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The Study on Decarbonization Pathway and Structural Transformation of

Oil Companies in China

LIAO Lulul’z, LI Genshengl, SONG Xianzhil, FENG Lianyongl, GAO Qichaoz, CHENG Shizhong1

(1. College of Petroleum Engineering, China University of Petroleum (Beijing) , Beijing, 102249, China; 2. Sinopec Research
Institute of Petroleum Engineering Co., Ltd., Beijing, 102206, China)

Abstract: The 2015 Paris Agreement proposed that the global average temperature rise by the end of the century should
be controlled within 2 ‘C above pre-industrial levels. In order to actively respond to climate change, the Chinese government
has put forward the goal of “ carbon peaking by 2030 and carbon neutrality by 2060” . However, the economic
transformation under low-carbon operation still faces severe challenges. In this regard, based on the carbon market, carbon
trading and carbon policy, the status of global CO, emissions and the energy transformation measures taken by international
oil and gas companies for the dual carbon goal were investigated and analyzed with data mining and artificial intelligence data
analysis. Based on the status of carbon emission in China and the practical decarbonization technologies in the oil and gas
field, four key recommendations for decarbonization pathways were put forward, including popularizing new low-carbon
material and technologies, promoting general carbon market standards, formulating protective policies for green
transformation enterprises, and encouraging low-carbon research and development. What's more, five key areas for the energy
transformation of oil companies in China were proposed, which are accelerating low-carbon development and exploration of
oil and gas, carrying out carbon footprint full-chain evaluation, promoting intelligent and intensive development of shale gas,
expediting research and development of hydrogen energy and CCUS technology. The research results can provide a valuable
reference for the achievement of the dual carbon goal and the smooth transformation of oil companies.

Key words: decarbonization pathway; structural transformation; transformation strategy; dual carbon policy; carbon
capture, utilization and storage; low-carbon development
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Fig.1 Classification based on the trend of carbon emissions in different countries and areas around the world
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saline aquifer

PSR S7 V= DS K S N s e /8 i 1]
AR K o 257 55— A AR AR 1 LA F g
TSR A 5, B = KBRS 3 TR 22 58, 48 ARl 4
AR A T 52 56 22 0 5% sl /N R I8 B BE, R SE AR
PRAE %

MBI 5, CO, B i 27 832 B A N i A A
AR E R CO, il A5 I8 i 2% 7 AR B B
VRN, TR 58 A 100x10° t AR 4% BE J1 1Y
I B0 AT, I AR R A e TR,
I A5 T ik BR i Ak TR SIS B B

AR, TRE CCUS £ A1 KL AR & i
W, ZRHHARANKIRI ., Cco, WAHMEFAT A
KR, T LU R X A A R e, AR S
e v 8 35 D AR AR 5 RUOR s CO, I 2 LI v Ak
FWF K B B, 0K LA SRy T 0G5 A5, R B i [ B
BYERSH, LL5EE CCUS DA RIK £
44 SHEHEAR

it v [ AR R A Y (b AU RE R Bk
W A ) FiE, #2025 4R 3R H A RE P Pl
Bk B 400 T E IE 3E A — 4T R I AR R4 1
CHBEITAR T, QT A Y A 0 SRR R 45 1k R
W 5E 3 ARl BE B A A P O 7R 3 3h L R TS
FEAEAT RS, BBl Db E A R TR
] BV B SR AT o 0 H AR,

o LA Ak AT a4 S T R TR AL T A R
JE 5 H AR, I by g DL RE IR IR A LR, LAY
A AR AL T3, DU REUR . Bid R Bra b
HEWRMA “—FEPTHR =57 A% R, 85
WL, SUREAE A BT A VR A B — A, B RO R ORI
Ty i P fE R s AR B S, T B AT
AR BT 2 M ATl A, T S AR R
W AR R S ULk L

B 2020 4R, A E A A R RN A iR
T H 27 A4, 43T 45 WL ) R SR A
Hb, JF R B 2025 4F, FIHTEA 30 000 JH i |
870 JAE Ik AR SRy AL A, 1% 1000 J8& Jin & 3 a7
A, DAY 2 28 i A S 11 Al Bl 7l % 1 e DR
e, Hardh E AL E IR 7R R e ST | L T AT
ST R T, FTIE A S L I Y A N B IR T
HE PR 2 384%10% t, A 11.5%., 2021 4F
SAH 12 H, WEA RS K RERLE T AR
WA VERE ZEEM L, B e S RE . BB AR &
SRE AR FE T R IR AR, I AR =k A E
bR G B4R R, s gk R s - Ml



F 5145 % 148

Besk st KB BLAK 642 5 b o 8) 48 R 35 A RO AT R <121

B3, Bl E SRRl e o R

H A, o ) SR8 1) G s s AL E R AR, A
ARekEE B ER R RE, A RESEE
B, BB E K. 7o, %A AR A
F w56 sE gL, A ReVE S A R AR
| O o3 I 7| D E R AN v N L T
g, LLH 2008 AVEVEA | S35 55 07 AT
oA 5 SRR 2 ML A 1 — R Ak B R iz B R, M A
AR REA | Al B i A e TR A

SR, T Al AR B AT T 0 B IR R 5
K H S RE ST, A BARRT KR . S REF= Ik AR &
J' T LA SE 75 43 AR BRA H Ak Aol g 1 7= A TR 56
R & | R SRR B AR & T A HL A K A
W 7 o D T T N 3 1V N
[ES /2
45 MESBHREATE

FEXF TR A, R AR HA IV & L Bk HE ik
DRRCE P, FRETUA STz | R
— AT EHMEERK, IR 0.21%, HIFEHE
T USRI 2 o3 A 7E Bl LB M X, b T 2%
TR, KRILAK J1 e 2445 Mk LUGR) T J& . W)
B, DUAE AR Z MAES T Wi v, 2 TREAR K
BRI, H9 3 500~4 000 m Y 7 A SR AE SR A5 52
MRS, RHIASE Rl AL TP SR AR 3 — EL R B S
PRI, 23X 5 5 1) S 6 T R TR o, T AR
FRUR WU A 3 ORELR, T AR AR o A
A ORI R iy, SRR AL, X R L
TSR TIF R b2 2 #

35 1 0 B ST R AR TR K £ N,
TIOR8 5 R RE A A RE S B TR A
BT R LIpLg S AR B AT HRTEAL
PR AR LM P R A B AR, T O T TR
FE BEOR B IR B G 34 T B, Btk BT K
W IE R, GG Re Oy ik, i B
FEHE A AL F AR B P 0 = ik, g5 2 A RS
T T RS AR, Y —EE T B AR5
DX I Ml T TR — IR S 8 R AR AL &, W] ol BT
HEITRRRH SR T B, P EAA
] PN 5 R 1) L S —— 5 B s A, ] DA
B K& 1 0T SO B, A0 M L . TR AR
7R R A, TR B B B R, A
AL 7= 5 WO A T AR A AZ O AR ik, S — 1Ak
TUA G2 VPAG, T2 A0 A3 i BIF L 4 R
BEE T R SEALTOT, MR E T A A 2 (AR

AT %

B BUA SR IT K A7 A (9 T2 BEAERE, [ >4
TR R F RS g, o —EE T
P D UM SR Y i JE I R v A EOR T 125, I
CRET T BOR ERZOER, LU R
RETF R AR B F Ak, W, ZR T4k ok & 1
#, IE RIS X 0 R, JUHAE H AT O
XHGLT, B FEh AAT Mbe Th g 53 004 28 7 A A
BORZFFHWE R T, )72 38 FHls 14 7] LA
SEH R A

5 ZhE

FEH S “2030 kil g, 2060 G AT B H
b, ARG AT N 2B AR5 R I I o IR Pk AR . o iR
AL R RHE T, TR Rk IS I |
HORT” AR RN R SR A A T A S & T R T
PN, ecHE TAEE S m A . B AT, 3% E e IR %
U 780 3 B B, WA B L & gt R IR
P B SR A B T e KRR b B AR BB U | &8 3 AR
NEER SRR Ty . FRE CBREEAR 7 NIRETEK
IR B AR M RE S A SR L [ B 3d FH 0 e T A
BILAR | g € 28 A0 Al 1) D 4P Pk ORI B Bk il
T SE D7 T o 53 Ah, NS AR A AR R O K
R A R I A EEEA L ORI R AT L.
BB CCUS 457 M H i A, LAB) 7 [ 2 0 5 T
TP R b 5T MU H A

& £ X W
References

[1] BATAILLE C, AHMAN M, NEUHOFF K, et al. A review of tech-
nology and policy deep decarbonization pathway options for mak-
ing energy-intensive industry production consistent with the Paris
Agreement[J]. Journal of Cleaner Production, 2018, 187: 960-973.

[2] GOULDER L H, HAFSTEAD M A C, DWORSKY M. Impacts of
alternative emissions allowance allocation methods under a federal
cap-and-trade program[J]. Journal of Environmental Economics and
Management, 2010, 60(3): 161-181.

[3] LAMB W F, WIEDMANN T, PONGRATZ J, et al. A review of
trends and drivers of greenhouse gas emissions by sector from 1990
to 2018[J]. Environmental Research Letters, 2021, 16(7): 073005.

[4] ABRAHAM-DUKUMA M C. Dirty to clean energy: Exploring oil
and gas majors transitioning’[J]. The Extractive Industries and Soci-
ety, 2021, 8(3): 100936.

[5] HARTMANN J, INKPEN A C, RAMASWAMY K. Different
shades of green: global oil and gas companies and renewable en-

ergy[J]. Journal of International Business Studies, 2021, 52(5):


http://dx.doi.org/10.1016/j.jclepro.2018.03.107
http://dx.doi.org/10.1016/j.jeem.2010.06.002
http://dx.doi.org/10.1016/j.jeem.2010.06.002
http://dx.doi.org/10.1088/1748-9326/abee4e
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1057/s41267-020-00326-w
http://dx.doi.org/10.1016/j.jclepro.2018.03.107
http://dx.doi.org/10.1016/j.jeem.2010.06.002
http://dx.doi.org/10.1016/j.jeem.2010.06.002
http://dx.doi.org/10.1088/1748-9326/abee4e
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1016/j.exis.2021.100936
http://dx.doi.org/10.1057/s41267-020-00326-w

<122 & R S S S N 2023 % 1 A
879-903. [17] vy, BRGE, e, . —RALRRIRER 5 HLAE— AL B (A

[6] WEN Huwei, LEE C C, ZHOU Fengxiu. Green credit policy, credit [3]. H5Fhih kL, 2021, 28(2): 102-107.
allocation efficiency and upgrade of energy-intensive enterprises[J]. GAO Ran, LYU Chengyuan, LUN Zengmin, et al. Integrated nu-
Energy Economics, 2021, 94: 105099. merical simulation of carbon dioxide displacement and sequestra-

[7] FLAKSMAN A S, KOKURIN D I, KHODZHAEV D K, et al. As- tion[J]. Special Oil & Gas Reservoirs, 2021, 28(2): 102-107.
sessment of prospects and directions of digital transformation of oil [ 18] MENG Xiangyu, GU Alun, WU Xinguo, et al. Status quo of China
and gas companies[J]. IOP Conference Series: Materials Science hydrogen strategy in the field of transportation and international
and Engineering, 2020, 976: 012036. comparisons[J]. International Journal of Hydrogen Energy, 2021,

[8] MIKOVA N, EICHHAMMER W, PFLUGER B. Low-carbon en- 46(57): 28887-28899.
ergy scenarios 2050 in north-west European countries: towards a [19] LU Jun, ZAHEDI A, YANG Chengshi, et al. Building the hydrogen
more harmonised approach to achieve the EU targets[J]. Energy economy in China: Drivers, resources and technologies[J]. Renew-
Policy, 2019, 130: 448-460. able and Sustainable Energy Reviews, 2013, 23: 543-556.

(9] akzZEm, F/3C. bR A hA 7 &SRB R &5 1 s R [J]. E bR [20 ] BUIRA D, TOVILLA J, FARBES J, et al. A whole-economy deep
FMZETY, 2019, 27(4) : 66-70. decarbonization pathway for Mexico[J]. Energy Strategy Reviews,
ZHANG Mengli, YUE Xiaowen. Enlightenments of new energy 2021, 33: 100578.
business development in the international oil companies[J]. Interna- [21] HASAN M M F, FIRST E L, BOUKOUVALA F, et al. A multi-
tional Petroleum Economics, 2019, 27(4): 66-70. scale framework for CO, capture, utilization, and sequestration:

[10] ROMEROJ P, GRAMKOW C. Economic complexity and green- CCUS and CCU[J]. Computers & Chemical Engineering, 2015, 81:
house gas emissions[J]. World Development, 2021, 139: 105317. 2-21.

[11] EfE, 6Hmas, AR, N TR e s TA b i TR 5 [22] REN Xusheng, DONG Lichun, XU Di, et al. Challenges towards
KB 7). AhaERT.2:, 2021, 43(4): 420-427. hydrogen economy in China[J]. International Journal of Hydrogen
WANG Minsheng, GUANG Xinjun, GENG Lidong. Application Energy, 2020, 45(59): 34326-34345.
status and development suggestions of artificial intelligence in [23] #aE2F, Fiik. hEATUA AR BOR 24 R UK 5 %
drilling engineering[J]. Oil Drilling & Production Technology, JRAL [J]. AIMEHREAR, 2021, 49(4): 14-21.

2021, 43(4): 420-427. JIANG Tingxue, WANG Haitao. The current status and develop-

[12] SERB, R, K22, % AT REAE 2Rk A Tl 45U 7 30 ment suggestions for Sinopec’s staged fracturing technologies of ho-
WRERTFEE (1], AIETER T2, 2021, 43(4): 405-419. rizontal shale oil wells[J]. Petroleum Drilling Techniques, 2021,
DOU Hongen, ZHANG Lei, MI Lan, et al. The application status 49(4): 14-21.
and prospect of artificial intelligence in the global oil and gas in- [24] WH, B, 8, % KPIRE 405> B B iR AL IR 2 F R F5E
dustry[J]. Oil Drilling & Production Technology, 2021, 43(4): S5 F (3], HEFP IR AR, 2022, 29(2): 141-148.

405-419. MIAO Juan, HE Xusheng, WANG Dong, et al. Study and applica-

[13] wpfedi, ZEE R, IMEAR, 5. N TA SRR H-HARBIFT ) ik ST tion of fine segmented deep acid fracturing technology for horizont-
B[] BRI AR, 2021, 49(5): 7-13. al wells[J]. Special Oil & Gas Reservoirs, 2022, 29(2): 141-148.
YANG Chuanshu, LI Changsheng, SUN Xudong, et al. Research [25] LIAO Lulu, ZENG Yijin, LIANG Yu, et al. Data mining: a novel
method and practice of artificial intelligence drilling technology[J]. strategy for production forecast in tight hydrocarbon resource in
Petroleum Drilling Techniques, 2021, 49(5): 7-13. Canada by random forest analysis[R]. IPTC-20344-MS, 2020.

[14] FHUE, Wz % B M2 ATl & R TE 34 B x5 [26] WEfE, XVLLA, 206, 5. [ SR SUA M R B0 H AR BUR K &
W (7], AT B REOR, 2021, 49(5): 1-6. JEFEBL[T]. ATIAS IR, 2021, 49(4): 1-7.

WANG Minsheng, YAO Yunfei. Development situation and coun- CHEN Zuo, LIU Honglei, LI Yingjie, et al. The current status and
termeasures of the oil and gas industry facing the challenge of car- development suggestions for shale oil reservoir stimulation at home
bon neutrality[J]. Petroleum Drilling Techniques, 2021, 49(5): 1-6. and abroad[J]. Petroleum Drilling Techniques, 2021, 49(4): 1-7.

[15] DAVISSJ, LEWIS N S, SHANER M, et al. Net-zero emissions en- [27] ZEsm, B8, 2570, 45 (M T M DU i SOT & TRk
ergy systems[J]. Science, 2018, 360(6396): eaas9793. J& [J]. Wrdlegm <, 2021, 28(5): 577-585.

[16] HWIE, k&M, AL, & S AL FTE R G0 XS F LI Zongtian, XIAO Yong, LI Ning, et al. New progress in shale oil

FEHERE (). Febih <, 2022, 29(4): 1-11.

BAI Mingxing, ZHANG Zhichao, BAI Huaming, et al. Progress in
leakage risk study of CO, geosequestration system[J]. Special Oil &
Gas Reservioirs, 2022, 29(4): 1-11.

and gas development engineering technology under low oil pri-
ces[J]. Fault-Block Oil & Gas Field, 2021, 28(5): 577-585.

[ &t


http://dx.doi.org/10.1016/j.eneco.2021.105099
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.1016/j.worlddev.2020.105317
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.1126/science.aas9793
http://dx.doi.org/10.1016/j.ijhydene.2020.11.049
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.esr.2020.100578
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021081
http://dx.doi.org/10.11911/syztjs.2021081
http://dx.doi.org/10.1016/j.eneco.2021.105099
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.1016/j.worlddev.2020.105317
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.1126/science.aas9793
http://dx.doi.org/10.1016/j.ijhydene.2020.11.049
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.esr.2020.100578
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021081
http://dx.doi.org/10.11911/syztjs.2021081
http://dx.doi.org/10.1016/j.eneco.2021.105099
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1088/1757-899X/976/1/012036
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.1016/j.enpol.2019.03.047
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.3969/j.issn.1004-7298.2019.04.008
http://dx.doi.org/10.1016/j.worlddev.2020.105317
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2020136
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.11911/syztjs.2021070
http://dx.doi.org/10.1126/science.aas9793
http://dx.doi.org/10.1016/j.ijhydene.2020.11.049
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.rser.2013.02.042
http://dx.doi.org/10.1016/j.esr.2020.100578
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.1016/j.ijhydene.2020.01.163
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021071
http://dx.doi.org/10.11911/syztjs.2021081
http://dx.doi.org/10.11911/syztjs.2021081

	1 全球CO2排放现状及特点
	2 我国“脱碳”路径分析
	3 国际油气公司的能源转型策略
	3.1 激进型能源转型策略
	3.2 温和型能源转型策略

	4 我国油气公司能源转型发展方向
	4.1 低碳化油气勘探开发
	4.2 碳足迹评价
	4.3 碳捕集利用与封存（CCUS）技术
	4.4 氢能技术
	4.5 页岩气智能集约开发

	5 结束语
	参考文献

