMEREKE 2020 CO, 98.94x10% t
2012 30.93% 49.8x10% t
6.36x10*  /km? 26.13%
1 000x10° 15.66%!* << i
142x10% m%/a
58% 2030
500 m® 5
50% (2512030

2.4 RRAEN

2030



2023 8

677

42.2x10% t 60.3x10° t 2060

2060
7.1% 19.7%
73.2% 6

[ i m RIS /Kl Bk XU KRR - Bftb ) A AU
457

i
w o
a8

-

VRTINS B4t/ 10° th
a8 X8

—_
(=}
T

_.zj-(‘
W

O 1 1 1 L L L 1 J
2020 2025 2030 2035 2040 2045 2050 2055 2060
03

Elo sE—RERHEREQEEE
3.2 MRRASR (RES) KRFE “Wik” BiF

2021 3 726x10° m®
9.5%!4! 54%
46% 2000—2021 164x10% m?
13%

7 000x10° m®

SO, CO, NOx 100% 40%
50%

CO,

50% “ 77

4000
. 3500
= 3000
5 2 500
E; 2000 F
£ 1500
= 1000
T 500 f

0 1 1 1 1 1 1 1 1 1 1 J
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065
FE0)

7 hEXRRSEREEEHE
33 RESIL R

[4, 6]

1 2030
2025
i 100x10% m?
2030

300x10% m?

2
1 000x10® m®

4

4.1 FXEI (B) BESBABNF L
411 2REEAH BT L

EUR

2030



Vol. 50

No.4

678
®
©®
4.1.2 # R #ARBRBEE A AP A
1.0x10"* m’ 10

25.55x10" m?
85.02%!"!

9.32x10"  11.12x10"
9.62x10"? m* 31% 37%  32%7

17, 26]

42 RE (B) RESARY@TFL

1500 m

[2,3,27]

® e

[28]

@



2023 8 679

C02 CH4 2~
10 CO,
43 BR “Z54X" ATk CH, CO, CH,
CH,
60% (29] CO,
— gt 5 Cco, CH,
CO, CH,
2x102 m?
[34]
[30]
®
®) 20 KHz
®
[35]
[31] @
1
4.4 REERWERREE (B) RAIZELEAR
7
[36]
MECBM 300 °C
( )
[32]
CO,-ECBM [37)

[33]

CO,-ECBM
UCG



680

Vol. 50 No.4

4.5 EIBXK

40

[38]

30.05x10"? m?

1 2030
1 2025
Y3 > 8 3
100x10° m
2 2030
300x10° m’
2 2030 1 000x
10° m’
cc +
kA 4
|
SE -
(1] , , ,
[]. ,2022, 50(3): 1-14.
XU Fengyin, YAN Xia, LIN Zhenpan, et al. Research progress and
development direction of key technologies for efficient coalbed
methane development in China[J]. Coal Geology & Exploration,
2022, 50(3): 1-14
(2] ; , , “ 7

[J1]. , 2022, 42(6): 173-178.
MEN Xiangyong, LOU Yu, WANG Yibing, et al. Development
achievements of China’s CBM industry since the 13th Five-Year Plan



2023 8

681

[3]

[4]

(3]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

and suggestions[J]. Natural Gas Industry, 2022, 42(6): 173-178.
) , yo ()
[J1. , 2023, 51(1):
115-130.
XU Fengyin, YAN Xia, LI Shuguang, et al. Difficulties and
countermeasures in theory and technology of deep CBM exploration
and development in the eastern edge of Ordos Basin[J]. Coal
Geology & Exploration, 2023, 51(1): 115-130.
[J1. , 2021, 46(1): 65-76.
SUN Qinping, ZHAO Qun, JIANG Xinchun, et al. Prospects and
strategies of CBM exploration and development in China under the
new situation[J]. Journal of China Coal Society, 2021, 46(1): 65-76.
, , , . [7.
,2012, 21(9): 24-28.
XU Jifa, WANG Shenghui, SUN Tingting, et al. The introduction of
world CBM development[J]. China Mining Magazine, 2012, 21(9):
24-28.

[J]. , 2021, 26(3): 9-18.
XU Fengyin, WANG Bo, ZHAO Xin, et al. Thoughts and suggestions
on promoting high quality development of China's CBM business
under the goal of “double carbon”[J]. China Petroleum Exploration,
2021, 26(3): 9-18.
[J1. , 2018, 43(6): 1598-1604.
ZHANG Daoyong, ZHU Jie, ZHAO Xianliang, et al. Dynamic

assessment of coalbed methane resources and availability in China[J].

Journal of China Coal Society, 2018, 43(6): 1598-1604.
, . 20
[7]. , 2021, 49(4): 134-141.
WANG Enyuan, WANG Yibo, et al.

> >

ZHANG Chaolin,
Spatial-temporal distribution of outburst accidents from 2001 to 2020
in China and suggestions for prevention and control[J]. Coal
Geology & Exploration, 2021, 49(4): 134-141.
[J1. , 2021, 37(7): 176-182.

LIU Junbo, XU Xiangyang, HUO Zhijia, et al. Influence of coal
pattern change on coal mine methane emission in China[J].
Ecological Economy, 2021, 37(7): 176-182.
«“ ” [J1.

,2021, 28(1): 10-19.
XU Bo, JIN Hao, XIANG Yue, et al. Analysis of natural gas

5 B 5

consumption trend in China during the 14th Five-Year Plan[J]. World
Petroleum Industry, 2021, 28(1): 10-19.
[J1. , 2019, 47(10): 205-215.
XU Fengyin, XIAO Zhihua, CHEN Dong, et al. Current status and
development direction of coalbed methane exploration technology in
China[J]. Coal Science and Technology, 2019, 47(10): 205-215.
[J]. ,2023,43(1): 96-112.

XU Fengyin, ZHANG Wei, LI Ziling, et al. Coalbed methane

reservoir description and enhanced recovery technologies in Baode

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

block, Ordos Basin[J]. Natural Gas Industry, 2023, 43(1): 96-112.

[J1. , 2022, 42(6): 1-18.
GAO Deli, BI Yansen, XIAN Baoan. Technical advances in well
types and drilling & completion for high-efficient development of
coalbed methane in China[J]. Natural Gas Industry, 2022, 42(6):
1-18.

[J1. , 2022, 50(3):
165-172.
LI Shuguang, WANG Hongna, XU Borui, et al. Influencing factors
on gas production effect of acid fractured CBM Wells in deep coal
seam of Daning-Jixian Block[J]. Coal Geology & Exploration, 2022,
50(3): 165-172.
“ ” [J1.
, 2021, 48(2): 326-336.
MA Xinhua. “Extreme utilization” development theory of unconventional
natural gas[J]. Petroleum Exploration and Development, 2021, 48(2):
326-336.
: - [J1. , 2022,
50(9): 78-85.
ZENG Wenting, GE Tengze, WANG Qian, et al. Exploration of
integrated technology for deep coalbed methane drainage in full life
cycle: A case study of Daning—Jixian Block[J]. Coal Geology &
Exploration, 2022, 50(9): 78-85.
[J1. ,2022,27(1): 120-126.
MI Honggang, ZHU Guanghui, ZHAO Wei, et al. Application
practice of geology and engineering integration in Panzhuang CBM
Field, Qinshui Basin[J]. China Petroleum Exploration, 2022, 27(1):
120-126.
[J]. , 2022,
50(5): 66-72.
ZHOU Xianjun, LI Guofu, LI Chao, et al. Ground development
technology and engineering application of CBM in coal mine goafs:
A case study of Jincheng mining area in Qinshui Basin[J]. Coal
Geology & Exploration, 2022, 50(5): 66-72.
, , ;o )
[J1. , 2022, 34(4):
30-42.
XU Fengyin, WANG Chengwang, XIONG Xianyue, et al. Deep
(layer) coalbed methane reservoir forming modes and key technical
countermeasures: Taking the eastern margin of Ordos Basin as an
example[J]. China Offshore Oil and Gas, 2022, 34(4): 30-42.

[ , 2022, 50(9): 59-67.
LI Shuguang, WANG Chengwang, WANG Hongna, et al. Reservoir
forming characteristics and favorable area evaluation of deep coalbed
methane in Daning-Jixian Block[J]. Coal Geology & Exploration,
2022, 50(9): 59-67.

> >

[J]. ,2022,47(1): 371-387.



682

Vol. 50 No.4

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

QIN Yong, SHEN Jian, SHI Rui. Strategic value and choice on

construction of large CMG industry in China[J]. Journal of China

Coal Society, 2022, 47(1): 371-387.

e ” [J].
,2017, 44(1): 144-154.

ZOU Caineng, DING Yunhong, LU Yongjun, et al. Concept,

> > 5

technology and practice of “man-made reservoirs” development[J].
Petroleum Exploration and Development, 2017, 44(1): 144-154.
[J1. ,2022,43(1): 15-28.
ZHANG Kang, ZHANG Liqin, LIU Dongmei. Situation of China’s
oil and gas exploration and development in recent years and relevant
suggestions[J]. Acta Petrolei Sinica, 2022, 43(1): 15-28.
[7]. , 2022, 50(2): 1-5.
LIU Mingliang, WEI Hao, GAI Yulong, et al. Current situation and
outlook of primary energy consumption in China, US, EU and the
world[J]. Coal Chemical Industry, 2022, 50(2): 1-5.
. 2060 (2021
)[R]. ,2021.
CNPC ETRI. World and China energy outlook report 2060 (Version
2021) [R]. Beijing: CNPC ETRI, 2021.
— [J]. , 2022, 42(6): 33-42.
KUANG Lichun, WEN Shengming, LI Shuxin, et al. Accumulation
mechanism and exploration breakthrough of low-rank CBM in the
Tuha-Santanghu Basin[J]. Natural Gas Industry, 2022, 42(6): 33-42.
[7]. , 2022, 42(6): 43-51.
ZHOU Dehua, CHEN Gang, CHEN Zhenlong, et al. Exploration and
development progress,key evaluation parameters and prospect of
deep CBM in China[J]. Natural Gas Industry, 2022, 42(6): 43-51.
[J1. ,2022,47(2): 893-905.
YAN Xia, XU Fengyin, ZHANG Lei, et al. Reservoir-controlling
mechanism and production-controlling patterns of microstructure to
coalbed methane[J]. Journal of China Coal Society, 2022, 47(2):
893-905.
[71. , 2021, 48(2): 402-423.
Bi Caiqin, Hu Zhifang, Tang Dazhen, et al. Research progress of coal
measure gas and some important scientific problems[J]. Geology in
China, 2021, 48(2): 402-423.
[J]. ,2019, 40(10): 1147-1157.
QIN Yong, SHEN Jian, SHEN Yulin, et al. Geological causes and
inspirations for high pro-duction of coal measure gas in Surat
Basin[J]. Acta Petrolei Sinica, 2019, 40(10): 1147-1157.
[J1. , 2021, 42(1): 105-118.
ZHANG Suian, LIU Xinjia, WEN Qingzhi, et al. Development

[32]

[33]

[34]

[35]

[36]

[37]

[38]

situation and trend of stimulation and reforming technology of
coalbed methane[J]. Acta Petrolei Sinica, 2021, 42(1): 105-118.
[J]. , 2022, 54(8): 149-156.
NIU Xian, NIU Yu, SUO Yonglu. Microbial community structure and
function prediction of in-situ coal samples[J]. Coal Engineering,
2022, 54(8): 149-156.
[J1. , 2022, 49(4): 828-834.
YUAN Shiyi, MA Desheng, LI Junshi, et al. Progress and prospects of
carbon dioxide capture, EOR-utilization and storage industrialization[J].
Petroleum Exploration and Development, 2022, 49(4): 828-834.
[J]. , 2022, 53(6): 1004-1013.
ZHANG Yongli, TU Yuying, DONG Yubin, et al. Permeability
variation of tectonic coal under microwave radiation[J]. Journal of
Taiyuan University of Technology, 2022, 53(6): 1004-1013.
[J1. , 2020, 48(3): 174-179.
JIANG Yongdong, SONG Chao, WANG Sujian, et al. Study on
desorption and diffusion characteristics of coalbed methane under
ultrasonic excitation[J]. Coal Science and Technology, 2020, 48(3):
174-179.
, , , . [7.
, 2022, 12(4): 617-625.
YANG Zhaozhong, YUAN Jianfeng, ZHU Jingyi, et al. Thermal
injection stimulation to enhance coalbed methane recovery[J].
Reservoir Evaluation and Development, 2022, 12(4): 617-625.
[7].
,2017, 45(3): 16-20.
ZHANG Jiankuo. Experimental study on laser rock breaking and
discussion on its application in petroleum engineering[J]. China
Petroleum Machinery, 2017, 45(3): 16-20.
[J]. , 2022, 43(4): 27-35.
WEI Bo, LI Xin, TIAN Jijun, et al. Underground coal gasification
trials at home and abroad and its enlightenment to Xinjiang
underground coal Coal
Magazine, 2022, 43(4): 27-35.

gasification[J]. Science & Technology

E—EEEN: AR (1964-), B, BRBFEEA, HE, THREE

AE R LB T SHRFTAEN ) HARAGALAENF, TEAFHR K

BEA. L. RARAKWMAAREEE A, ik LT T8R4 7
Tl T, PRBEERE R IR T A RAENE), G

100095, Email: xufy518@sina.com.cn

BEREEE N FE4F (1981-), F, LEHRA, Ht, FREEAE

RIARHR T SHRFTIENE) HAIENT, TZNFLHRRALRHR
IAF. duik: TR R T T 1 T4, FIREEAER LR
RPSH FRITAEAE), BRESAL: 100095, E-mail: houweinan@163.com

WisHEA: 2022-12-24  f&[E HER: 2023-04-20



