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Abstract: To address the dual challenges of global carbon emissions and industrial solid waste disposal, this study

proposes an integrated "carbon sequestration-solid waste disposal-abandoned cavity utilization" three-in-one engineering

scheme. This scheme combines abandoned cavities from Underground Coal Gasification (UCG) with fly ash

mineralization for CO, sequestration. Using CMG-STARS software, a 3D, threephase, five-component coupled

model was developed to simulate the thermodynamic and mineralization behaviors during the injection of fly ash slurry

and CO,. The study focused on the effects of different CO, injection rates on temperature field evolution and

sequestration efficiency. The results indicate that increasing the CO, injection rate significantly enhances the intensity

and spatial uniformity of the mineralization reaction. For the same total injection volume, increasing the rate from

20000 m*/d to 60000 m?®/d improves the sequestration efficiency by approximately 15%. While the injection of

low-temperature CO, initially causes a cooling effect, the exothermic nature of the mineralization reaction gradually

reverses this trend, stabilizing the temperature at approximately 250 °C. This study provides a theoretical basis and

parameter optimization strategies for the development of this integrated engineering technology.

Key words: CO » mineralization sequestration; fly ash; carbon sequestration; underground coal gasification cavity;

injection rate; solid waste utilization; numerical simulation
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Fig.1 Schematic diagram of CO: sequestration

model in post-UCG cavity
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Table 1 Petrophysical parameters of the reservoir
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Fig.2 Temperature variation profile
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Fig.3 Slurry injection volume distribution schematic

2.2 HEARIBAFLRE DT A

FETE SRS |, 45 45 78 T8 00 0 5 0 AR 1) 25 1]
W IR A CO,, ik B E 77 H i . 5l g B4 CO,
AT A GHE R R 5T CO, A [ A R R 5K 1
SACIE NI B RCR . RIS R E M R
5 PR A B A7 8RR AULIF 5T 00 R AT AL
CO, T A RSy 512 20000 ,40000 F1 60000 m?/d , 1
AFTA] R 180 d.o
2.2 G2 W7 8] 43 A LA

B AR T CON IR A B 3 6THif )2 1R 3 v fk
MR ALE . HE AR, B AR COLRE N
20 C,Im AL F A TR B, AR AR 9 i e AR
Hh A R R 5 BUA 2 R  IX S R G
FEIE 20 °Co COLTE A E 6 & , HA 15 ] N 2F A i
T B AR IR SR 22, A% 3 000 B A UL R R

LR P A R K B AR SRR AT L CO,

50 IR DR TR i B B AR W R A AR RN L 0
R A TR, 2 1 T 306 7 Ao 0 10 4 B RN fifE
R FTFE 250 CAEA o AR S, HA7 i
6] N 2 5 R CO R, N B R 2
ek DX A 52 7 8 TR i S PR D R L A T A T
it B 48 78 AR A ALE AR TR COE A SR %
HIRN 5“0 b B G R 8 i 28 B R AL, A
SR TR Hh g Ak T A SR e S B A B 4
o7 R R 1 B B T A R 1t T IR KA

SR T COMARRFEAERA AR I+
SR, COLaE A S AL IR 5 TV 5 9 A 5 B3 A4 4
IR I = A R, 2B U TR 5k 1 ) I S R 2B
F o Bl COfm i U P 5597 10, A £ 57 22 X 38 1) #
WK S 55 B 2 . SR, 2 S ALk N AR
AR IS B B AR 0 B A i PN 4 DX R R A
K5 COLTu 5 45 fik , WIRTFRAR T 48 AR B A7 80% . Bl
FEAE RIS, COM BB R 1 i S B 3%
PR RO T AR X 8 A H ] S R
B 2 R 5 500 . 25 BRIk, 4R R COLTE A 3R AT
B SARTE R IR AR TR B B RE B R R
IS 905 FET, TR T 5 T 0 A7 2808 AT S A R D 1 A B
Y A T8 LB 3w Ak st A7 4R L 3 R A
2.2.2 BB

XT TR I KAk 5 A7 o A, 7 B AR I R AT 4k
ERPT 5 ARG TR T A CO,, B 58 T A W)
CO, T A B B AEROR



#5355 1 2 R R AR R IR T B A CO, BRI 35
900.00 200 it b R0 F I H G R A R
288 1o 2 B i BRI CRRAE o A AR R A R Y 4%
200 PR L HE A 20000 m?/d $2FF % 60000 m?/d,
300 N . e g s N
200 WAL B R T = 24 15 %0, B A v A R 1k sk
‘ ‘ N 20.79 FHARM W, iR g 32 T A 3R X
PATHIRG  TRATURSOD R ATRIZ00 S 25 P DA AT «— 7 T 5 P ) 7 903 7
(a) CO,EN#220000m/d . : s . o
: " o0 COAEMBEIRIE IR 1975 5 S5 HORE 1 35— 7 T
N 500 BN A COA R T~ B Al 7 L 349 7 2 % T L
§§§ BELGE S DI AE (T R R IR T 38 M4 75
%88 COE AR A R TH BRI ik B 77
207 1100 T BB AR T SR B
HEANAAR60d  JEANSMARS0d T EANRARI20d
(b) COENHEH40000m*/d 601 2%10° m¥d
900.00 %00 — 4x10*m¥/d
— 6% 4
= = = 00 L oasl 6x10* m¥/d
600 g
500 =
. . . 10 5
%00 55, 3.0F
20.79 1% @
HENAUR6OD  FEASAS0D  vEAASIA120d 15}
(¢) CO,FENEZFG60000mY/d
B4 BEZLTE 0 30 60 90 120 150 180
Fig.4 Temperature variation profile 1) /d
0.99 Ee6 EXEZERMETE
r e = ' 828 Fig.6 Temporal evolution profile of
. ", 'O 838 mineralized solids volume
FENSAE60d  FEASME120d NS AAK180d
ENS A ENS A FENSE 3 @

(2) COJEN#%20000m/d

. . - o0
\ \ \ 0.60
-» - P P 981‘2‘8
EANROOD  HEANURI20d  FEANAUR180d ’

(b) COENHZ£40000m?/d

0.99
- . - 0.80
| | | 0.60
0.20
0
EATR60d  FEANTAI20d FEATIR180d
(¢) CO,ENHEF60000mY/d
M5 HEEREETE
Fig.5 Spatial distribution diagram of

mineralized solids formation

P 6 JEE7R T ANTA] CORTE A A X 16 B A7 R Y
S 1% E 60000,40000 A1 20000 m*/d = Fh i A
AU ZE SRR, B I a0, AN Rl AR R

AR B 538 S B B N T 4 AR
Y14y BB T S T AR R S AR e R R fk
JiE FEE A COLSR 5 b IR AT S g, 2 T 55 30 3
70 5 RS T AR CO, 7 A R A R
3] TS5 8

(D) FE AR B b, B I K nT 3 2o Bl 2 3k Ak S g
[ 7 C O, B /8 1 A 58 n] 4 KA 5 B g 1 AR A1
COAERMKRP B E ., 16 COLME A MM R 1 41
LB A R ] 2 TR A R 5 B R
A H# A 20000 m*/d £ F+ % 60000 m*/d, ™k 35 7
BB R 29 15, FLIE E COf 2t Bl 2 $2 75

(2)COLE A =2 18 45 B 47 a3 8 v I 3 1
Ry s N &, 20 CIE IR COL7E A 58U ML s
TR Ak I R S R TR e, R T
250 ‘CAEAT o A ide A T3 AT A5 %507 £ W #4544
RE AR Ryl AR R R B AE COL TR 1 $4 2E



36

BhiR T 7

202641 H

et 4 L AR

)BT L B A7 COE R Z LI N Z Y

T 375 03 [ 980 2 0 A T A R M) A A A RE
YA 3 PR TR A A S R AR R B s A B A O R 5 M
S TE] A B IR AR M P R L OC B R AR

2 % 3Lk (References) :

(1]

[10]

[11]

ERI I sk B I L AF AL A B IR A R R A SRR B HE ORI 5
[J]. 2 ERAEVR LKW, 2023, 6(6) : 577-587.

WANG Libing, ZHANG Yun, ZHENG Wei, et al. Research

on demand and carbon emissions of non-energy use of fossil ener-

gy [J]. Journal of Global Energy Interconnection, 2023, 6(6) :

577-587.

Li JJ, Hitch M. Mechanical activation of magnesium silicates

for mineral carbonation, a review [J]. Minerals Engineering,

2018,128:69-83.

Ho H J, lizuka A, Shibata E, et al. Circular indirect carbonation

of coal fly ash for carbon dioxide capture and utilization[ J]. Jour-

nal of Environmental Chemical Engineering, 2022,10(5) : 108269.

XUBEU Oy B Fie , SE 3L AF A E CCS/CCUS S Jig 205 1

FmE[T] KRR 5 A1, 2024,42(5) :8-14.

LIU Guizhou, FANG Ruirui, DOU Lirong, et al. Bottlenecks

and response strategies for the development of CCS/CCUS in

China[J]. Natural Gas and Oil, 2024,42(5) :8-14.

Orr F M Jr. Carbon capture, utilization, and storage: an update
[J]. SPE Journal, 2018,23(6) :2444-2455.

AR SR BRI, AF L T ST B M T A A P S KU B T

TR GR [T] 45 T 7%, 2019,37(2) : 13-21.

LI Qi, CAI Bofeng, CHEN Fan, et al. Review of environmen-

tal risk assessment methods for carbon dioxide geological storage

[J]. Environmental Engineering, 2019,37(2) :13-21.

Seifritz W. CO, disposal by means of silicates[ J]. Nature, 1990,

345(6275) :486-486.

BT BRSO, S5 RLBEVA B Y CO, 3 7 0 S — o P [

W 54K T 4T B 5 s ] (7). A4 TR, 2023, 50(S1) :492-497.

ZHONG Xiuping, CHEN Chen, GUO Wei, et al. A new ap-

proach to CO, storage by "treating waste with waste": solidified

in underground waste spaces using alkaline solid waste[J]. Drill-

ing Engineering, 2023,50(S1) :492-497.

JHL T, R R R G 4 A A B A B B 2 B PR A

[J]. a5 5Bk, 2022, 34(6) : 20-28,49.

ZHOU Xinyuan, TANG Guoqiang, ZHAO Lianzeng, et al. Re-

ality and economical analysis of carbon dioxide storage[ J]. Petro-

leum and New Energy, 2022,34(6):20-28,49.
Xu G, Shi X M. Characteristics and applications of fly ash as a
sustainable construction material: a state-of-the-art review [J].
Resources Conservation and Recycling, 2018,136:95-109.
Mohapatra R, Rao J R. Some aspects of characterisation, utili-
sation and environmental effects of fly ash[J]. Journal of Chem-
ical Technology &. Biotechnology, 2001,76(1):9-26.

(12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

Erdem H H, Akkaya A V, Cetin B, et al. Comparative ener-
getic and exergetic performance analyses for coal-fired thermal
power plants in Turkey [J]. International Journal of Thermal
Sciences, 2009,48(11):2179-2186.

XuM H, YuD X, Yao H, et al. Coal combustion-generated
aerosols: formation and properties[ J]. Proceedings of the Com-
bustion Institute, 2011,33(1):1681-1697.

Burton E, Upadhye R, Friedmann S J. Best practices in under-
ground coal gasification [R]. Oak Ridge: Office of Scientific
and Technical Information (OSTI), 2019.

KT, TG 1R SR A T A B BUR B B T S it
(D)4 T8 C& 4548 T8 ) ,2010,37(10) : 14-16
ZHANG Ming, WANG Shipeng. Technical situation of under-
ground coal gasification in China and abroad and the study prog-
ress of ENN[J]. Exploration Engineering(Rock & Soil Drilling
and Tunneling), 2010,37(10):14-16.

Mandal R, Kumar R, Ansari M S, et al. Underground coal
gasification techniques for different geo-mining conditions [J].
International Journal of Oil Gas and Coal Technology, 2020,23
(2):199-217.

LiLL, FangHJ, Ge T Z, et al. CO, sequestration in ucg cav-
ities: research progress and future development trends[J]. Chi-
nese Journal of Theoretical and Applied Mechanics, 2023, 55
(3):732-743.

Jiang L L, Chen S S, Chen Y P, et al. Underground coal gas-
ification modelling in deep coal seams and its implications to
carbon storage in a climate-conscious world [J]. Fuel, 2023,
332(Part 2) :126016.

Sheng Y, Benderev A, Bukolska D, et al. Interdisciplinary
studies on the technical and economic feasibility of deep under-
ground coal gasification with CO, storage in bulgaria[ J]. Miti-
gation and Adaptation Strategies for Global Change, 2016, 21
(4):595-627.

Klimenko A Y. Early ideas in underground coal gasification and
their evolution[J]. Energies, 2009,2(2) :456-476.

Friedmann S J, Upadhye R, Kong F M. Prospects for under-
ground coal gasification in carbon-constrained world[J]. Energy
Procedia, 2009,1(1):4551-4557.

FOUUWT, H R AL PR L AF XU H bR e T SR A B 4 Ji)
CO, M N B A7 48 5 H R MERE IR R [T ] o 4z, 2022, 47
(1) :45-60.

WANG Shuangming, SHEN Yanjun, SUN Qiang, et al.Un-
derground CO, storage and technical problems in coal miningar-
ea under the "dual carbon" target[J]. Journal of China Coal So-
ciety, 2022,47(1) :45-60.

i s, W=, XUHE 5 .CO, B A7 BUIH B 5
TR [T ] B PR TR, 2023,50(S1) : 498-501.

MA Yingrui, CHEN Chen, LIU Xiang, et al. Numerical simu-
lation study of CO, Sequestration: taking a western oil field as
an example[ J]. Drilling Engineering, 2023,50(S1) :498-501.

DYLEHIE S

(%4 FEskih)



