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Abstract

This paper investigates the strategic choices and evolutionary paths of recyclers between formal
and informal recycling modes in the process of recycling used power batteries from new energy
vehicles. By constructing a tripartite evolutionary game model involving the government, recyclers,
and residents, the decision-making behaviors of each participant and their influencing factors are
analyzed. The study finds that the willingness of the government and residents to supervise signifi-
cantly influences recyclers’ choice of formal recycling modes, with the supervision effect of resi-
dents being particularly pronounced. Additionally, increasing the profits from formal recycling can
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effectively encourage recyclers to switch to formal recycling, while reducing the profits from infor-
mal recycling can only slow down their shift towards informal recycling. Based on these findings,
the paper recommends that the government should encourage recyclers to upgrade their technolo-
gies and support their transition through subsidy policies, while also establishing resident supervi-
sion platforms to promote the sustainable recycling of used power batteries.
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Table 1. Three-party’s benefit matrix
1 =W EER

e 2 FURT EIEE JBR
XY, Z M -C1-S1 M3-C2-C+S1 -C4
X,1-Y,Z M —Cl+(1—A)*F—Ce—82 (1—B)*M2—CZ—F—M3 —-C4+ A*F+S2
XY 1-Z M -C1-S1 M3-C2-C+S1 0
X1-Y 1-Z M —C1-Ce (1-B)*M2-C2 _C5
1-X,Y,Z -M1 M3-C2-C -C4
1-X,1-Y,Z —Ml—Ce+(1—A)*F (1—B)*M2—CZ—F—M4 —-C4+ A*F
1-X,Y,1-Z 0 M3-C2-C 0
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Ell=y*z*(-Cl+M —S1)+y*(1-z)*(-C1+M —S1)
+2*(1-y)*(-Cl-Ce+F *(1- A)+M —S2)+(1-y)*(1-z)*(-C1-Ce+M)
E12=-Ce*(1-y)*(1-z)-M1*y*z+z*(1-y)*(-Ce+F *(1- A)-M1)
El=x*E11+(1-x)*E12

AT PAG BB ) R B T REN -

F(x)=dx/dt = x(E11- E1) = —x*(x—1)*(-C1+M + M1*z - S1*y +S2*y*z - 52*7)

X F (%) RS04 dF (x)/dx =—(2*x—1)*(-C1+ M + M1*z - S1*y+ S2* y*7 - $2*7)
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FRERME SN T x=0, MBUFEREE, 2 (-Cl+M +M1*2-52*2)/(S1-52*z) < y <1i, BU
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Figure 1. Phase diagram of governments’ willingness
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Figure 2. Phase diagram of recyclers’ willingness

E 2. EymEEREGLE

RS 2 s R RIS -
F(z)=dz/dt = 2*(E31-E3)=z*(z~1)*(A*F *y— A*F +C4+C5*y ~C5+52*x*y —52*x)

Xt F(z) KR—Br 33 dF (z)/dz = (2*z2-1)*(A*F*y - A*F +C4+C5*y —C5+S2*x*y—S$2*X)

TR L A SRR E M, X x=(-A*F*y+A*F -C4-C5*y+C5)/(s2*(y-1)) i, it x B
E R AR, S R SR R R e,

0<X<(-A*F*y+A*F-C4-C5*y+C5)/(S2*(y-1)) I, JH RHIEEFME 2T 2=0, WERAS
S, 2 (-A*F*y+ A*F-C4-C5*y+C5)/(S2*(y-1))<x <1, JERMMIEE Fug 2T 2=1,
B & AR S S

AL R 15 3:

I z 4z
VA1

VA1 N

v

v

VA2

VA2
X X

X
X=(-A*F*y + A*F - C4 - C5*y + C5)/

X<(-A*F*y + A*F - C4 - C5*y + C5)/
(S2*(y- 1)

x>(-A*F*y + A*F - C4 - C5*y + C5)/
(S2*(y - 1) (S2%(y - 1))

Figure 3. Phase diagram of residents’” willingness
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ARAE 2 T R (B4, T EERE R 1) i A R A 2 B S, 239 A AR e . PRI
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Table 2. Stable point analysis
"2 RERDH

Je s Y5 e FHIEME 21 FHIE(E 22 FHIEE 23

El —C1+M B*M2-C-M2+M3 A*F -C4+C5
E2 Cl-M B*M2-C-M2+M3+S1 A*F —C4+C5+8S2
E3 —C1+M =81 ~-B*M2+C+M2-M3 —C4

E4 —C1+M +M1-S2 B*M2-C+F-M2+M3+M4 —~A*F +C4-C5
E5 Cl-M +S1 —-B*M2+C+M2-M3-51 —C4

E6 Cl-M -M1+S2 B*M2-C+F-M2+2*M3+S1 —A*F +C4-C5-52
E7 —C1+M +M1-51 -B*M2+C-F+M2-M3-M4 c4

WL RAE AR, ET, E8 B A RAEHTIE AL AR 6 KN Ess.
H AR HOL T,
E1:-C1+M <0,B*M2-C-M2+M3<0,A*F -C4+C5<0;

E2:C1-M <0,B*M2-C-M2+M3+S1<0,A*F-C4+C5+S2<0;

E3:C1+M -S1<0,-B*M2+C+M2-M3<0;
E4:-C1+M +M1-52<0,B*M2-C+F-M2+M3+M4<0,-A*F+C4-C5<0;
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Figure 4. Diagram of the practical teaching system of automation major
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Figure 5. The impact of government regulatory probability on
recyclers’ strategies
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Figure 6. The impact of resident regulatory probability on re-
cyclers’ strategies
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Figure 7. Regular income of recyclers
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