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Research progress and future study of carbon emission reduction for UCG

QIN Yong"?, YI Tongsheng”, ZHOU Yongfeng’, YANG Lei’, WANG Jun®
(1. China University of Mining and Technology, Xuzhou 221116, China; 2. Coal Geology Bureau of Guizhou, Guiyang 550025, China)

Abstract: The integration of underground coal gasification (UCG) and carbon emission reduction is expected to become
an excellent green energy technology during the transitional stage from the current to the arrival of carbon neutrality, and
even play an important role in the longer history of carbon neutrality in the future. Looking back at the research history
and current situation, the systematic strategy for UCG emission reduction has been basically formed, which can be sum-
marized into five specific approaches. Among them, the targeted underground in-situ regulation can reduce the CO, re-
lease and promote the quality and yield increase of UCG synthesis gas, and the relevant strategies and approaches can be
summarized as the Carbon Regulation and Reduction (CRR). There are many research achievements on the supercritical

gas storage of UCG-CO, in underground space, mainly focusing on storage media, storage space, storage capacity, etc.,
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with some discussions for storage mechanisms. The mineralization and storage of UCG-CO, in underground space are not
constrained by the harsh conditions of geological stability and sealing, and there is a potential dual effect of both carbon
sequestration and gas conversion, but there are not many research results yet. The previous exploration of UCG-CO, rein-
jection, utilization and storage focuses on two aspects, such as enhancing coalbed methane production and improving the
production of UCG synthesis gas, and a series of explorations have been initiated for the emission reduction and utiliza-
tion of CO, from the tail gas of UCG hydrogen production in recent years. The CRR, as an active emission reduction
strategy, targetedly reduces the CO, concentration in the UCG synthesis gas by adjusting the gasifying agent and its injec-
tion method, and there are many theoretical achievements and preliminary on-site verification, which are expected to be-
come a practical clean coal technology that integrates clean energy production and carbon reduction. Reviewing the pro-
gress and analyzing the shortcomings, the scientific and technological research for UCG carbon emission reduction has
made many substantial achievements, but also still faces some challenges of sustainable development, and the future study
should focus on four aspects. One is to prioritize the development of UCG-CO, underground conversion and utilization
technology with a focus on the UCG-CRR based on feasibility. The second is to focus on the shortcomings and to strive
for the breakthrough of the collaborative mechanism and key technological bottlenecks of both UCG emission reduction
and synthesis gas quality improvement. The third is to make solid progess and promote the prior implementation of UCG-
CRR pilot tests and engineering demonstrations for the achievement of practical results step by step. The fourth is to en-
sure the implementation and establishment of the “trinity” policy support system for the UCG emission reduction consist-
ing of carbon neutrality and management strategy, special science and technology action plans, and professional talent
training.

Key words: underground coal gasification; carbon emission reduction; carbon regulation and reduction; strategic sys-
tem; exploring aspect
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Table 1 Basic principles and strategies for UCG carbon emission reduction
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Table 2 Design requirements for UCG-CO, storage wells in deep coal seams in Dobruja, Bulgaria
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SCAPAGRP SRS AR RN, Bk CO, 43R
SRR R R R —CO, ROV M AEIREE 1100 C H
AR R B, AR | JRREREAR | B AR I
IR 1Y) RN M R B /DN, 43 R 0,15, 0.13 F
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XF UCG Hb T 25 [ 4514 F 1 Z A AR Y R - kAT R
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2 . A ER A PR AD 3 AN BUY AT T CO,
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MR SG AT R R, SRR COo, FLLR
B E S AL E AT . ETT T, 12451
PRV SE EZAEPAEAT 2 407l
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CO, A IRE T B2 A 3™ (B-CBM)PY, Al
BT AR R ST FIH UCG 1 gk 7= )2, (UCG-
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JEE AR (ECBM)
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R AEE 2RI

2005 4, WANG " FAE R HRIE S F Rk
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2015 4F, EIEEFE T 2% % PRABU 1 MALLICK!
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R AR IR 5 2 BB, BZSOFR B — e B
Jo, B E S I AL N “U” B UCG i 8 I 5k
Ak, R Z H G CO, BRI be i Fh 1M S Ak
AT, et A RN e R AR R G B
., PRABU F1 MALLICK" "1 3% 45 4, CO, 1E Hy
ECBM K 55 F1 UCG S AL #E UCG-CO,-ECBM —
AL Tl Re R B EAEH, (A0 — R T2
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Fig.l Schematic diagram of integrated UCG-ECBM process concept''!
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hT PG AR BAR A AT A, Rl ek AN A
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(18 )2 B Y A B Ak RRSE 100 d 2 )5, CO, ] 1
BB E—B/NT 8 m, B EREAEN T ik
14 m, T iH B2 E-CBM Al {5 B i 4P 3B A CO,,
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RS ER
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T TR S . FERE PRI T Xt 3 SCHEN R
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SORBEUEIL AR YR . REPENER “SeshEhe . kel
i SEBIE T 3 A BRI AR R T A
PRIE), DA KA B B 1l 5 45— 2R 235 4 355 7 1 D
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AR PERGE i AR G, TR AR F UCG A ik
AT ES ORI CO, PE R UCG A 3 ) ] skt
sk e e 5 1 [ (g CO, AR TR CO ki
R, I AR A B R A A O TR, SR e
UCG = i SR be ol B & H e b R F 4l S B
PR, IR TR CO, M il /b AR B A
UCG T1EIf, FAIK CO, HEAY IR Bt 5 2 T Rkl 3k
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X FB1THY UCG BA KSRGS, 7854 UCG
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TR S0 25 5 R, COL/ B AL EE IR T,
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TR, AR BIR CO, =, bR s 250
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TE CO, KA A T X 2 433l J1 2 S 500 43 51
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Bl iR UCG-CO, A M THAE A,

ANE R —Fh o IR BRIR, ARt (AR R 1A
F A B4 Y, HEA CCS/CCUS 1 UCG i



5514

Z TR M B HEE AR TR SRR R 503

AR BE LA TR I SR S R A B SRR,
i EL38 3 181 93 1 FH A B UCG-CO, 1 Al g B 4535%
AR, ST, [ N AMIFSE & 2 56T ] UCG-
CO, [l il & 5 #4710 & B 1T 5t . VAIRAKANNU
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UCG Al & — e o i, ek iR, <
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(1) SAFIE T35 RS CO, IRFRM B [

U S AR C HE AT 1] #52 ) UCG & L Ssr,
ZOTHM SRR 2 . N, 4 O, SAL M BRI R
Lt CH, BRBERIBRHENCR R 2 3 507, Bz S /E NS
PR3] DL 25 R UCG Hil &g ™. s, <Ak
I K AR TERT SRR F, (HR K St 2 2R RiE
Ji DR BE, FEITTRE AR CO, 1B R, S BA A CO,
PRFRIEO i ] CO, IRFR M B S BEAE T4 3 —
A~ 0, IKFES M CO, Z A HLLF], UCG i #H 0,
UK ZES ML = T BE T ORI, 5 COo, i
QAR n, KA RS s 2R &
(K= 0.51(C0O)/[0.57(CO) + n(CO,)], %) FAHA S,
AT 1) 5 3% T A% T 9 78 0 B2 B2, SRR 2 AH A 5t
(CO,+C—CO) A B AR I3 AE A B B A 43 L,
Hrr, n(CO) 2 CO, MR 52 b A ) CO H, mol;
n(CO,) MFFA A S Y CO, i, mol™,

A FRC L ASARH, AT A s A U CO, IR 4
B, TN UCG ARSI, FIFH 0,/CO, 1
KA, UCG W P i B AR X AR (e 1200 °C),
AR 3 CO RN H, AR 2 B0 31 42 & <Ak R
CO, fiefsimi <AL f b Co, ik nl, 785465 Co,
TRFU 88 40%~50% 5440 F , A A CO i H, (AR
Sy BOITE 25% Ty, CO, RN BN T 509%™, %
FHARZS i B 0 387 27 A 2 T i A A ) R f—7K —
2= DU 5 HE SR AR 256 A BB A0 7 15, TR W]
INZEREA R AR UCG R GERYTEEE DL CO Al
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N, ¥ &, [F] 0§45 #]F H,. CH, Fl CO, B4 ™, 4H
IR RSB0 285 B WK, 72345 O, IR F A 50 MI%
F 60% B}, A R CO RT3 Bk O, AR 434 K
MRFEE 1T, 124 O, RV BUR T 60% Bt HE B4 1l
S CO RBUMEL R BRI, W] CO, 43 H M K35
S22 S5 I S TR e WA A D 2 7 o B3, o P il B 2
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BRAESRAT T 30,

SALFI A R], UCG i 72 ¥ 7 HERL ) CO, %
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R CO, HE &, & BBEE AR H O, IRF /4L
T, CO, HEUER Se TG I 78 O, IRFR 345 50% 7
5T, CO, FIH Lo Bt e, ekt R A oy 250,
WAL EA [ AL RS T 19 UCG 7=
WAH URE, % B O, HEZ5 33 I\ 10 L/min 34 %)
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B5 B BRHE D #4250 Bl A 10 L/min
K #) 50 L/min B, &3R5 O, SALAH L I 2 1%
%, ELIRRE AT FRARA B P HE . MR, 5251k
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T CO, L2 Y O, 5 MK 43/ Fa 5 vt 72 1 Y
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E MR A U COL IRFR 50 5 —Fh R BB
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AR TR RS TAEIX TR ELAI R 10.79%~
18.96% ., i i DX T AR L A8 A IX T AR EE Ry 2.26~3.72,
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31.99% . i Ji X T FR L4 AR X TRTAR LG ol 1.58~2.49,
F 7R T KRR X SE A X SR AR B S /)N, AT DAL
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FAEFH PAKFEEE S 2 I AT H R A2 2 A3
UCG T H i T n] SRy EiE RARER T, 253 R,

Ho—, B SR O, IR BT, A S CO Al
CO, SR BOE WG N, =, s e &
B RO ST AR B 1K, 28 SRR SR I mT LAY
TN 38 R A ; He =, 74l 0,+CO, AT,
6] 4 AR N4l O, AT L RA I 4 v S0 IXC 3R B, R
CO, WA FFA= B CO YA i sz 17 5 F P, Az A% A4 it
H CO, if LI/ FE AR CO, [l &, A b A
R4y % CO, 3 a8 4l £ 7T LAAE R A AR 370 B Ok Il 3
UCG J&, %t CO, I A i HE HA S bR X Ho,
AT H R LB A B TR AL RO (CO+H,0—
CO,+H,+41 kJ/mol), A WK CO R ELIAAL,
11 Hy Fl CO, ARG8T 5 oS, an BB A ], &
B CO F CO, SRR S A A R 2 I
KR HILEAE, A A CO, RBUM UM =3 nT il
AN FPE AR, i CO, W IEH T HE TS
b, UCG AT ARG R A5 T RE IR AL 7= S ms ek HE R — A )
TR

(2) HEATT RGBS CO, RN BUSE 1) 4

WA 2kad Z R SR FIEA (X)) T 29879
O 3, AR AR A, BT H 0 AR R AETE AR T
FaE UCG A B0 T, (HAH NS CO, R T4
FE A BE A& o TR ETE M T AR R A 1
ATT I AT FEABBSE, #ESh T CO, (R R
BOE IR ER IR . Horb, 47 RN A P BA G e A
RIS R S, & R T 28 UCG & iS4l o
mﬁg‘lﬁﬁyi[u,ﬁ, 93, 98-101]O

EFTEKHARI %5'%%0015 4F 4 Fa SRR i Jy 5k
SR, IR B MR R A A SO ZE RS A
TR FIEAATH . FETIZERIT R EUERA, KB
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JE SLZE R AN B R S Ak FEZE AR B, IR
FEAAR A B A H AR B s, (R R
IR RAE Hy RFR A BT SRR i, T 00 7 Ak % g 3
REAIG; SRR/ AL, TEAZES-ARIRA
YA R AR, HRZT Y& A B L5
TEA AR FUHE . 1% H BAG 22 5 T A B A L
XF LA BT it — 28 Y, TR Z BRI UCG-CCS &
HECEACAE B BT B AR P79, (2] DL i
RE CO, it T2 MY BEJF R T LR+ F ki)
2016 47 LA S I | 5B 95 A 5 RS 1 R 0 R 1 52
X4, BT T AR I S5 R R SO S AR RCR,
INHJE RS T 2% CO, IRFRA B 4 i R e
I, B T2, A HiliE T 2RO 2%
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I LSRR R, SAHEREERA H, HE RS A AL
S COL RSB IR T 21% 1 19%, AL
AN SR R B T 10% LU, 1999 4, X
WUEE A A B 1 30 UCG B9 H , 92 T 36 A
UCG-CO, MR HE 0] P 5 1 2 T R T 2 4%t
K, Hoh, g &Sk ISR A S
W CO, M B 40 B Hhy B0 4l 0F 18] R XU B 19.49% [ &
10.39%, B0 &5 87.58 % ; 7 WU IE MG [ BE S AL IR B
h, BLCRIK ZE R B R CO, IR R 4104 259%,
MUK IR A U CO, RFUM B R 15% 72
i, BEIRIRIREZ)IR 67% o HILAT IR 4518, FRAhss A it
W BEAR TR X RS IR R T CO, i,
Ak S5 30 Bz 1) (R XU AR AT LUIE BGET B9 Ak 25141 o,
E— 253 5, IR A i 25 R T A X B T A
FF CO, 38 J N, AT 35 31 (5 35 B AR A
CO, MBS EAIHE H AP

Ay AR VORI R T 0 R R A 2 B B
UCG Fik: 565 | BB A R Eas &R, [k
WTEZS SR R A8 AT LS s R A, AR
PUERAR, CO, MR EIU &5 5 2 BB, 158 1k s ST
A AUER 28 SRS (R & AR R, AR = H

R BOR T 40% 05 AR o 43 BT 3T BAs 5
SLERLE R, A A CO, il CO IR BTESS 1
BBt EASSR) 70514 9.90% F1 5.95%, 7655 2 Hir
(A IKZES) 43510 10.85% F1 7.07%, 2 Ky BL i
CO/CO, F-IRFL4 L EL 43 511~ 0.60 11 0.65, FLES 2
BB U AME A R T 1 BB Rl
H R 7S, 2 A BB B SASCR 152 0 25 A
FBE, i AKZESHER T BRI JFRCR AN A S AE,
0 CO, A AR BT 8 5, 856 2 B Bes A
J R RO S AR TR L EE IV AT BE R A R COo, 1A
UL

N T BGAIE_EIRAIHEAIR, 4% 7 AU I T ]
SRR JRERE, 465 2 S B AR ssO) B08 f 4E
A5 Z AR ES . 455 R [R2h 93% &R
SECSARR, 5 I R H, B R K ZE AR
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B CO, PR FE A3 B30 B A 70 SRR 43 5 e AV 7
T, CO/CO, RFRATEL LU BE 2 FEAIG; S Ak A
USR], KA A CO, IR 2 =
TIEMEA, CO/CO, P 5 A (3 3)-

x£3 FHTREEFRETFSIE UCG ARSSE"

Table 3 UCG synthetic gas quality of Xinhe bituminous coal under different gas injection processes
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AT A SIS0 % BRANY CO/CO, P/

HEATJT 1) SARFRIZEA H, co CH, CO, 0, IR 80 % Ny MJ - m3)
HH(93%) 27.06 39.42 9.33 21.42 0.19 75.81 1.84 12.85
EFEA HA(93%)TKFER 34.17 29.65 6.27 26.98 0 70.09 1.10 10.46
HA(B0%)TKFER 29.12 22.57 476 26.23 0 56.45 0.86 8.27
T 4(60%) KIS 19.28 17.82 3.22 32.64 0 40.32 0.55 5.84
R A & 4H(93%)IKFESR 35.55 26.33 4.26 30.81 0 66.14 0.85 9.73
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CO, PRBSIHUE ) V42 5B AT i A AR Ak 3R 41
PRBUIBOK P2 IR B U CO, RSB A L
SR, AR BT A R b B G SRR R
PETTFEAE CO, BERUK s AR BEA S A ARTR], WU IE )
FEAINE] CO, BEMCAYRE S35 T S )i EA o SRt Al
B3, FEFRE BT T, AR ZE RN R B IA
AR AR R T B Hy PB4, (R [ I {1
T CH, WA, ) CO, BT 5 A2 1) 2R B <
SRBEA R B PR R AN B, AT L5 2
BEG T A UREE IR AR P AR SR G e %

3 UCG BHHRZE A

UCG B I HEFR R 2 B F 20 4l 90 4E 4R L7,
21 ALK ) 20 AN B35 K, I 10 a BF50 MR

FKEIHEI ZE42 CO, Hb 4725 [a)H, UCG #%
25 W BN AR A I p s N7 e I, B T A R
YL R Ee U #5082 b, WFSE TAE £ J5 BR TR 0 5
IS FVEER, FiAR | BSOS E Z I T —
ARV, WA B, DB AT UCG-CCS/CCUS
BORAIAT PSR BT BE . 40, BT X5 9% [ 26 &8 Elling-
ton MG IR 1 800 m K T-HBTT A5, T4l T 24485 15
FXF UCG-CO, FEAMsEM, AR CO, B ARE
JIRES e 01T LIS B ek, B /i AR A i 25 1]
HA UCG A 7= Fidiigk CO, KB 40%, T A R
FERT b B SR H R (> 100 t/a) {40 75, H UCG-CCS
FPAE L AN 2B ), B Ry 7 o Bl ™ 3
[E {New Scientist) 4% & ¥R 5% Jiji 1] PEARCE £ % & 1
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A6 UCG TR 823 6] CO, B 77 AR e
9k 4T, BEEEE R G CO, 32 B A ETEAN
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IE T, CO, EAJGH 5K R Y (BTEX) 15 44 KF-1Kk
2], A4 ATE AR 1000 C LI_E &R AT CO,

i P (R 30 32 1, CO, SPI ME I A, S Ak B H:
A= AR TR RS s RO R LTI AR, s iR e 2
P B B 54, CO,/CH,/BTEX/Eh /K 1R A W i i A e e
HEERFRESH)Z TR N —BERLR, H
S R ) BIE K YRR S, X o, B RS Rk
(ERkEFB ) 4

PR, Sl UCG IHHE R S K HE R, X4 1
JIT 7 (845 7 T SR W RN AR A0 R B R A5 A B .
SR, JLT- i R R EH AR LR i, 24501
VESEWF 7T & X4HRM0 i T, B= RGeS B AN
BARTTEE; KT UCG WHEE A S A TR S B A A
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W1 56T UCG WHEFT M 7% 28 vl 47 A i 2E A TR
SRAFIL, T3 B b — 2B 5T T AUE SE B E 5 £ AR 40y
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M T2 5000k, UCG R ARG A EI 58 WUk fkom
EHEW ., %TU, BERE SR VTT, RN,
FLAHEE, BRI () UCG WHER ARBIF &2 22 WLIE 6,
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M bab O, J# I 44 O )k — 2 T R
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R4 UCG BRBHH AL BIMSFRE S 0

Table 4 Development bottlenecks and exploration directions of UCG carbon emission reduction technology
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