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Abstract: [Background ] The industrialization of underground coal gasification (UCG) technology is a possible solution to

ensure the security of clean energy supply, and a new round of UCG technology research is booming currently. [Methods]

By systematically perusing domestic and international literature, the research progress of UCG technology from 2023 to 2024
is reviewed, the main challenges faced by UCG technology development are analyzed, and future key exploration aspects are
proposed. [ Advances] Recent research has proposed transformative technologies for the development and utilization of
coal energy based on UCG. It is believed that the development of the collaborative and efficient UCG-CBM-CCUS joint
production technology is the key to promoting the industrialization of UCG technology. The research scope for dynamics and
process control of UCG production has been expanded, and the UCG heat and mass transfer model and simulation method

have been improved. A mathematical model of the main parameters of UCG cavity growth process has been established, and
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the responses and variations of UCG production behavior to furnace temperature, operating pressure, gasification agent

formula, and gas injection process have been explored. The natural and cost advantages of hydrogen-rich gas production from

UCG have been demonstrated, and potential multiple functions of acoustic emission positioning technology in dynamic

monitoring of UCG production have been revealed. The focus of UCG safety research is on four aspects, including the

operational safety, groundwater safety, surface subsidence prevention and control, and carbon emission reduction. The

characteristics of UCG syngas explosion, wellbore spray cooling measures, and hydrogen corrosion resistance of pipes have

been studied. A high-temperature resistant backfill material has been preliminarily developed, and various UCG groundwater

pollution prevention and control technologies have been proposed. Multiple methods for the prediction of UCG ground and

residual subsidence have been formed, and basic strategy for the UCG carbon emission reduction and an active emission

reduction carbon, named as the Carbon Regulation and Reduction, have been proposed. Significant progress has been made

in the research of UCG geological constraints and site-selection evaluation, underground key equipment and tools, and

technical and economic evaluation. Geological evaluation is highly focused on the response of UCG engineering behavior to

geological conditions, and new ideas have been proposed and demonstrated such as the catalyst injection process, new

ignition method, the stimulation heating with external electromagnetic field, the improvement of gasification agent injection

method and process. Key equipment tools such as combustible casing and continuous pipe have been successfully developed,

and various new process and technology ideas are innovative and have potential practical value. The economic

competitiveness of UCG syngas production and utilization is studied and demonstrated. The on-site technical verification of

new high-efficiency joint UCG-ECBM (enhancing coalbed methane) process has been successfully implemented for the first

time. [ ProspectsJIn view of the significant issues revealed in recent UCG field tests, three future key research aspects have

been proposed, i.e, geological evaluation and UCG engineering integration, construction technology improvement and key

equipment and tool research and development.
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Table 2 Basic principles and strategies for UCG carbon emission reduction
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2R 5 e 4 55 B EL(HWR) . U84« R HLRK
B, CO, A HR A5 R PRI AR 1R 5 M 5 9
FINO ST RS UCG T H &5 0P 5 2
KE UCG Pl a2 & REHITIA UCG
3758 20 2 D PR U B H AT IR ZE =
JRAIEMIER, HNET UCG-CO, A BT %42
W HAE UCG b2 rp G R A sk EEET, g 4 F
“BIACUCG LZEHAR, HARKNEREE RS
g, WZRFER UCG H R AT 52 1845

AL UCG BN #E13&E I, J#7R T UCG
RS R BIIZ G4 P, W e amid, K
] % 1) R 2 4 i sl 200 3ok G Py 3 B U SR o
ENEEHE 238 12 t IREBA T IR Z I, UCG
SRR RUX L S I PR R B WLt He
PG BERAR T IE & UCG TFR, HEKa&&m
ZILAME T3 UCG Stk Bt 5 A
bb, #HE UCG F= S AR H AR &7, (HRA &K
WA R & 54 71, WA UCG MM R
AN 7.49 3£50/GT 1 6.71 3£IT/GT, 50 MW
L ) UCG MM UK LA 73 30l 9 59.93 5%
JG/MWh Al 53.68 3570/MWh. WF5t& g, b
RN A7 FELE 5y IR, & R @B A ik — 8
2 AL FE PR BE R (1Y) 45 A AN T 3 7 R ik B o
44 IHAWHRS BE

IEPRAER, 1 E UCG IR 5815 3+ s ik,
S RAMRAEEEMENS S, #h7 BUF A 4
WABTERREEAEE . IR, A TR mRE R BRI
N, EAFIRES UCG AT H BRI 77 FEE AR 34
Bl Wikk UCG 7R 78 TR 4 K847, 21 UCG Bl
iR ISR R I H IELEERE . Ban, ooy g =%
IR UCG HARIGTED H 3k NI #E &P B,
FALTEAE )1 UCG T H T & 7RI AT 7T,
R 2 Sk 1) 1L PG AR KR L I UCG BE K E
3.

2022 M 6 H o SrMARHE KL IR AL
UCG Gt LREE3N, AKX GONmHIE R,
2023 429 H 30 H sk, 2024 423 H 15 H4S
W, EEERAEFTIEAT 166 d, FERIFIAE T 6 KA
WA, ERHPHESR 5 71 oy B ER
I H>60% 1 TR H b, A HAE e il IA 9.38
MI/m®, — R T 7 Mm%, ok, 3R R
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HIIAAE UCG-ECBM(J 2S48 77 iy UK 1
2, EEWAN RIS hE R, sihsh. %
B JE A IR, S E i 2 A 1 4 R
PRSP R 3 375~4 492 m¥/d, “F34 3 699 m’/d, B
FEARFR T H>87%, 7=/ Ae 1 BN KT
SRR, 2024 52 H 27 H, HEEgEE R
H6 X RHEE KB T UCG 7738 AR R 5 44k
PEIZ BRI, — IR AU, BT REE AR
DA R 3t R Tk i I 7E [ Y g kPO,

I UCG Bldpikieit e, #iH UCG B}
TR 25 B BRI IS, BORER X T2 HA
R TE K. RN, B SEBIRZ#R T UCG
AT HI A = RJE K, — &bk i wrAn 5 TR
ToREEREY], REN I THE AR, =&
R R T2 & RO FE o SRR VPN B R S P I
R - TR — 4k, & UCG T2 R
RFE R T 2 VPN B H AR R 1) o St TR ARG 1
PR =, PR UCG L&A B R Ak o e 22,
FEBRAE AR b )2 RS A e A, R )
SEALRZEAKT 1 mo JEESE & T H oS0 3 K
WOESLEIBAT I FENE, DL RS (S IR k)
TS v T 5 ok o X Bk R R ARAN T UCG BA
RT3 A AR5 2 560 3 & R AT, X it
TR ARG AR — I AR e UCG P2l AL
AT ARGt % Tk, UCG i~ T —1k
1o T THEARACER A cpak s TR R, Ti
TSR =K E SRR T
5 & it

(1) UCG i Re i A2 7= S B HE A 52 5] e 4
BRECATZ I 5TE o I AR 50 S0 B R e A
ARG BT RE SRR e R
ARAFWE 3 ANIT1 . Gl = LUEA EE K, 1he%
32 H BRI R IR T RIE i AR A T S
BEA AT 7%, UCG FiA R M AT 563
(2R Ao BRI BR AL BLAR R BE R VR T R OB A A
RIEWAE, 2 THT UCG MR REIRIT K F
B EMHAR, UCG HiA SRS T LT 2] — A H
BER. ZMIEH, UCG P bk it 101 4 28 45
R Z, KM ZAETHRE, KE UCG-
SRS IH-CO, H A7 5F]H(UCG-CBM-CCUS)
P 7] v B8O 7 L Z A AR AR P A R D

(2) UCG =34 5 i F 2 il i 7 2 Y
B K563 1T UCG 1% #ufL BB AL, 7 v,
RS R B2 UCG il i, ek E

TR R, SR TR S %k, & T
UCG B KRR ES BB, oiriE
R E R I K B R R, BRI TR
PHE I A= bR . TR UCG /=17 X i
B AEFEE S SAFIER T « RS T 2 R A
AR, 7= 5 1) A A HE B A s BINSE
BEMVE N e BE AR bR, RIE T UCG £/ AN
PR RAR AN A o KIS B 8 AL AR
TEARE XY B MR A2 #2475 3l . B
B I ASZ A, ATREN UCG =g ik
PR A AT B

(3) UCG AW AR E p R IEIs /T %2 4
MR K 2 A R VTFER4% Bk 4 AN 7Tl
€ 1 UCG MBS BRIERR BIME, 1RUE T T ik
TS AT WD M P R AL N
UCG il FIE SIS % 4 TR AR R 341t
THAE. RHZHR UCG RIS RBEH A, A
DNFE A AR PR R T S E SR IRTE R A S
it SN2 S AT UCG R AR 5. T2
A BRI S UCG TAM4 4. UCG 5 CCS
FREE A BT TR TN 3%, 35T UCG Hhifl %
RUTBE T J772, B0 FF R HA T s [ SR AL
UCG  Hb T 7T B 42 11 1 37 b PR FH B AR 7 3 e
F., BT 7 UCG-CCS BIRBARA AT, 2
th UCG BRIBHEHEA TS, I B —Fh
F IR, 7E %28 UCG Y HE S mg H o8 B Ay
J1 AT HERIR R AN E -

(4) T UCG WFEAEH At 4 A7 Tt A5 2
EitRE . HURVE S DG UCG LARAT Xt 2
SEAF IR L, XGRS M R Sk B Y R R — A g,
FORR BT LR — AL R B 0, HhJR &Y
W T AN T i gt — 20 o) AR AT SE
P AR N L2 AT fedf ik e ri 6 F UCG i
AT AR SE B, XS AFEN T U T2 ek
kLR AN s (R 5T 8 B Ttk — B4R s UCG
R, $E IR B UK 7 2T BE AR I R K HE R
e, FIAEE . LSO TR R SR
UCG P32 At T A% 0 Al 245 UCG T H & 35F
SEq IR, BT R T UCG S
REIGETF5E5 71, REMRITFN UCG HARE G
FRAL TR YE . ENPIAL UCG 7R 78 LARERLD) 5
KIBAT, {EE WA E RERIE T UCG-ECBM(JEZS
B Py R L E A B AR AT

(5) LM UCG Bl iRz~ 1kt H il
G FEZE S . UCG BT AT = KR
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B, —RMFUIARE TRERRGEREY), 2l
Bt CHOARIKCP KOS HE, =R IF T & H O T H 4
Fe R T] HE o L HE I BT AN SR S A oA v FE R
- TTAE A, T T BARKE v EORAE I ()4
o ) iy ST B v P ) 2 1 2 Aoz R BRERG
# LR AT SR EAOBOE S E Is AT W S LR
NS (B AR Sk M i R . AT,
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