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Abstract: Carbon capture, utilization and storage (CCUS) technology has achieved preliminary progress worldwide. This paper
summarizes the progress in CO, geological storage with enhanced oil recovery and enhanced geothermal recovery by literature
review and our previous research, the future trend of the CO, geological storage with enhanced oil recovery and enhanced

geothermal recovery is presented. Results show that most CCUS deployment focuses on the CO, enhanced oil recovery, especially
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in the conventional oil and gas fields. 0.1—0.6 ton of oil can be produced by each ton of CO, injection. The way to handle
CO, breakthrough in the producer is the main challenge in the CO, enhanced oil recovery process. The research on the CO,
enhanced oil recovery will move to the unconventional reservoirs, the future research should focus on increasing amount of
CO, migration into the matrix of the unconventional reservoirs including shale oil and gas reservoirs, and coalbed methane
reservoir. In addition, CO, can be used to enhance geothermal recovery. The research on CO, enhanced geothermal recovery
mainly focuses on the comparisons of water and CO, as the working fluid. However, the further research on Thermal (T)-
Hydro (H)-Mechanical (M)-Chemical (C) coupling with CO, enhance geothermal recovery is required. The CO, geological
storage with CO, enhanced oil recovery, enhanced geothermal recovery in the same oil or gas reservoir may become popular in
the future CCUS deployment. This paper helps to accelerate the CCUS deployment, to develop the oil and gas fields and heat
mining in the same reservoir, and helps to reach the goal of carbon peak and carbon neutrality.

Key words: carbon capture; utilization and storage (CCUS); CO, enhanced oil and gas recovery; CO, enhanced geothermal

recovery; hydraulic fracturing by CO,; shale oil and gas; coalbed methane.
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Fig.1 Contributions of CO, storage mechanisms (modified
from Metz et al., 2005)
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Table 1 Cases of the CO, enhanced oil recovery
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Fig.4 Alternating water and CO, injection to delay CO,
breakthrough
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Table 2 Experiments of CO, injection in the shale oil

HEE SR WIR7A SR WAL B EEPEN

1 Wolfcamp CO,, N,, C, it K B G, B it 5k 7 IR Lietal., 2017
2 Bakken Cco, ot 2K e, T ok g R A, A T, R A A B Sheng, 2013
3 Bakken Cco,, C,, C, CO MR JEIKFEh Jinetal., 2017a

Bakken, ) _— .
4 Co, CO 8L 4r 791, LI i , 5 1 5k 7 ek Jinetal., 2017b

Threeford
5 Montney co, ot B Bk 5 2, 4% 2 43 B A Habibi ez al., 2017

Eagle Ford, Gamadi et al.,

6 Co, ik 7R

Mancos 2014
7 Eagle Ford Cco, F it N Tk ek i Adel ez al., 2018
8 Eagle Ford CO,, N, it TR AHBICRE | 5 i ok g WA L N2 T A Liezal, 2019a
9 HEA Cco, Ft: Oy T, BRIV K R 2 Lietal., 2019b
10 Bakken Cco, it T T A A T K 9 2 Pranesh, 2018
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P15 CO Bk A 1R, vl LU i 76 I 5 CO,
b 2 0 Bh g R (B an 2B SRS EE L L TR O TE
PR 25 ) 1 KO AR Ve BT AT ek L — O TE S N
Bl 5 500 m] AR ARG BRI S C O, 5 503 =22 18] A TR AR
J1, 55 — 07 i Al LR R COL7E 2 FLAr i 9 9 B AE
J7 K 5 T B A 7, 2 T A s C O, 7E Tl e Y T
A B O B 28R I R (Mahdaviara et al.,
2021). 2k FH SRR 22 307 7 . 0325 A i 19 CO,- B i 51
ik SR R B, COL-BI i 70 RE 95 e oy 5 o A 2 4% b
By 0 R IR, o CO,- 2 IR A W7 3 IR
PEIRIG , KR 1] 3k 51 80.7 % (Gong et al.,2020).
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—, DU H EORG 98 TR 3~5 aJF A2 S 7 A5
&R SR 2 A E A B, R A,
A 7K Ty B4 4 4 N HE A 2 B0 R (SRV) X8k,
I3 o XA B S A TR B 3 3 T 5 JE
P iy, 30 2ok 52 B 2H - fh B YT HOIE BT L 22 R Sl TR A
SEVE R, S 90 DI B e I A, B v D v O 3l M A K
MR 5 SIS SR R R X AR
FEAT A ERSECE R W IR AR
T3 RS RIS BOF i
15 DUA T R ORI . L Ah , TUA B R AR KRB
YRR LB, FL A BE [ A A 537 B A ELVE 43 o

U, LB AR A A 2 R AR W AR AR B TE 900K
FRL B0 10 . 7 A 7 B L A v 2 e g oK PR BRI
s, 25 5 WA T M AR IR . ) — T, TUA AU )R
T CO, 7t e CO, IXEAE AR L 58 R WY, 1 AF it
FAEZE I COL B 1 3 ) 2 W H i B A AR
FH$2 5 00 AR IR R B ik AT LSS B — &2 L )
B CO, b i 3 77 (& 5) (Du and Nojabaei, 2019).

T BUA A, CCUS AT iy H T2 A8 A
FHRE X = 4 A Atk be Xt FR e A7 0 5 19 12 BfF VR, R IA
W B T 22 B — AR A e DT A8 R TR B /O R R TR
B HE i )2 AR M T R B A AR Y H Y
F 5 AT R B 2 AR 3R A A A0 AR AR
JERHIF R CCUS I H R W], 7E TR MM R h A
AR AR DA i R AR MR O S B AR AR 1Y
AR, AT Ik B s A0 R = R HE R R B AR LA
TR S R o R A AR T AR A R TE AR
JZ W B RE T bE R e i B S BOR  Z2 1 AR ARk
TE 2 b W B 2 M2 R AR I K, PR T 25 S B
2B %R T AR BRAE L T ER R AR B
AN R A I A HE =, [F B e AR
T3 AN B R a2 B R T IR B Ak A
77 (Stevens et al., 1998; Clarkson and Bustin,
2000 M #EF-5E, 2007 5 XA 45, 2022) . F — B
By o 9 w] R 28 R M 2 b AR AR O
AT AT 2 7 < £y = W [ 5 R <3 3 C S C A
MR A S R fif 2 25 AT DL Ok R A A
S Ak ik ( Jiang et al., 2019 ; Shi ez al., 2022) .
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Table 3 Reservoir simulation of CO, injection in the shale oil
SERLBRE REFTR SR = )
2 i 0y ik - WAERUW  RUCHL % ik
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1 HEAHZ CO, At 11.0 0.2 LGR B ik % 2 Kong et al., 2021
2 Eagle Ford CO, H/RUR/KFEA 6.0 0.001 Dual porosity iz i R %5k Pranesh, 2018
. Sy FYHL
3 Bakken CO, it 5.6 0.071 EDFM X Zhang et al., 2017a
PR 480280 17
4 Middle Bakken CO, ot 7.0 0.01~0.001 EDFM g% I e i Zuloaga et al., 2017
Ir T,
5 Eagle Ford CcO, ot 12.0 0.000 9 EDFM N Yuetal, 2019
PR 480580 17
A ) Dual Permeability 434" #, .
6 Middle Bakken CO, it 6.0 0.001 N Jia et al., 2018
Dual Porosity PR Sl 2 iz
Dual
7 Watternberg Field C,/CO, Frit - 0.001~0.000 1 ) A FP 1L Ning and Kazemi, 2018
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9 Eagle Ford Cco, Frit - 0.022 3D geocellular 7 F ¥ HL Pankaj ez al., 2018
10 Bakken CO, ot 8.0 0.01 NA SFFPEL Mahzari ez al., 2019
Dual S FYH
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AN 17 B AR SRR v A [) B (B PO Kk

zH —

5T, LSO A 1 R A Ak
B B 7 0 FH T 4R i ORI R A, A A B
FRAKAE SRy T X T b #TF & BT S S R
FHAT . T #CA A8 2 0 w5 E AT i 2 oo T
A N7 M5 A PR G, IR A A AR T DLE R
JE LW AT 6 2 el (FE £ R 4§, 2019) . M B F
IKAE R 240, — A A ik R 28 T 75 B A TR
R, IFHfE EWEE LR, X TEL .
B it = 4h, # s R CO, JE 2 S fE 15 O3 Hb iR
HE L A2 7= 20 R w1 TR X 6 2 R 405 E
A Ak T 2R A G BF g a4 TR R E

Y N1 B A 5 R A AR T R

b R 24 3k & R = R — B B B T T I
7 3 5R R M AR g b, MR T K, TR RE
JE 22 T 25 AR B A Y B R A R OR, BRA
VN =Sl A i = N 2 /P u A L
MR T CO, MM i & 77, L HEHT
KGR B Z A X HE R B T AR R R
Hi AR IR B A S BF 9T 2 5 TR, H AT Y
W 5% & AR b R R T k5 K AR
TR N3 Sl | 2 T B R O .7 N i 5 S 1
AT A, B ES N Yy B
g A RS A A ik T kb
ot R R w2 T — B B R BF 5 1)

o

=24
W



2740 i BR B 27

http://www .earth-science.net A8 B

4

ZERUREREXFR

Table 4 Researches on hydraulic fracturing by CO,

LEESE

FEWFTE N

Settari ez al., 1987
Zhang et al., 2017h
Verdon et al., 2010
Middleton ez al., 2015
Kizaki ez al., 2012

ST BUE AU F T AR RLAORS B2 CO, R R4 g b R 35
S T BT T A M B T R e i 2R e e 2 L L ML
TR AR T 2T L3k B 5 0K Ty T R TR Y TR ZRAICR

R S S Ptk s AN AU AT LA T 2R84 1) A A ity HL AT LI B Y68 % VR R A A
TR IR AL B A LK ) R SRR A

r

Ishida et al., 2012;Chen et al., 2015;Zhao et al., 2018 A AL B 5 24 Fr 5 B 00 B 75 76 S A%, OF EL7E FE a4 m B iy i e oy X%

Bili A 45, 2008 5 58 A 4 A1 3L, 2015
Rk, 2011 ; PNER2E4E, 20165 14 53,2017

AR T R RLAE YT RS2 BN A P BB AR R S A AR S
AR TR

SZRNR IS 1Y B AL S R G A T R

i e 5 — %Lfk@’%ﬂ’]*ﬁf’f”f& B Uk BE LIRSS B (AR A 7 AR e F HAR g
AR TTRURE L AR B

TFHSE, 20185 5Kk ik ER , 2018

x5

"R RBATR

Table 5 Researches on geothermal development by CO,

BT

XIS AR, 2020

Cuietal., 2018

Sun et al., 2018a

Sun ez al., 2018b

L, 2018

Brown, 2000

Pruess, 2006, 2008

Atrens et al., 2009

Luo et al., 2014

Cao et al., 2016;Wang ez al., 2018;Chen et al., 2019;

Guo et al., 2019
Atrens et al., 2010

Pan et al., 2015

A ,2014

AF,2020

Gan et al., 2021

AR ARG BE G AT ) Y R R 22 R L SRR R B T A K Y
1~6 1%

TR TE A Z T DA AR B R KO T AR TT R b B
FA R iR

FE U B v R S B T R AT &*4HMIM%F¢AT&
M B A5 A3 — I S 8 U R rh g AU R R S R IR 5K
MR AT 3R DL AR AR A B T R T R A R T R b ARG AR R
F &

T T SR 3k 8 v K0 3 < T R TR e 09 K R IR I R A — 26k
YRR AR B My, SR T AR T & b R R v AR AR A 9k T
S M 5T A7

TR T U A R A R T R I e M AR AR B 0 T R 4 T
E R I TR A K o B 2 S 0 A R A8 I FE B, — AL Rk IR
Bl Pk RE SR T K M AR /N Tk, R R K Y UM RE R

CO, i i 5 2 R K 9 3.7~4.7 £, 7E A% I 4% 2 — ST Bk AR 1 RE A
B A )E A T R AR A T AR BRI i B i R K A TR
2 2 3R BE R 0 7 AR B Wi 4 /N
ZRARTR S 7K T & Hb AR A Y

T SR I B4 B LA e AR B R W N R AR A A R IR
a7 T p e T 28 TR AR R B

TR R CR AL T K IROA

IR B B T = S A o BUEA

TR AR TR AR AR T I T R P L BE TR AR 5006, A B ) A pl e AR
JEJiA7 B 7 AR A AR 2 B 1T

AT P R R G A T 0 B K 5 T A AR G AR
BB, 277 J5 I RE 2 — S P M 7™ e 36 2R G ) IR B3 i
KIF# T

AR T3 ELXS I, 2K 23 S R R = AR T A 3 TR, B

il 2 09 FLIB R AR TE AR A B A AR A B R AT A B T AR AL
BRI RHEL T 02 5 A2 N — SR R P A S e




57 1] #

5075 A AT KR T PR b AR 1 -

3 ARk b BT B A N U [ 4
ORI AR YR R R

W% 6 s, H i A 4R B T & R R AR 1%
ACHETT IR AR R R R 0 BROK AT T AR
BB 5% LT ARk B A R R R
W T AR IT &, AR BB S R
FH s #8TF & 8 B 90 IE AE A2 B )32 S0 i R A
TEAN A b T 5 oRE, 1T LA CCUS JF FE 42 it 5 22 9 2
Tl 25O ot AR aih SO 38 5 A R B 0 M B BT R T
Bz i O M IR T LT & R, DA AT LT A R A
P AR R A KT W 6 BT R AR — B B oA i
FH — YRR, 56 B Be R T A S Ak B #b e b 2

JE 77 Ko Z A A S m A AR B B 7 4 AR AR AR
et T B Ve TR AR R I AR IR R = BT R
A AR B S DU B B, T T SR IR TS TR
P AEAE K o 0 A e O R b )2 78 4 46 B D b
8 BRI AR 77 I oo A A A S B
BIT &, TR YR 92 B At AR MR b ik
A7 B 1R b PR MR S AR AR B A R R
FE 5 100 “CRl T & L, 3R VR TR EE AR T
100 “CRJ H] T4 15 R W i P B4 4 TS R 55 R
A B 0 FE R A2 7 EOR T R A T FAE 2
Hb BRI S A CCUS 59l = BB R] 2 AR
SR PR ) AU ke e TR R 8 TR A R R (X
Woe s, 20135 FAH#AE, 2014, 20205 TR,
2017 ; Zhang et al., 2017c ; Wang et al., 2018a) .

x 6 HHEMHRARIA
Table 6  Utilization of geothermal in the oil fields

T A Mo FATF S A EEBUN
B 7 T JE 30 I 66 CHAK T L g Wang et al., 2018b
9 25 F1 T oK T e Wang ez al., 2018b
o [ e ]k 20022015 4F- 31 7™ th #AK TR |, 9524 30 000 A5 HELEFIT 20 000 5L 1 14 A& Wang et al., 2018b
RNESFURE R eS| i 7 Y AROR T TR L 445 1 29 24 000 U TR 9 T AR Wang ez al., 2018h
rh I K P T EH 7 ROK T TR, AR 29 7 000 bR i AR 1 T A Wang ez al., 2018h
ERNES I AR T EH ™ R ROK O R L AR 29 3 000 ChR iR 1 T A Wang ez al., 2018h
5 MMk W 3l Il ™ 100 CHY UK T+ & i ZEHLRLRE 132 kW Wang ez al., 2018b
2 E ALk Btk H il ™ 100 CHY KT T & f , ZEHLRLAE 250 kW Wang et al., 2018b
RNESREh TN il ™ 110 CRY KT T & i, ZEHLRLAE 310 kW Wang ez al., 2018b

o [ P R il il Y 103 “CHY AR IT T & L, BEHLILEE 80 kW

w5, 2023

S

A

(a)— I %

B

13

/*ﬁ
L)z

el g e o

()i B 77

(d) = AL TR T 503 A% K B 4y 77

F6 AR AR U Rl S R R B R AR B AT

Fig.6  Sequential enhanced oil and gas and geothermal energy recovery and CO, sequestration
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