527 55 4 0]
2024 4£ 4 A

B OB ¥ o
JOURNAL OF MANAGEMENT SCIENCES IN CHINA

Vol. 27 No. 4
Apr. 2024

T (68t o0 I A 0 o E T 0 R R R 5 A

Hi—"2 2 ', 3 &
(1. BHRZETERE, 1 200433 2. & HR2EEPRER:RE, I 200433 3. thEFRFBE
M FRR} 2 5 R PRI ST  rb ERR A B X B ] 4 A SR M S AR S SE 65, JEET 100101
4. hEPREGERFE RSB FBE, LI 100049)

WE. T3 MN(ase AT L) 2 PEBHAERSOEARZFNNT. KT LIFTSEAK
89 BUR AR AR P B AR AP Fe BARIRA] 52 L6 XAk KT F E 2000 £—2019 T
b B HE A %R EIARMIRF E F TR T AR T 2019 F—2060 F Tk B HE AL 6
MEIEIE AT TRV AP Fe b A2 P AT E G, T T RRRAE R R F TR E R
R, AF R R I ) AR S e AR LR TR AP RAEVEHRE &, ML Bk
RFFEHAAE BB NRERNXE A FRBEERALGH aE ), 2)ER AT LK
KA S W BRR R AR A LR AR R A A F E R E AR, v Tk kA 6 8RB
HARBZMAFFERREEER; )AL TWHRAKTT, T LI PRagt b E o8
$ 300 FTRLAHEFRRT,IERTEZET THHANEEL ST L. KLRERE T AR

A Ay s | AT G AP ABOR A 3] 37 849 F B Tk 3R] 5 ILEK P o bl B mk- i 4
KB Tk aRHER; BV Fedh AR MBS EF N AR A

FESEE. 1205 XEkFRIRAD: A

0 35

i1

Tl RO TF I SCHE ™l , 2 = fiE
FER S HERO B S A, 78 Tl et rp, Tl &8
TR HL g Tl ) AN R 2 i R o
ZFRI T ELHE ) oA R AR B 1 L A1) s
e FHER A E 2. {2006 4F LIk,
— BRI R R A AR HE R Bk A
$& £ ( Carbon Emission Accounts & Datasets,
CEADs) M3z 7%, 2019 45, Tl BRHE 5 v
B HETBCE B 1Y 85% ZA, Horpr Ha J3 Tl i v

—

o

Weks H . 2022 -07 -04; BT HL. 2023 -03 - 09.

AT % ARSI H (72121002) 3 B0 HBASCHE R R UF 0 ORI F (1 220JD790058 ) 3 HRE K-8 ve i

] R RER

XEHS: 1007 -9807 (2024 )04 —0001 -20

T ARHERL Y 56% s AEAEHL Sy Tl AL T
(=0 S AL R SR ey e | oy o TP Sa T E N
R HERCA T, o A Tl AR HE A 419 , i H:
b — R T A7 MDA 7 T AR 4% ©. 2020 4
Xof ot 2 A 8 usHE AR, < B R S E R A
FTTER T BE SR IBCE A 7 i BOR AR, — 4 Ak
WRHER 1 4 F 2030 4F [ ik 2] 06 i, 8% 1 4 B
2060 AEFTSZ IR AT 52021 4F, 3k [H 45
Bt 1E 20O (O T 58 B i 4 T BU AR & SR L A
ek e e TR TAE R LY , Kk ik b
MTAREN T RGN ;2022 47, 58 /9 —+ Rl

YEZ A BREF—(1970— ), B, Toige N, it #dz, 42200, Email: shiyichen@ fudan. edu. cn
e T AR o e HE B A Y L R s T I B A Rt 5 AR TEA R8s 2020 4R35 [ OECD w9 BRI [ 5 R KAFNIE i
SR ENBE ARSI Tl E T TR 3 0 2 B HE RS Y 52% 50% (70% \51% \78% F1 T0% .

BES UL hups . //www. ceads. net/.



— 2 —

i

i

7

g
¥

S 2024 44 H

e, < HESER R T AR” I o i < AR AR 2 4
HERG IR W TR SIS ek R — )
ZMRZ B 55 A2 RS 7 . [ 55 B Al T
M AE B AGER | B 52 K i o o 2 0 A 25 A 05 AR A
HRZRAE 2021 4F A1 2022 4 )E K T (2030 4F fif
WIRIEAT B 5 28 ) (U 7 Tl 2 68 % g R
K1) T AR 35 U ST 7 52 ) 4 — R A BLR
SO A AR R T 7 A R R ) 2
X A R AR S Bk WA HAT B . Tl
RIS IRV SER IRV RN =g 3 e S
SRR, M) R A R R R A
AL TAFAT ML 5 AT RERE AR T i A7l R
Sy T P I e 0 A TR RTTR M3t A 4 T
IES: It SER S 6

I B TR i A 5T J7 8 e R T
M B HE Tk g S0 VAR AR 14 BIK 2l R ER I 00 H s A
AR PRAR R 20 B Bl A I e 4 15 il HE Ji AR
Z A A OG22, A2 ™ B T B ol 7T
g (AR B 2R T v Jo e R R ol s 9% T S SRR
AL PEARSCHIFE v, v Btk 7 s 38 28 ) 3K
BN ZR Al B UAE B A 10 5 B B% AR 43 A A D
HE AN 5825 07 TR AY 27 RIS SCRIT ST 4R S AR SC
HHAC.

FATE IR T R 5T o e HE o s i
R AR IR R AT, o, DI B2 G4
ﬁ/ﬁ( Logarithmic Mean Divisia Index, LMDI) AL
FTR BT V5 th T B BR Al 52 3 3k I
SRR A, B R SOk T R YL X S SRR &
MAEATREVR N FREE 1 BEIEARCR 7 Hh A A T 48
o I HE D7 S T8 AR B AR A R B I R BB T
T REIRR AR 2R 7 2 ARl HIE TSR R 4 T 25 4 1Y)
9K S A 2R A0 A B HIE A S 8 78 A K 5l PR 3R )
DI S TE S oW P2 R &5 N0y 315
PRUR iRk AR 1 SCHED. Ak, A Sk > %
S ) SN H, g A 2 s s P o 8 728 e A
UK A 2R 1 22 5 B R Sl T Fi T i SR AN
H, k2 B HE i 22 A i 3K 2l PR R AR ). 2B 1
H, 3 SR AN 60 Hl, g 3t 2 00 i Btk v 0 i 11 O B
FORAAANR , v, 75 3R AT g 25 )34 2358
Ao A S AL B b A E AR Y S8 B A

i, T LA B, AR S X LMDI A 6 24
Ji& R Ak A BE TR 1 e Ak (A BRI S R4
) BT REIR R (AL TR IERR IR A AR |
A P BRI HE ORI BB AR AN ATl
ik by s R0V T T AR (AR 5K 2l LR 1Y 4 A AE
Zar,

TEBRHE R E S RS0 J5 T, AF 7R AL 2 WE 5%
Xf b 28 2030 4F | 2050 AR 8 2060 4F BRI
ARBRARIAT T 4000 i R R R R AR S ]
Frek R R o8 e B0 T A 6] R S R
2050 4F4% HB 1A — U e U5 I 2 ot R HE i
Duan 5% R F ZAS RN LG5 325, VEAG T o ik
WHFECRA T AR ERTHE 1.5 C BAR L8R
FH 5 kA BAFDT e vl [ Ak o Fn E bR T 09 R TR 46 O
PR R AR R TR 9. R IF oY E 2R A
T A 2 WA ) N S5 A 7 R BSEEA T S BU
HERNEL B0l B A 1Y SCHR 2 2L 2030 4F B8
2050 4F Sy FBRAE AU /DR o3 Sl v [ 22 2060 4F
S5 BB ORI B AR HEAT T 43 BT 5 3K 26 SRR K 2
K TR TR BRI, B e Tl 40 70 47
M B 5 8CHE 6 A2 AR SCORE 0 B 78 B 18] Be 9 e =
2060 4F 2R F i A e IR A A A N 2 A
SOMHT T PP AR EOR K AU HE K BRI
e A i S P e Rl IR A S I S VY22 | 4
e Hb R E BRI B S

TEAG SRR I 1 A 8 HE e 75 4% %% 1, 0
4 SCHk B FH & 25 (expert-based method ) 5
#133: (model-derived method ) XA 57 A =5 Ak ik HE
AR A HEAT I B8, I FAR IR HE AT Al S IR
kR H AR TR B e B R RE AT
M TR vk, AR Rl 2% SR T AR I 1Y)
AL, PPAL BN AR T S IR T3 FAH R AR
A4 18R e 20 B 0 Byl A B 5 S
FH BN Al (McKinsey & Company) T 2009 4]
JE 2 Bk HE A p £ R T R R, X
A AR I T v 44T 5 2050 AU HE I
BRI B ISHE A e %A 7] v [ B4 il i
MARA T (PP &AR) LT EITER
1355 TP AN SR B B S e 0 v [ 52 3tk b A e

@ 52 L hitp ;. //www. xinhuanet. com/politics/2021 —03/16/c_1127216053. htm.



54

Wil — 45 . T fi e F R0 LB g v T 3R Dol B A 5 S e £

— 3 —

T B BT TG B, & 50k B i B 9%
MLE IR e AR e 3 o T B0 R Ge e 9%, ]
RE2 S EE R TR AIRAE T, ol 9 & 5T BE
ST ARAAL A S 17 Al R O, T AR A R TR
SATIOT IR ok ) = B e L VB TP A AR A
THRBUHE I BOR T oK o AT PR HE A 1)
PRI 1T 43 3 T 28 B — RE VAR AR 35 T ifoe
PELA N — AR 00 6 Al T H AR AR 3 T 00
PEZ ) — AR T AR Al AR R B A
B> 5GBS A P R AR B, B A 22 Y Sk
SR BRRE—AG T T R E A Tl AT
M P BB AR, S SRR VR HE B A i B ] S
BRI ARG D AR — 5 MR T B HE
AR A TT2E SR AR [FIA Tl 1 5 AN ) A D SR s
SR, AT X 2060 452 BURR Ho RG89 75 5K (1
BRZ R LRk AL I I (e
UM IR 22 A5 44t OB 4G | 25 R SOk AT
W HE/ e P ETE R, 456 E R 2R RS
W s P RNIBOR |, 25 A [ 118 SR 0 G 5 DR 257
TP Ir 75 0 (5 )

AR SCH AR T LMDI A A Y B HETR A
SR B AR A BIK B DR 2 AT A0 il 4R ) T RE VR
SRS TR RS SsE T, o E Tl ik
T AR AR R AR S L BRh  2E Bif e, (5 Ao
M A A T AR A TR AT T A2
AT ARACE T, TV T 15 R agE 2 v i) BT 75 4%
R, R R T AR L T
B, DLELSRE R 51 5 B v B Tl 3 1] S B b
IR G W e . A SCR A T 34T B AR 5T, 45 LA
LA AE 0 BTHR 57— B 2% Rk 0 CHE R
(VTS RETRRRAC A A BE VRS 1 R T L A e o R ik
HEWCHCRAETE ) 49 A LMD 1 RE U5 50 ) 452 70 114 43
BTAREZR e ) MCREL T 5 SR AR R, AR 28000 4 s, 3 J31)
5 SRR B AR B Xt v [ Tl e HE il g S RN e
AR FEAR B RE I T BLAT SCHR AL /D 2R 58 b 5 530
LA HERE A, 55 A FRL T SR e g 3
2NV B 73 531 R TF IR 9 5 26— T ) 2060 4F- P
FEFR, B [R5 SR BRHER R e AR A2
I 3 A A AT, IR B DR 2R ik R RN Y
UMK 22 AT LB, Rk T B K 2 Ok £ 2
A3HTE 2030 ATk 2050 A HYEAE 3 5, SR FH MO
HEZAI ) — ARG T A AL Al 3 T T

AT B 2 Bl HE BAS RS AR BT R A B
T, IFE— 202 SR Il HE I 18] 75 15 A8 8 4% 36 T i
BT AR, X B S LR T i e 5k
AT 45 RABCH A 2 40 T

1 T ERARHEAA R ETREN
IR zh E = 5 g

1.1 EzhEEZMmLE

A IE A LMDI J7 i, % e HE i A8 B A% 1)
9K B R 2 AT 0 A B F 5 38 8 L) Kaya 1555 5Kk
SEhl 0k A T AR IR HE R B A REVR 2
P Ak A7 R R A R R R R A A G Y IR B
F O o A RE IR HERCR BN T B A A
BETRTN 207 A BRI 508 O LA RETR
HEi R B R A A A BE IR AR} BT AR PRk
R ORI RIVE B A& LA B A ™ fen
REVR INFREE PN B T 45 Fh ik A BB VR IH 9% 5 401k
ARV PR 22 L, Bl T S AR R 8RS0 X I i
(R 2R B AR, A A RE VR T 21 45 #4 DARE 2% 1) 3Hl
SR R RE H S AR A e HE R 1R
A7 RE R R I B T B Ak RE IR B i
AT DABRAR R Ak A BE TR SR M B 72 87—
WG OL T, A A RE VR 58 B B R R A RE VR T
B R, A AT RRUECHE. 7= H A E D2k
TESACE (R a3 i) #om. ELF K
PR RETR I 3% i R LA A B SR, 7= Hh B (Y
KN AT 3k G b S SO HE B3 .

UL EA3Hroml DL 30 F 58 X ik HE
AR BAR IR B R 1 BRI 58 5, PR L
BRIRBR. B, AR K2 A REIRHE R
B AR T i AR B kR, JF R % JEAE Ik T
A S T A BRI S AR SR LR,
Fedn AR PRI RE B A A RE IR A AL 7 AR R HE R %
gt r= g, A AL A BRI N A AL A7 A B
HE ) A 7= 5 5K 28 T R A7 Ak A R R T
TR, BVREARI A BE IR HE I R %k HaR,
A MR K A b A RRIR I 2 X i HE L 1 5%
M), (A7 355 A R 2% o Lb g A SEBR I
DMK ) VEBE AW B RE AR TS T RE TR 2
T A R A RRIR, UL SRR &



— 4 —

i

i

7

g
¥

iz

g,
¥

F, S5 B AR e S BB v A R 4 AN A AR
FHR0 720 B AR SCHE SR8 i 5 4% 14 Bt HE IR
SRR AOHER I, b 5E 25 JE T s RE AN T
TV BRHE A2 R . e Ah B O 5T % & A
AT RETRARGE L B B AR, Tl A 7 i R v = A
AIBRHEBOUAR D5 R e, J2br b, Tolk A7 i #2
HRO A A BIRHRTA o P FE e HE TR R Y 129 , i AR
2 AT ML K P A= P R A B HE I i b Y
70% " ASCHES TS @ il A Tl A B R 2R
FISRENR T, A T Tl A 2 i B B HE 5 B X
— =R, e, A TR AR AR Tl A ) T
MV AIBRHEC I 2 AR A AR R SR S P 2R T AR SC
BET R I RAMNER, A 26 aHESIK 51 R 3R A S Jo
PG A UK E , 7350)75 R s SR (I ) T
M) e I HEZE N (F Tl ) RYSKSHIATER.
PRI, Sy 14 TS I Tl e T8 Dy 50 0 7%
PRI IRE R R A% SON A 3K 5l PR 3R 0 ik A5 A
HEAT T4 . B B AL RT3 AR L T Tl
FEL g T PIAS BB 53, 23 01 78 26 AR v g ok A
3Tl BB HE R i sk 38 2% B AR Y 3K Bl R R IR
AT REIRIE W Ak TR T RE RN A il Rk
HEBCSCA ST B SR s R 2R . AR H ) ol s HE il s
PR B BI A 2T AREER R
(3 G EIELE

jocoiraitges FE; FE;E. Y, Y,

(. 122-1 ef; X fs; X es; X ei; + ci ) X,

[ (efi, coal sti, coal +efi, ot XS0 +efi, gas X
fsi’gas) X es; X el, +cii] Xy, (1)
Hh AR L Tl A e R A T AL Ak A
T AR AR R A SR S A

C = )in

1l R, A SCRHE AT @ 3250 iR AT
b, FREHAB AR L AT B i 3 Sy —
W AT IV #7255 % 8. € FE E\Y 53 53
e i Aol A REIRIN i A RE IR T 2
FETE W coal, oil, gas, process 433 7RI Ik
£ RIR IS P2 B ef fs ces ei et Fly 43 5]
PRI B THE R B AT RETR N IR A5 AL
AIRETEIN 2% o5 Lb | AR IR SR BE | AR 7 i R e HE iR
BE R BT A A AR B R HE AR S SRR T
e w7 i AU TR 4 il A7l
TR A 2R 8 3, AT B e U A 0.

SR Tl AR, H o ol i A A BE IR T
BRLERE HORC A — B o s A A BRI 2% 1Y L
BI7E 95% LA L, i,y TToll 32 2 B Bl HE SR 2 PR 3R
K T3 F R BT TR T RE IR A L X K ) 2 L Y
B ARSI R A SE AR i R ) Tl
AR A IO — 5 S SRR IR, BT AT BE 2%
SRR, R R IRy Tl s HE R MERE . ) T
My BsHEBCE A I BK Bl PR 2R 1 R A A

C = C FE

FE X FEL ™
=ef Xte X s Xel (2)
H € FE FEL EL 5y 3R R HER & | 1k A fE
B2 K R R R ef e ts Fl el
S Fn A Be R HE L R A K T R rL R IR R A
(kT R E LA REVRIE S &) LK Ik H
i E R R
LMDI FL# T 35 o 4F il e 4 22 1] Bl HE e
AL, R I — AR b IR B IR 2. LAAERR ) T
M A1, e oA R i AT 22 ) i Tk o 119 72 Ak T
LR N

ef‘H] ﬁHl GSH]
' -1 ij t -1 ij -1 i
AC, = z L(w;,w; )ln(i‘]l j-# z L(w;,w; )ln(—‘]l j+ Z L(w;,w; )ln( = j+
J =coal ,oil ,gas th/ J =coal oil ,gas fgif J =coal ol ,gas es.
eiHl ci1+1 yl+l
t t-1 i t -1 i t -1 i
z L(wlj ’wij )11’1( N j+ L<wi,pmccess ’wi,provcess )11’1( N j+ Z L(wtj ’wij )11’1( i )
J =coal ,oil ,gas el; Cl; J =coal ,oil ,gas, process Y;

= X

J =coal ol ,gas

c, - Cy
In(C};) - In( C;._' )
(] ISP S0 A7l @ kR 1 722 Al AT LA 53 M 1Ak
A1 REIR j BV T ARV of 7 Al AT BRTR 7 1 P

A, A

:/H\:LJF‘ L(w;j,u)i{l ) =

Z ﬁ fj{fect + es;}fj‘é«;t + el:jjﬁ:z‘[ + ci?ﬁwt + y;:fj‘éct

RO fs 3 T I 2 (RO s
AR O i, 7 3 B HE OO
cifl™ ARy .

ASCAE R Al BB S22 B 30 7 223

2024 £ 4 H



54

Wil — 45 . T fi e F R0 LB g v T 3R Dol B A 5 S e £

— 5 —

I3 34 2000 4F —2019 4 [ Toll 20470 %k
PEAEBFFEREA A5G 6 AN AR HL S Tl ATk (=i dE
AR T AT 5 A Tl AT 1 4S) FiH
F3Ty, e — 8 L ATl G R A 3R s HE
AR L 7 T AT b I A5 3. A S B £ E R IR
TR E TSRS FBRAZ A . Tl (1)
HEMES MR — ) B I TR, AR IE AR
PR a] Lot B IMEF- 18k 2000 AEAZE A A,
1.2 HBEER5HR

ST ER S AEHE T — M S AT R R
K, AR P ) 5 22 B AR R RS, A
WL R B 2000 4F —2019 4ER1170 K 3 D THiBx

2000 4F —2005 4F(“~ 7 BT | 2005 4F —2010 4F
(“t—T7 W) | 2010 4 —2019 4E(“+ 17
A= ) SRR AR Tl A T
T At HE 5 D st A B AR ) B Bl B3R ) il 4
S E 1R, AR I Tk A EL Tl R HE i
() AR 4 PR 2 A9l S B M R R H T
FEAR R R R IR R A K ) R R T
T RE IR & LR RN, AR H T Tl A S e T 9%
d7 LT T AE TR T 2R AR Tl A e A R Y
HE K TR 2 P A2 R A D, AL AR X A /DN 5
R IS T B Ak 1 I 3 50N AR B AL 1
A

1 TAEHE AR RERIERNSMRIBER (AL 12 1)

Fig. 1 Decomposition results of drivers of the historical evolution path of industrial carbon emissions in different phases (Unit; 100 million tons)
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Fig. 2 Prediction of the trend of industrial carbon emissions towards 2060 ( Unit: 100 million tons)
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Fig. 3 Decomposition of driving factors for the potential evolution path of industrial carbon emissions under the carbon neutrality scenario
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Fig. 4 Marginal industrial emission abatement cost curve
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Strategic measures and pathway towards China’ s industrial carbon neutrality
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Abstract: The industrial sector (including electric power industry) is China’s largest source of carbon emis-
sions. Exploring reasonable and effective pathways of industrial emission reduction for the industrial sector is
the key for China’ s carbon peaking and carbon neutrality goals. This paper decomposes the driving factors of
the historical evolution path of China’s industrial carbon emissions from 2000 to 2019, predicts the potential
evolution path of industrial carbon emissions from 2019 to 2060 under various scenarios, estimates the amount
of investment required in the process of carbon neutrality, and discusses the heterogeneity of required invest-
ment for different emissions abatement timing options. The research finds that: 1) Scale effect and efficiency
effect are the most critical driving factors in the historical evolution path, while the clean conversion of fossil
energy, the internal structural change of fossil fuels, and the clean energy substitution have less influence; 2)
The core emission reduction technology paths of non-power industry in the future are energy efficiency improve-
ment and clean energy consumption substitution, while the core emission reduction technology path for the e-
lectric power industry is clean energy generation substitution; 3) At the current technological level, the
process of industrial carbon neutrality requires a huge investment of more than 300 trillion yuan, which is
mainly concentrated in the carbon-intensive non-electric industry. At the end of this paper, a strategic choice
of realizing China’ s industrial carbon neutrality is put forward, which is “technology as the core, market as
the mechanism, and policy as the guidance”.

Key words: industrial carbon emissions; pathways for carbon neutrality ; index decomposition; scenario anal-

ysis; marginal abatement cost
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Attached Fig. 1 Decomposition of driving factors for the potential evolution path of carbon emissions in non-power generation

industrial sectors under the carbon neutrality scenario



