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Figure 1 Carbon reduction mechanism of coal-power-steel industry
alliance
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Figure 2 Conceptual framework for cooperation among industry alliance participants
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Table 1 Parameter setting for industry alliance game model
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Cro— Ner ™ 1P [(Repp it Cryly) = (CHCLHESHR L)+
FCeaBil} —[Uit Cryly) = (GHESTR 1Y)

RFES IS E B AP M RAS . Cp IR %77
T R B A SRR s E R R IR 4R
%; BARRIBCHLA LI G 5 & 7 ML IE E w0 b
Mis o AR EAL S5 BUE (K% 7 V38 & R FT N
WA S T i 2 LI M. . K.
% a1 22 5 WA R I B 2E 4 Ak 2k
i, IR SF A R AR AN AR, R SAS R B 2y
HBOSHOHARN (DI T
Ty =In[P,0;~(F+ Ve0:)-K,0,—(S-F,)E;] (8)
Tpo= znl,ln[PiQi_(FCiJfVCiQi)] - iln(KiQi)
K.O.
Fg +‘gCIiQi >
(8). (O, I HE 7 Ml A L A
O, 5 HAEWBR T BN MIHA . B N AR j FEAER
BT, R RHLL AR MIAZ R K SO RO B
HOTTE S — gt 3T SE B LI B g A S8 1
F AR SR A — B 5, 2 e A (8)~3(9)H 0,

KR—W S, I %2?: ‘Zf
HEEWARAT O K HIAE R 70 8 (10)~20(11) :

ZPtech:tiPi_ VCi

P,

_ Pl( Ptech(S_BTi)Ei _Ptech)
ZPtech;tiPi_VCi

)
(Foi+ Vo 0i)+K,0;<C,

0, 0, #itiz

Qi: (10)

(11)

PRGBS K=o — BN (10y 50 D)H, 15

H3(12):
£ (12)
P(\/Po(S—BT)E; - P,
zptech:ﬁipi_ VCi

ORI AIRR . RCHL AR A B R AR A
A=A AR RS AR R A AR . N
NHIRA T, % 775 5200 R 2 22 R 5 DR P sk
AR H R IR AR S BRI H 2845 1 (1) el
W, DI R B AR P BRI A1,
W A D)~2RA2YRNEK B H 35 3 R s £ =0(9)
IR R RN LSO S U RAAE S R N OEERER A w A by
Lagrange BREL, X RRELL IS E B, B vy R K
T, WATSZSHB, IR IUER(13):
B_SEF{C—FG—VGQ+PMQ5P

i

j=

o—

tech

P
SE, - [W(Fc1+ VCiQi)+Ptech]2/Ptech
o

SRR, SRR - LI R T R A 1R
PRI, X T B R IEAEIRERAT Zh R IR R
NIFAEEE T — @AM, REA SR TS R RRI =
JE o AHIZAMEZ I AR LT . E B RS A B
WG| 56 2 M IN AR B2 5 &bk, (Ha S8
iz 8 SE R A B I AN ORIE IR, Kt

(13)
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1, HHIg e E R 2 5 E SRR R, 2
171 BEEAER TR B A DB RO

ik, BEEIR. KR B LE E RTRR
PR ARRER, ARRHFET: T =Kk B S 1Bk A 1 ]
EAEEBRE AR . SRR, B RIS AT i st
MR R T R HR R . S, Rk
PR 7 AR FR IR B SE BB R (DL AL B A2, 7R B
B 27k R Ailb 2z T3[R St o

3 BEFWEBR BT R BSIR AR 2

3.0 ETi#HAY STIRPAT #&EBIH 2

AL LA STIRPAT 48 S A5 AU HE 2 g Bl K LUK
=R LR R VI B R BRI E A R A . AE IR B
REVRARIE . Pk L g R R ER, M2 4L
X STIRPAT BRI AT it 54 ke, BI AN LBiz
ITFERE . RN . 7 CCER WL E 34N
ARRE, PRI &2 5 AR 0 [F jR ik
BRFAE . IX— Bl e — e AR B B A4 1 e Y
HESEAFAE BB AR BT 5 BUR AL SHLHIAS B35 55 )
B, RIS AT RS . RRIEBREE . FRNkEE M. DR
BHARBN . P35 CCERBAR 5 E RN E, Hont
PV IR R B HETROROCR P AR R e . S S R R S )
STIRPAT #7477 FE 4 =((14) :

CE,=a+p,AOD,+p El,+p,1S;+ p,CRTI, +

S,CCER, +¢, (14)

(14, CEARFRHE — X0 [ P IR - -0
B\ B HE R s AOD AP LB BB AT FR
SRR ZE . MU . R R R
FIZE RS FARAERE IR A P E K
PORERE: ELONEXHL A & 7 b i RE VRV 2 am 2, A3
PP e R SR R RO s 1S, B B rh %
g54, RNk GDP A7 s A L s CRTL N
I BE P LAG 4% B2 3 5 25 P a8 v D B IR st A 11
FORBN, CIEEBIL R BRI T BB AR % 55
FHR BTSN CCER, A A M SR FL A ) B

B, FORAE E ST A SERE BRI 2 5
[ TARZIE G PR A R, X el i m] DA RR T 37
BT A S, R TR Ak A R

3.2 TEERSHEIELE

ARSI BB R AR S b B HE L (CE))
ENBER R A2 &, Siit 1 2010—2022 4F 4 [E fr 7
BB X/EEE TR . R AR R HE i
B0 IR E B 7 R A (0 AT B RIHE R T
B, gl 73 K LA 9 Fh A YR S Y (1 B HETBOE
B, TE g ) I R R KR 25 T b ] o SO
(CEADs) HF X = K77 M S o 4% X 3853 Bl A 1 i 55
HHRC, I BTA G B S5 HEAT T G Ak T b
B, mREEMNEESHE. g— 5 na e,
DA R AR BE ORAIE T 8508 DU B2 i HERf M 5 T S . 7RI
U B AR S, IR - - Ml el Bk Bk BB A7 R
JE 3 I XA AR P 4521 e B B = K ] e P [ SR 4
Rt Rl — D AR NI AT R 51T IR E R
Gy AN BRELGATAR AR, 1d B L A e R 5 2R
R Rk TREERR)T, R RIS AT R 3 T
SR BARIEEU AR R S & AR S,

B T 6T 3 E ) T A A AT [R1 VA G v A B T
DAAREL, AAY b i [ A TR 3R DR AR e (0 B =
F£5 BN RIEI S MR

Table 5 Variable selection and interpretation

A AR
CE I BR % P M B HE R (3 AR )
AOD Ik IS AT T
OQIA BB AT
ODIA Ik IS AT IR BE
X Bk B % 7l X v i 4
E Pk N H(TTN)
El IR B 7 M B U 8 (tce/ JT RMB)
IS 10 B S5 )
CRTI R %2 5 TR RS AR (JF RMB)
CCER BR %72 5 CCER 22 5

O RGHBERA SR E X, 55 BT E R G Hus s B a X =P AR SSIE RO SR, HZH X M B EOR 4 A

g5, WO REEEANLG .
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Bol TS, RARE SRR 2 A B AR [E
FR R 1) LB TA 3] 78.66%, 1t B 7 FE I HUL A FE FE -«
[EF, ARvEIRZEE N 04215, RS S HAZE XA
R (IBC B B HETBO O F00 2 22 A/ o ek, I
BB 1 572 7 22 A 36 % 7 B AH G RS B0 45 R R
PRI AE R ) 7 5 20, (BEARAEE R AR . AR
BHIE R TS 6 TR

3.3 SCIESHT

H b Kb 5 R R R - - R I R s AT A A
FHREAR AT B4, SRR TR .

ERR IS TRERE T 1, Re IR 5 SRyl 2R e =
KA AT AT 32 G AT . X TEH L N RE IR 75 2R 11
[FJEF, Ay >k 1 AR RO S0 T Re ik Fe iy e, 1
AR ISE AR, X 4R mT Fp i e DA R i 25 4%
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Table 6 Descriptive statistics

HARMISEIL A4 7 — 2 M msem . dE— Rk
ATRE SR DR 28 20 A A K o 5 B B R P P X E 3%
B, DASRAT R A e bR i L TR IR R R
JESVEHE . EAERRZ, BEE LA LR R i
My A I B R R R R, Y R Rk
M EEA TR 2, XA -NZIE W R et
BRARBUKFRIE K . Bk, SR IEHER) 2 P Ik B
BRACALBEAR I SEIL, a6 200 RS2 7 BB B 4 o
SR, WIS AR B i Mty 1T, i
B EL 0 DX M B B R, G0 A% 7 M ) ek
TERBE G BRI, /B A b 8] (5 fe 22 B
57KV, AT 20542 fl Bk L7 b A e T
FEPBREARBINT T, FAF RN DL 2 H
BRER I TR . SRS R B, BRI HILER
IR Rk . S I S M Je R ) B U TR AL, Sefi
T 9 N 4% 11 78 M S5 WO 1K 4.5%~6.8% [X 18],
BRI, BRSO (Bl R SR i mT ik B e L fEL, X ABERAIE

AR Average Se Median Sd Region Max Min No.
InCE 9.9394 0.1516 9.9082 0.8301 3.2237 11.215 7.991 30
AOD 1.9934 0.0467 2.0315 0.2560 1.1078 2.4031 1.2953 30
OQIA 1.7569 0.0454 1.8236 0.2489 1.0561 1.9985 0.9424 30
ODIA 0.2365 0.0133 0.2353 0.0729 0.3151 0.4064 0.0912 30
X 0.0788 0.0093 0.0354 0.0881 0.3926 0.3927 0.0001 30
E 566.58 76.53 464.15 419.17 2018.9 2085.3 66.4 30
EIL 0.5683 0.0848 0.35 0.4343 1.73 1.88 0.15 30
IS 0.2127 0.0085 0.22 0.0468 0.19 0.27 0.08 30
InCRTI 15.6958 0.1485 15.6038 0.8132 3.9512 17.074 13.122 30
CCER 0.0927 0.0066 0.1 0.0362 0.14 0.15 0.01 30

=7 BAEALER

Table 7 Model regression results

AF AR Coefficients Se ¢ Stat P-value Lower 95% Upper 95%

Intercept 0.136 1.8565 0.0732 0.9421 —3.6956 3.9677
AOD —574.04 0.4128 —1.3905 0.0771 —1.4260 0.2779
EIL —324.95 0.2246 —1.4467 0.0608 —0.7885 0.1386
IS 760.16 2.1389 3.6280 0.0013 3.3456 12.1746
CRTI —637.16 0.1233 —5.1643 2.74x107° —0.3825 0.8917
CCER —598.21 2.3182 —2.4148 0.0237 —10.3829 —0.8135
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NEF R, B PR BIS AT . 1200 AE
EOABBIZAT R SBATIREWER . ol ek
WX AR BO K B MF B IS TR 5 —
I, BATHRE T EME LT DI RER H
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Table 8 Regression results after variable replacement

JE B 22 S VIR SR e O VS L, ARt
b ) P2 s ) o 2 R AL P 7 o R DB s A T 3
I, ARATRES AT A P2 (A B Ui R], HANIR]
PP AR TR S B, e FLAE I v AR
WA 5 0 T BRI, XA AT 3 B0k
R B B 3G

PRI, SRR 22 7 MV Bk B i D10 A A2 D B 52
B, At 20U [R] IR 7 A A 4 MV 3R BE 3B AT R S TR
FE, e VIR BB AT R R R AL, TR RAEIE K
IBATERIETE . WA LA IR B M B i A 6
L, FCAEE KX R, S5 i
Mk (R T ZHRE S BORIATT, AN L Ik TR] Y
RFEFER G K, R b B R B ) o U 5 v
PR, 17 A A IR 52 S 40 ) B B 7 M R e i B 0
bb, FEAR D F TR S AT T REA, XD
UER, KA AT R R A 5 M B IR - A P - 7 Ik
IR BCR A0, B R SR — A, 2
IR AR B KR 7 RENS X I B D e A B 42 1
SEHL A AR (e 1t 5 HEN A o

4 B EX SRR A AL B 12 SR

4.1 BRERLHLOEIRIEEEE
VB - HL-AN R P B B AR S R G A

BEA, BRRALETWESHBCRT ARG, @M
il WS 1E TR RGN, 5128 LA
GRES PR

B, RIFBCBHLSE RN L RIEH . HA Lk
B IS, RSB R IR R 2 5 I

AF AR Coefficients Se ¢ Stat P-value Lower 95% Upper 95%
Intercept 0.0859 1.9736 0.0435 0.9656 —3.9873 4.1592
AOG —426.74 0.3980 —1.0723 0.0942 —1.2481 0.3946
EIL —274.53 0.2235 —1.2281 0.1313 —0.7359 0.1868
IS 664.05 2.1628 3.0703 0.0052 2.1767 11.1043
CRTI —621.97 0.1262 —4.9280 4.99x107° 0.3615 0.8825
CCER —557.12 2.3539 —2.3668 0.0264 —10.4295 —0.7130
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Abstract: With the continuous progress of social industrialization, excessive carbon emissions

from industrial industries have
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caused serious pollution problems, which has greatly affected the green and sustainable development of the environment. Among
them, the coal, power generation and steel industries are the backbone of China's industrial output and "major carbon emitters".
The traditional "single point breakthrough" carbon reduction strategy has been unable to meet the higher carbon reduction goals
and strategic needs of the industrial system. In order to solve the above problems, the cross industry alliance formed by coal,
power generation, steel and other entities is not only a strategic choice to crack the high carbon lock-in and achieve the dual
carbon goal, but also a core engine to promote the transformation of the industrial system to green, intelligent and high-end.

Therefore, this paper takes the coal, power generation and steel industries as the object, analyzes the mechanism of carbon
reduction in the cross industry alliance, constructs the dynamic Stackelberg game model of carbon reduction in the industrial
alliance, and introduces the influencing variables such as the operation degree of the alliance, the investment in carbon reduction
technology, and the participation of industrial CCER, so as to further quantify the carbon reduction effect of the alliance.

The operation of the alliance does have an important and very significant impact on industrial carbon emissions. The
optimization path of carbon reduction in the coal power generation steel industry based on the industrial alliance is a process
that requires the cooperation of governments at all levels, industries and enterprises.At the same time, the operation degree of the
alliance, as the core variable affecting the carbon reduction effect of the coal power generation steel industry alliance, its quality
and depth are indispensable, and it must play the maximum utility at the same time to produce a positive promotion and driving
force for the realization of the optimal path of carbon reduction of the alliance.

Finally, the paper puts forward scientific and reasonable strategic suggestions for its carbon reduction optimization path, in
order to build a near zero emission cross industry ecosystem through the decision-making behavior of cross industry alliance,
such as carbon reduction technology collaboration, resource circulation and policy linkage, and contribute to the "China plan" for
Climate Governance.

Keywords: double carbon target; evolutionary game; cross industry alliance; carbon reduction path; strategy selection



