2024 4 7 A TR AR FFRCE LB EBO Jul. 2024

# 41 % B 4B Journal of Chongqing Normal University (Natural Science) Vol. 41 No. 4
= 1y 1y DOI:10. 11721 120240404
EES S EER feans

BT &0 3 7 B8 it 7B A ) B i R 6 $ e s D 3 Rz

HEA. &K
(HE PRI R 20 5 B2 e, HK 401331)

WE: A BEANARANTFR  ZERAEEA B AR B AR REAFEA AN EETLEE, Bl ERH
B A FAMNARARCAFOR AR RETEEETL, RTASFAELENHNE WA EF = FBERET .S A
O R R A BT AR B = 7 R R AR AL 32 B Madab X Z 07 0K E T B A CE WA T B IR R wE BEAT 47 L AT
MBRAFFE AL TEAET S E TR RO Y. FRAN D B LM H 8w A ARFLR
HEHR G ARRAFT T EHNEARRBN AR ETHEZHAEE W RE;2) AT AR ETH,
BRABE =T HAEH YL EREAMBNTRNERE R Z RS ik PR R E S &k, E v
ML ENAETRE LA,

KW 30 A ok B AR s AP R s BOR B BT E A

FE S #EE.0225;F124. 3 XERARERD A XEHS:1672-6693(2024)04-0068-16

UL SBAT R, B R K IR R RSB AR E 2024 4F 6 AR P ENR A ik E] 3. 4512
B9 LR 4 5 B 92, 8% A R HETR A E B R PR 2 — . 2020 4E, R EFESS 75 RS E RS BIER R
2030 4P 52 BB 5 W L2060 AF S ELA P ALY H AR CRTRR“BURK” H AR ) . 2021 4F, [ 45 B EP & 1€ 2030 4F i fi 35 1 17
375 %8 ) WY AR L PRIE i gk € IR O i Ty =KL R T HE )BT R R IR G L 2 2P B AR G R VR T TR R T R
TR R 7 B BT A JEAR 55 W SR R . HE YRR B 2022 4F 3 HERAF IR PRI A
K54 AT A A A BRI 9 4 a8 i ) 6™ L 3T o 48 el b o B 0 A R B S DA R e A )
BFRRIETERMARE.

P A GG WE 2024 4F 6 H R & BB IR O Bk 2 472 7R 10 A0 6 3 A 45 ) o iy — e 5~
6 4F, 2023 4F Fp [E 2l 7 i it BB A% s 58 1 L Wi 2025 AR TEE 78 Tt 4. HETE & k3 1l
A A TR A SRR A S B Sl 7 H St 0 A 8 TR 3k 2 1 TE B S 4 X A S B R A Gl B A K
BRI NI, TS - LR KA T OB RE TR IR R I 3 1 35 o e 254 R AT b BG4 ) Ol BiE VRIS
He gy 2 el [ SR P A BT AT ) RV R R R TE RS T i R PN T R VR 4 DA B R
58 =07 T 1 R 20 0 R M A R A R T B R A TERLR T 3 g e A R R — s B AR e B RS BR
Tl 5 A -5 3l g i i 2 X 22 G R TH 2l 0 F i 0 25 el ISOAh B RE ) 5 8 A A b R VR AR L AR
KB 1H 2 77 v b ) FR 8 0 o 1 B A P o 3 B AR 5 35 = T s g ol b S o R PR 5 =y TR o 1) X R TH H
b R A TR KRR IR AR TS AL TR G B B s [l WP A R R R AR . B R R VR AR AT R A R 5 R 1 Bl T
b 1] 5P AR AR R TE R © A Bk 1 Bl ) bR A TR

PRI 5 AR SO R PR RO T Ao BB R AL A A2 3 B e v M B A DG A Mk 2 AT Bl i AR R TR 1Y
BB & 5 1 TH 3l g vt 1 BRI 288023 %o 4 gl W 3 VR 4 77 ol iR 68 R B A 4 T B 1 R R

g €7 3o
il % 4 (0 5 R B IR A G B RE TR PR B 8 ) 2 32 C MO R R Sl TR, IR 248 PR %

W #EHHE:2023-07-20 &8 H #5 :2024-04-09 ™ £& H RR B i8] :2024-10-11T09: 14
HEITE : [{K 8RR 4 3 H (No. 72074035) 5 [/ 5K 4k &Rk 3k 40 35 H (No. 18BJY093) 5 51 P 1l 41 £ B 2% B # K31 H (No.
2020ZDJJ01)
FE—EBE N EFR T EE L WS 5 ) S EOR B B A B AR A Bl 1 B 18, E-mail : cqchenyk @ 126. com; 15 E & :
Fk 4 E-mail:13547250619@ 163, com
[ £& B iR b 3k - https://link. enki. net/urlid/50. 1165. N. 20241010. 2001. 017



%4 VR AL S BOR AN AT 3 R R AR BOR BT R AR 69

8l A S 1 AT R RN ) R A [T A [ A S AT Y. B TR Y Zeng SN Y
] 52 AP G 19 95 R BOR 5 56 36 8l e vt T SOR R AR 2R o T 3 g e vt T o S A ) R 0 B A N AR R
DA S B AR AR =07 [ WACR L 3l R AR 7 R MRS A Al 1] B =5 1R SRR R L T BT [l i ) 2% rh R A Al
F1 SR W P8 456 2 0% DK 3t 32 6 5 3 ol A 7 R R L AV T A 1 AR 5 AR A A T A B g v o 3 L A
b AEE = J5 [l g [T A Y Stackelberg 1R AR L F 45 A B HE B W 3518 P A2 R TR 15 68 o 01 1] i A
PR . ST Sl 77 F i [ S T AR O SOk e T A N R S A T L I SO [ i T A
T STt AR 73 PERL A R AT: 70 B2 24 . 23 Bt 1 A [a) [ YSg 52 24 % [T i | A3 07 5 o B3 R 25 A S VIR B2 i .
A N T8 43 P R SRR U DX A 1 A Bt 16 36 R 5 43 B RN A v R AR 0 3l g e 1 Wi
S A SR R B R AL 35 5P A T ISl et 1 g B S 1) [ O AR T R AR ] Il SR T 2
2y Hr A HLH .

U & HESN IR L S (0 % R 1 38 B2 (R 3R L 27 R AT 42 L SR W 45 7 T 4 T X SBRCUR 98 Dl 7 32 T T A o
AR Ml PRI A M P 2 B AR BT R B D T SR AT IR SR A T R SR A DR I R 2 2
T LA A ER A R BE D JR AL o 4 S A (] 16 2l g e s [ SORE TR AT 5 SR I OO ) 52 1) 8BRS B (L DR SR R .
SCEE A NP BT BT AT A3 P AL AR 3 i T RO X 3 T AT I X s R ] A
T P 0] A T S e A AL 11 4 A ZREAR YL Xk LG A WOl S A R R T P B 0GR (R . R o o Sk T A
T8 HE AR BURT R BOA [1) S8 W o W 8RBl 58 4 2 5 A 52 B DR 3% A o £ sk vl A1 1 36
TR O FLAR B 5 I8 A5 35 3R AR £ N0 B D P SRS BRI L 45 T A N T b O 5 ol 9
AT R o5 30 PR BT B X il S (B AR e FE s i . RS N A EPR M 3 3 e A 2t 3t D ORI B
I3 VR A= 7 R ] AR 38 A R R R 5 T e A R gl 2 2 SR AL T T R AR X A 7R SE i EPR ) BE R R . 4
WL o NS VAR N BB NS B ASE =05 2 5 W EEBUR A S =0 B 5 H AL I
B AR 3 A AR T] AN ] A 54 % 32 9 o 4 2 ol 2 €5 B BT 1) 520

TR B AR SCHR AR B R B, H R T S O i it R TE L I BOR TS E A EIR A BT RN R R L b
TE3) 7 LA P B R Al BRIl AT PSR N R N R N BAR TR =T N
VN SR NG AR (R0 O R -8 A R U e S IS E 5 N DR o S ) I s R e S DB 5 e DR o el I S
AR L A 5 A AT Ry A LR WA A LA Aol 18] ) 5 AR AR AR — A Sl A AL 19 56 &R L R HLBUR R S 77 Mk B
SR SE A A IRXAl B) ORI R AT 7 A SR o DR 0 A SCRE TR 4 R G A R A 2 B Al AR =
7 P 3 7 L 3 7 r v A 7 R BOR 2 SR =7 T A TR A R L BT 5T = 3 AN [ B AR A D X 3 g v it 2R A 4
AR Y5 0 5 23 BT ORI A8 571 S5 18 0 Xk T 30 g R A R T B AR T A 8 9l 2R

2 REME

2.1 HBFEREERRKIE

A5 18 R 55— 7 A 2 R L 30 0 F AR T R RVBOUR 2 R AL T SR AR R BT B T R B =y P
T 30 7 W 2R 7 R AR AR R AT AR R TR 090 2 5 20 77 v AR 7 B 32 2 90 57 AR 7 Bl 0 it BRI IR T R
PEAT B 7 H i 1R A S5 =0 P R T 0T H S P AR A R B R AT S AR s 5 = T R 1 R 32 1R 9 B
7 A A R P R BRI R AR . iz PR A T 2 A R A0 A = 7 5 A R SR T i A 4% T R Rk R ) B Ak
65 B0 o B 5% 555 =07 P40 1 B L 80 0 R T AR T R FBOM AT A R, AR .

1) R SCLASE =5 B 1 B L 2 00 s AR 7 R R EUR AR S 2 5 2R A g 50 ) H P R 3 R W & R AR
AL 3 A ERB A REEANR . B TEZE ARG 2 PR mE R BE 20 = 5 P i 1 v 2 P AR R R IF & L
RN IR o BEEE AR B A IS 1 — a5 Bl ) H AR T R B R A AR 7 R L A DT AR A AR
v BN IRIE AR TR IR 1 — oy s BUM B4 BLH " O E Ry = BB A A L R 1— =,
Hax,y,2z€[0,1],

2) 550 Iy H it AR 7 RS R R AR GE A BT AT B, 55 =0y 7 R 2 DR A A R T A R ORI R AR T I R B
TH AR T 2 ML 200K o S BURFHEAT 7™ 48 R B o 28 = 05 P o o 7 2 DR R BR R R AT e AR ) 1T 4R A5 BRI 5 B
03 F AR 77 R 23 T B R HH A A T A o AT AR AT RO R UG o 17 40 AN 7R HH ZE i 53 AT DU 2% A7 B AR

3) BB EE = 07 T 3 7 e ¢ LSO TH 3l J it ) 85 S Q (kW « )L B2 TH 2l J ri b v 19 4 J8 T A et AT LA
100 Y6 [ Wi 1) FH - 5 28 5k 81z 14 20 7 ek s e o JG 3 VR PR BB R A0 TR 46 32 00 B 090 00 5 =y T 3 R 4 A o



70 FERMEAFZERCELRFR  https://cqnuj. cqnu. edu. cn %41 %

fie Py (G + (kW = b)) A% [T W8 TH 21 v 1t 5 [0 I 575 =07 P o 3 v ORI 456 A A R R 1 BB » A 32 A
Co s PSR =07 P 36 g SR B T AR B A SRS T 7™ A O BIL 2 403 R A0 A H 5 30 20 P TH 3l g Hi it 52 25 8 ORI T Al
THALAT A AGE + (KW« b)) 5 55 =5 Pl 5t 7 PR BURR 35 AT AR AT BN 2 B 5 55 30 g il 26 77 Y R AT
55 =07 PHARE R A A RGN ER D AE s [N S BURF 23 )RR HEAT-PEAE ) B AR BIE 2 1) 58 = J7 7 ) 2 T i f3E
FMI S

4) BB S g v A= 7 R I K Bl vt AR T AR SRR R B AR D P (T e (KW e b)) KR A SR
BREE A% Py GE « (KW« b0 B Jy b A 77 0 S AR Ry €y 5 2277 1 2 Sl R HHL 2R 7 3 18 b 52 AT AR IE A
B sy Jy A A ™ g BT BT 3l 7 v it [ s s B S B9 AR SE O By s 3l g A it A ™ g AR R R H A e
SEAR ST, P AR AR I AL 2 A0 ICAE E. s 3l 7 A v [l e 5 2 T B AR B2 AR K- 15 2048 i it — 2R T 3h )
FEL T 19 A 7 RO L R B S (B A AE 5 BT 2 o) BRURR AR HH AR 7 3 A A 54T 1 8 J v il A 7 R SR BEARILG S,

5) BB BN AT MBS B R AR Ry C s () IS SRR 2 1) B A =55 3l g F b ) s 5 A AF A 9 Al
FALKNE S=S, +S, s BURF I 7 M KU B 3845 B9 AL 2 Wi g5 D E 5 5 PAR b AR R 25 47 30 g v b 15 A 0 B R 81
T B T ARAT BAL 2 38R ACAE AE 5 3l 7 Ha it A2 7 5 0 R AS AR PH AR 7 3 S A SEAT  BUR U2 X 2R AT AR )
FACH Fo
2.2 ZPEREMERNEHE

AR _E R A5 A D7 R AR A BL I 1 R

F1 E=FABHERFNRBEFANBF=FZTERE

Tab.1 Tripartite payment matrix for third-party remanufacturers, power cell producers and governments
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Fig.2 Dynamic evolution diagram of power battery production enterprises
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Tab.3 Local stability of equilibrium points between third-party recycling enterprises and power battery production enterprises
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Tab. 4 Local stability of equilibrium points between third-party recycling enterprises and power battery manufacturers
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Tab.5 Local stability of equilibrium points between third-party recycling enterprises and power battery manufacturers
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Tab. 6 Expression of determinant and trace corresponding to equilibrium point of power battery manufacturer and government
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Tab.7 Local stability of equilibrium points of power battery manufacturers and governments
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Tab.8 Local stability of equilibrium points of power battery manufacturers and governments
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Tab. 9 Local stability of equilibrium points of power battery manufacturers and governments
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Tab. 10 Initial parameter assignment
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Fig. 4 Simulation results of system evolution dynamics with initial parameters
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Operations Research and Cybernetics

The Incentive Effect of Government Subsidies on Technological Innovation of

Power Battery Recycling

CHEN Yuke, TONG Xin
(School of Economics and Management, Chongqing Normal University, Chongqing 401331, China)

Abstract. Accelerating the research and development of power battery recycling technology is an important path to achieve the
standardised recovery and resourceful recycling of waste power batteries, therefore, it is of great significance to explore the
government regulatory measures to stimulate the technological innovation of power battery recycling. Based on the Extended
Producer Responsibility ( EPR) system, a three-party evolutionary game model is constructed consisting of third-party
remanufacturers, power battery producers and the government, and the evolutionary strategies of the three parties under different
stability conditions is simulated by using Matlab, and the impact of government regulatory measures is compared and analyzed on the
evolution of strategies of third-party remanufacturers and power battery producers. It is found that: 1) the government’ s
implementation of power battery reuse technology R&.D subsidy policy can effectively promote the third-party remanufacturers to
actively invest in the power battery manufacturers to take the initiative to assume the responsibility of production extension; 2) the
government’s subsidy to the third-party remanufacturers can significantly increase the willingness to actively invest in the R&.D
relative to the power battery manufacturers; on the contrary, the government adopts the appropriate punitive measures for the
power battery producers, which is more capable of motivating them to take the initiative to undertake R&D. In contrast, the
government’s adoption of appropriate penalties for power battery manufacturers is more likely to incentivise them to take the
initiative to undertake the responsibility of R&D of recycling technologies.

Keywords: power battery recycling; subsidy incentives; technological innovation; evolutionary game
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