K4 S 1,35 T

w2 (ORISR (Scopus) SR
COAL GEOLOGY & EXPLORATION

BHI T SR LR SR BRI
APk OBREENS  fLAE EIE BREE BERA TkER BRI ORTE mEEE R AVESE E

alil

FIUHASE:

HIR, R, fLAouE, S BT IR ER LA 57 & ], LTS R, 2024, 52(2): 180-196.

DONG Zhen, CHEN Yanpeng, KONG Lingfeng, et al. Underground coal gasification: Overview of field tests and suggestions for
industrialization[]]. Coal Geology & Exploration, 2024, 52(2): 180-196.

TEZR L View online: https://dx.doi.org/10.12363/issn.1001-1986.23.09.0562

FETT BRI A S

Articles you may be interested in

SR A eIk ) M5 R ) PR 2R
Geological consideration for site selection of underground coal gasifier

5 FEL R S5 . 2019, 47(2): 44-50  https://doi.org/10.3969/.issn.1001-1986.2019.02.008
R I X TE I S L Ak e bk b BT PPN A Y

Geological evaluation model for site selection of underground coal gasification without well in Jinghai coal-bearing area, Tianjin,

China
S8 T 5 S5 K. 2019, 47(3): 41-48  https://doi.org/10.3969/).issn.1001-1986.2019.03.008

MR IR T S TS e o0 A K e SR
Distribution and enrichment of pollutants from underground gasification of bituminous coal in Huating Mining Area

4 TH i 575 5. 2021, 49(3): 18-25  hittps://doi.org/10.3969/j.issn.1001-1986.2021.03.003
TR FAT I 2 ] i BE IR & A R U oY

Study on exploitation and utilization mode of tourism resources of the underground space in abandoned mines

B S BEE. 2021, 49(4): 79-85  hitps://doi.org/10.3969/j.issn.1001-1986.2021.04.010
FEBD I R R R AR A R SR e

Development and prospect of intelligent drilling technology and equipment for underground coal mines in China

b S . 2021, 49(6): 265-272  hitps://doi.org/10.3969/j.issn.1001-1986.2021.06.032
SR T R b SRR H R A e ik

The development of seismic—while—mining detection technology in underground coal mines

4L FH i 55 9. 2019, 47(3): 1-9  hittps://doi.org/10.3969/j.issn.1001-1986.2019.03.001


www.mtdzykt.com
www.mtdzykt.com
https://dx.doi.org/10.12363/issn.1001-1986.23.09.0562
https://dx.doi.org/10.3969/j.issn.1001-1986.2019.02.008
https://doi.org/10.3969/j.issn.1001-1986.2019.02.008
https://dx.doi.org/10.3969/j.issn.1001-1986.2019.03.008
https://doi.org/10.3969/j.issn.1001-1986.2019.03.008
https://dx.doi.org/10.3969/j.issn.1001-1986.2021.03.003
https://doi.org/10.3969/j.issn.1001-1986.2021.03.003
https://dx.doi.org/10.3969/j.issn.1001-1986.2021.04.010
https://doi.org/10.3969/j.issn.1001-1986.2021.04.010
https://dx.doi.org/10.3969/j.issn.1001-1986.2021.06.032
https://doi.org/10.3969/j.issn.1001-1986.2021.06.032
https://dx.doi.org/10.3969/j.issn.1001-1986.2019.03.001
https://doi.org/10.3969/j.issn.1001-1986.2019.03.001

®50k %2 BHE MRS #E Vol. 52 No.2
2024 422 f COAL GEOLOGY & EXPLORATION Feb. 2024

TRAR, BRI, LA, 5. Bk ™ SURIRX IR ZRR 5 b Ak & e 8L [T]. 45 F BT 5 B4R, 2024, 52(2): 180—196. doi: 10.
12363/issn.1001-1986.23.09.0562

DONG Zhen, CHEN Yanpeng, KONG Lingfeng, et al. Underground coal gasification: Overview of field tests and sugges-
tions for industrialization[J]. Coal Geology & Exploration, 2024, 52(2): 180—196. doi: 10.12363/issn.1001-1986.23.09.0562

Bt TSR ERR S L 2 RZ W

AR, Haem', L4982 1 9t o #Y BRAY RAE M,
AFUE e mart B ShE RS, IR
(1. PE A EEHFEF LR, L 100083; 2. FE ABMAKARAERAR AT, JLFE 100024;
3R EAMAFEEAR) B IREER, WK F5 266580, 4. FEAMEEAHRFTEAE,
JbF 100028; 5. F [E A ekl H A F, HEE %% 839000)

B
[=]: =0
[zl

WE: £ EABEERFA(RB”)AAFFRER RERL AR EEKESH T, KARERTA
(UCG) & T #r69 1 & K EAEH . AR FH T RARIKIEE | b= WAL, He bt FDIRFHR
BTHERATAARERE, KA AT HFXAN, A/ RGFAL, KFFAIAMARENE,
HRT RN EIESH AR REH G R ETL ABEARAFERR 2 AT @SN T KL Ly R E
3B KA, FERAN (1) RF I+ TIREN E G R A T E RALRE B A AL R E A
WA FOUTE | HRARTEF @R, M BLEY KRS F LR, REHLEHFERE, R mu
Ase . REEGEAAT BEARY, £S5 E— AN I TARARAEL, 2) KBANYKE
BRI R KOER, RKALTHF HAXARE, BAKRE PREKEZ T ALK RXERAN, (22
BT ERARLLEER, BRARARBER, TZTHRBREBRAR LARE TR KUK, AHZ
BA BB R AN AR TEARFGHRE, Q) RRERARREAR RS FX . AR A=k
Mg ERHARRE, FARRMLEAGEH LK F A ) T RBFARE, KRR ” &~
AR BIBRE R , (4) FARRAABATT L e A B AFP &, RaXEAFELIRET
Feugdelt, BURAEERT AN BRES, £ R8BI T 2R ARE,; LRI K
b, AP R E— | ABRARE . PR AR S AR R E LR
R E AL LA ER KRR A, 2R E UCG = AL #0FH% A5 R R T A K
09 e R, 42RR TR TIFT mANGEE, B RIS R CEH SR ST A S A,
B R IR AL XA I RIE RIS RARIE, EAEZHRR “AWERA BTN 6
BRI K Iy Xt o 5P E AT A4, EARABBRIRE S mA ., FeR. AT LR A
BB BFRE, A AR RBERT R X, BRI T ALK R G e A Fote s =
RGBT AR R ARG L, BhIER B S AR I F IR ZIATIFAL,
X A RRTARMA, PREM, XA Sk BARE; FRBUR; KEE
mESZES: TD84 - XHEtREM: A  XEHS: 1001-1986(2024)02-0180-17
Underground coal gasification: Overview of field tests and suggestions for industrialization

DONG Zhen', CHEN Yanpeng', KONG Lingfeng®®, WANG Feng®, CHEN Hao'", XUE Junjie', ZHANG Mengyuan',
CHEN Shanshan', ZHAO Yufeng', YU Yueyu*, GONG Wanxing’, SUN Hongliang’, WANG Xinggang’

s B #A: 2023-09-18; #EUWHHEI: 2024-01-10

EEWAR: Paih B TSGR 57053007 FERPERTIENE H (2019E-25); oAl “IEarAE IR A 25 Bl ks A ot

I (Fmt 20230118-4)

E—1EH: RIR, 1988 4F4:, B, IR, L, ST, MSBRIFENE TP | BT S0 s,

E-mail: dongzhen69@petrochina.com.cn

SEEMEE: MR, 198544, B, WHURM, Wit SR TERIm, NSRRI T BTN . SSIHEORT R SRR 55 77 T AR 5T

E-mail: chenhao69@petrochina.com.cn


mailto:dongzhen69@petrochina.com.cn
mailto:chenhao69@petrochina.com.cn
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562
https://doi.org/10.12363/issn.1001-1986.23.09.0562

%2

FikF: BxRHTAURBLER

5 Wb &R AN . 181 -

(1. Research Institute of Petroleum Exploration & Development, PetroChina, Beijing 100083, China; 2. China National Petroleum
Corporation, Beijing 100024, China; 3. School of Petroleum Engineering, China University of Petroleum(East China),
Qingdao 266580, China; 4. PetroChina Coalbed Methane Company Limited, Beijing 100028, China;

5. PetroChina Tuha Oilfield Company, Hami 839000, China)

Abstract: Driven by the dual demands for achieving the goals of peak carbon dioxide emissions and carbon neutrality

and for ensuring national energy security, underground coal gasification (UCG) in China is embracing a new historical

development opportunity. To scientifically formulate a route for making technological breakthroughs in UCG and accel-
erate its industrialization, this study analyzed the history of UCG field tests, dividing UCG into three stages: UCG based
on coal mines, vertical/directional wells, and horizontal wells. By exploring the underlying logic that propelled innova-

tions in UCG technologies in different stages, this study delved into the technical and non-technical reasons for the fail-

ure of UCG industrialization and finally proposed suggestions. Key findings are as follows: (1) The UCG technology

combining horizontal wells with the controlled retracting injection point (CRIP) process can effectively avoid the risks of

surface subsidence and freshwater pollution caused by shallow gasification. Furthermore, this technology enjoys advant-

ages in terms of expanding the vertical coal mining range, increasing single-well-controlled coals, improving the quality

of raw gas, and ensuring continuous gasification. Hence, this technology serves as a mainstream technical route cur-

rently and in the future. (2) After the longest field test period, China has remained long in the stage of UGS based on

coal mines. Although China is still in the initial stage of tests for breakthroughs in moderately deep UCG, it roughly

keeps the same pace with other major coal-rich countries in terms of technical research and development due to the chal-

lenging technology research and low technological maturity. Therefore, China is expected to overtake these countries in

the technology for UCG based on drilled wells. (3) Regarding technical reasons, limited technology applicability poses

challenges in the industrialization of UCG based on coal mines and vertical wells, while low technological maturity pre-

dominantly restricts the industrialization of UGS based on horizontal wells. Consequently, long-term stable and high gas

production is yet to be achieved. (4) Concerning non-technical reasons, the termination of UCG tests abroad is primarily

caused by low-cost production of conventional natural gas, the influence of the shale gas revolution, public concerns

about environmental pollution caused by shallow gasification, and governments' UCG policy shift. In contrast, China's

UCG industrialization is principally hindered by a prolonged gap in development planning, relatively limited entities en-

gaging in scientific research and tests, insufficient investment in scientific research, a lack of industrial support policies,

and the absence of joint innovation mechanisms. This study proposed suggestions for China's UCG industrialization. In

the new era, it is necessary to thoroughly identify the complexity and challenges of UCG technology. Then, great efforts

should made to achieve long-term stable production with considerably high quality. It is recommended that the technolo-

gical maturity should be constantly improved through synchronous scientific research and field tests. The cascade pro-

duction mode featuring physical gas extraction followed by chemical gasification should be employed to avoid competi-

tion with coalbed methane production. Meanwhile, it is necessary to actively explore the utilization mode that integrates

oil and gas, new energy, and coal chemical industry for elevated economic benefits. As a revolutionary production tech-

nology for artificially created gas reservoirs, UCG, after successful achievement, can provide a technical reference for

the fluidization exploitation of other mineral resources and push China's unconventional technology for fossil energy de-

velopment to a new level.

Keywords: underground coal gasification (UCG); moderately deep coal; gasification based on coal mines; industrializa-
tion; technical reason; industrial policy; development suggestion
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Fig.3 Comparison of the development histories of underground coal gasification between China and other countries

[l 2 EX R A XU T T RN gy
PRUSISPL AT T3 B T A R . 2003
A rp A R AR R A R wTHE R UCG Ah5E
e [ U UR BT R R AR B LAY BEAR, 2005 AFAL{1 47
TR R 2R i SE B T /N M X IR JZ (AR SCR#E 800~

1500 m)UCG X3 77 %545, 2007—2014 4F, 5 B4 [A]
161 22 S5 SE T HRIR 285 m A EG I RAALIRER, 58
BT LR VR BT TRCR A AR R SR A
CRIP T2 5, S T LA S/E A oAb
1.5 MPa SAL B 1 F (LA 72, Bp H P MRS 15%



- 186 - MRS

%50 %

10% m?®, MUV 3.3~4.0 MI/m®, T2 T (45 4 R <
N AR A | H AR SRR AR T2
BT SREH AR AR RS, B TR E A
PRI 125 o 2018 45 [ 5 23 A i i 0 3 2L 2 R
PERE VIR IIE T S0 T HRVR 450 m AL ARRE
2019 4R BEIRAE N 52 i TR 2 S0t T HR 522 m (1)
AR, 332 H AT E AR [, L
3RS TR 5 T AR L MR A X R R
T ERZE: . BUAh, BB /R F A XS 5 R 4R
e TR SR AR R S A e Y T,
SN A IR EE 3 57 ) 1E A S SR AR A T JR Al 20 Ak
KT

I I SR BB VR R | B KA M 4 Y B R R
Jill UCG $ AR TR, 2021 43T IR A SARYE il /<%
SARBEHER B ARG A DU REVRATUR R
1), ZERAE U WA I A ok, IR e TR
BB i 2021 AF BN “ DU RBHE BHTRLR
BRI UCG HHEHI EH A . UCG K& Ha Jf 9 G f 4
ARARHE T 2023 AFFimAE B /R FIG XS 3 “Hrimd
FERME IR 2 E IR i RO R AR KA Lo, 4

AR AR KA FRA FHlE T UCG R &
JEHLKI, 2021 4F 57 UCG H AW & iy, HATE 45
i UCG BHE & I8 — B BEW TC, JE A5 1 SR 4 il
SERL T IR i 2 . 2020 AFEH ELATRAL
TARMA R A A 55 R 2 EB LR il
CHE e R AR AR L AT H A VERE SR PR, 357
YRR T AL TR 5 B AR JERE iR

Lo, HnE N SR SRR AL RRIR R A
L EE b 5T ) 1 7R BT SR A T R B R R BOG,
B —Fe AU I A 1E AR TR 4R
1.3 HExtTRHREFEERTR

T E A UCG 56 i #2404,
JARo

(1) UCG M@ I m g =, 2 m i)z i
AR mZE AR HZ RS . UCG 4“0
XA I AP =ARER
HoE (K 4), “IKFEH+CRIP” SALE AR B A i £ 57
FRIKEL . FER R R L, AR 0 & R Y
TR T K B R B B A S E I I AR
T2, RSB TR AT W BRI T &, B
HI BB B e o SR EAE 25 <4k
R IR T, #8217 CRIP T2, i@ ad AW iR
WU B G T Bz ) [ AR i R A, 8 n
T IR AT N, A TSGR . FRESR

ZELR 55

AINEs 2R T W O B 5 115 R W S LRI R N =S USRI
k30 3 K O R 3 A A, 95 L ORI
PUHEA | I R ACE IR e R R Z 1 “KF
H+CRIP” S AREEA 2, (H IR 2 “OKFJ+CRIP”
A ARG BOC . 2B A F) T3 & AR
N AR R B RN, [ B R SR IR KI5 e |
FEUTFE Y24 4> XU, 2% E Rocky Mountain 1(110 m). 75§
£ EI Tremedal(580 m). il %K Swan Hills(1 400 m)
(IR D AR, AR [ N ST 5 22 4841 (285 m) . Fisi
(450 m). NS IS4 (522 m) FIRI0 Dy A, B R
H R K Rk RS R =l &
F & Z T ReiR HELS AL T 5 1) K i, ARk
S CO, K 32 2Pl B I AL A P B i b 5 )
A

AL HEE: (1 =35)
B #ﬁ {
GO s — komtRITHN B
SDB
UCG
LVW
BIH/E IR
(H=AY ELW
&(UCG)™
=
L-CRIP
ACEFHAA P-CRIP
[C=xiv)
% 4y X JF-CRIP

K4 MR T AR KR
Fig.4 Technological routes for underground coal
gasification in the world

(2) UCG B KB 47 A A 7™ = HVE RS e
J1o FRBK Gorlovskaya o 56 1 13 A 5 IE 52 R UR 8 2
REWE LAk, B TR AT B AR B fE O
Angren 5 Majuba 51 H ik 5E 5 AR K 12
7, T EX 2 22 R R AR R 222 RIS
Rocky Mountain 1 1 Chinchilla 5 {5 0ESE T “/KF-FH+
CRIP” (AR AT ATHE, T A A 1R & 1 19 07 X RS S B
WZESES M. El Tremedal 3030 E S K-S AL AR
RSB 500 m (YHEZ 49835 F, Swan Hills 12055 &
PRI RSARE S BE B CH, 7RISR i 5 He,
THUB S PER X 16 MI/m’ (BT A TR 56 RS SAE
KAH)-

(3) AL ARAEIE IR T AFAE 2257, K H:
SABAREA T RS HEE . 7 N
HAMFARNGE HFERIZSAM, KA RS
HTFERZMPEZESA, 32 1 2 EH 5K
BPARZ ST AR . 32 EIg RISk s AR
FEVNE R AT B, RSB S0 R 4.3~7.4 MI/m®



%2

FkF: R TAMKRERS bR EEN

- 187 -

Hl 8.4~12.5 MI/m*P®), 8 S /75055 40 LR 2 S AR
SN o IR AR, 2l 48K el A AR
ZeA, IR L I AL AR T 10%~20% BYHLIES

= o

KA, R 1R SRRSO 5 KZ T T G, A

SACTE IR TR K 1, R R W R 315
QW LABENTIROE 20l il Ay h T, AR sS Rn
I TR 7 R BB e R B AR R kT e A

5,

®1 EASUEKFEHSRUKARERTLL

Table 1 Comparison of technical essentials between underground coal gasification based on vertical and horizontal wells
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Table 2 Technical problems of typical underground coal gasification tests
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Fig.8 Major technical links and critical technologies for underground coal gasification in moderately deep coal seams
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Table 3 Improved petroleum engineering technologies and equipment applicable to underground coal gasification
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