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Abstract

In this study, with the background of waste lithium battery recycling, from the actual power battery
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recycling process flow, based on the supply chain network equilibrium theory, considering the re-
generation of many kinds of scarce metal resources in the actual battery recycling process, the
model constructs a three-layer supply chain equilibrium decision-making model that contains
multi-materials flow, and the decision-makers include battery recycling enterprises, battery pro-
cessing enterprises and battery production enterprises. Later, the variational inequality method is
innovatively adopted to solve the model, and the validity of the model is verified by numerical sim-
ulation. The results show that the equilibrium state and interaction of each link of the multi-mate-
rial flow significantly improve the overall efficiency and resource utilization of the supply chain.
This study provides a new theoretical framework and practical strategy for the recycling of used
power batteries, and the established equilibrium model helps to coordinate the interests of each
member of the supply chain, improve the overall operational efficiency, and provide a scientific ba-
sis for the long-term stable development of the battery recycling industry.
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Figure 1. Topology of used battery recycling supply chain network structure
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Table 2. Model decision variables and descriptions
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Figure 2. A link in the transaction chain
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Figure 3. Battery recycling business transaction chain
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Figure 4. Battery handling business transaction chain
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Figure 5. Battery manufacturer transaction link
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KRifim(ml)A, il 6 Fra. B pl Al p2 HREFFA RS EEE . ERERET, Bk a—
AN YTRE EAEATAT A AT BB - 72 MMLA 1, JEIETE H bs s 20 518 5 TOR Mg v T I i 47 10 13
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Figure 6. Example of a supply chain network

B 6. {3t %P0 4% L5

R R ) 246 A O R A S BB B A4 3 R, I8 A e B % S RURE AN 4 s T BE (1
BN VRUE £ B E A 5000, 7EE 3, (i, ) RaEHSRE | F j IBERK . 7E ] 6 AR BERK 55

UARE T BRI S .

Table 3. Correlation function and value setting

3 AXEHSHERE

S EIRICANRE R, R RS Aol e [ A B
PR, Rt AR A T SRAR A R R
P4 I JEURH ) i A
Eq.(29) 45 7€ IE & ¥ a,, M b,
Eq.(30) 45 € Ik &4 a,, flb,,

=1.17P

i buy

plte =155, p™ =350
a,, =0.0032,b,, =0.000076
a,, = 0.004,b,, = 0.000045

+0.15,i=1,2
Q,,=0.121Q;;Q,, =0.023Q,, j =1,2

Table 4. Parameters of the transportation cost function

4. THIRARBEISHY

(i.J) &

0.0004
0.0005
0.0004
0.0004

A W N

by
0.00002
0.00003
0.00002

0.00004

0.005
0.005
0.006
0.005

05
05
05
0.5
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5 0.0004 0.00005 0.005 05
6 0.0006 0.00002 0.004 05
7 0.0004 0.00006 0.004 0.5
8 0.0008 0.00002 0.004 0.5
9 0.0005 0.0006 0.005 0.5
10 0.0006 0.0004 0.004 05
11 0.0004 0.0005 0.005 0.5
12 0.0008 0.0002 0.004 0.5

H b [T S Aol s T HAL s [T AT Aol s2 (%) [ 5 A= 77 BUAR 43 il A 354 F 411, 55 s1 R s2 ARG B4 52 1H
Bl 71 H i A AR 43 5 0.01 F110.02. s1 AT s2 R R TH Bl ) Fa it 28 5 AR 350 0.002. AT 58 55 1
IR HRE Q™™ 13 B A 500,

H AL B A pL A EL AR R A p2 PR AR P AR 43l & 502 A1 498, 5 pl A p2 ARG B R
3] )3 HL A 52 5 1A 53531 9 0.001 1 0.002. AT ARA: = i A B AL VC = a,Q; +b,Q; 1 pL 124k a; Fl b, 43
5129 0.01 A1 0.00002, p2 154 a; Flb, 4351y 0.02 il 0.00002. % T HibALFE AN pl Fl p2, AL
fi PR EURH FEE RO ZE T 0.001 F10.002,  FEL i BT A M 5 H b AL B Al 5 il AS R 5% Y 2 Bt
5 Fi7Ro

Table 5. Cost-related parameters

F#5 SHAEXNEH

VC =aQ +bQ?
VS e FC AHC ATC
a b
sl 354 0 0 0.01 0.002
s2 411 0 0 0.02 0.002
pl 502 0.01 0.00002 0.001 0.0002
p2 498 0.02 0.00002 0.002 0.0004

23 B4k 319 M B BE, MMLA WS B & i, H AR 3E v 4324585.6577. # 6 Ak
AT ETZARTEHKRNE R, n FEAERPERRZ R, SRR T E R R A R R
MR BT RGNS BT, 50T USRI 5% 1 (2) 2 B3 B A% 2 . BRES 6 M3
Ak, HARIRTTE AR i 2 P 2 (). F 79 HIH T SANE VSR ARt . Ak, FrE
FEH PIT RAR AN 7= S BEAIE ST, RIFEAFE R AR

Table 6. Equalization results for each link

6. BRIEMELER

(i, J) i W Pii.j) Cj Pi.i) Piai) =% ~ Piap) f
1 0 0 20 0.5 8.8564 —11.6436 0
2 0 0 20 0.5 4.2258 —16.2742 0
3 0.9848 0.7268 3.7207 5.1357 8.8564 —4.4409 471.5423
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4 0.0152 0.0112 3.7207 0.5050 4.2258 0 7.2576
5 0.3118 0.4529 82.0146 0.5229 154.9428 —72.4052 17.7879
6 0.6882 1 82.0146 0.6082 349.8383 267.2154 39.2687
7 0.2708 0.3713 82.0150 0.5140 154.9503 —72.4213 15.4499
8 0.7292 1 82.0150 0.5679 349.8289 —267.2461 41.6067
9 0 0 349.3984 0.5 154.9428 —194.9557 0
10 1 0.7378 349.3984 0.5 0.5005 —0.0606 1.0887
11 0 0 349.3693 0.5 154.9503 —194.9189 0
12 1 0.8617 349.3693 0.5 0.5009 —0.0412 1.0887

Table 7. Equilibrium results for battery recycling companies

= 7. it E Al B A

i Qi Qi ,sold Qi,left pi,sold rl
1 480.8299 480.8299 0 3.2941 0.9998
2 478.8 478.8 0 20.0 0.7256

Table 8. Equilibrium results for battery handling firms

% 8. HtAIBES RIS SR
j Qj,l Qj,z le,sold sz,sold le,leﬂ sz,len pjl,sold pjz,sold rj,1 rj,2
1 57.0566 1.0886 57.0566 1.0886 0 0 82.0146 349.3984 0.9999 0.4389
2 56.8214 1.0592 56.8214 1.0592 0 0 82.0149 349.3692 0.9997 0.4387

Table 9. Equilibrium results for battery producers

9. Bt Pl AN EILE R

k le ka pkl,buy pkz,huy
1 17.7878 40.3573 154.9427 349.8382
2 15.4499 42.6953 154.9502 349.8289

5. it 5i1ie

AW FERE X VA 30 7 it (B P s, A3 0 — AN r s [ e all o b A T Ml AT R
FRAY ) = R L B A R SRR . I AR AN RIS 2 S, RS R BEAT TR, JF
I AR P FCRAIE T AR AT R . TS RIS 1 22 APRLATIEE ) N E ) 2% 2 IR S TR AR A AR L
PEFIANR AT, DAREATTRT (A I R 0 AN B UM Y 2 ) i 2 5 AR SR AR5 R, S BRI
ERIANE i R A RENE AT PR BN RRA, SRR BRI, 0 T 22 IR A B et BRI R 34 A
M RAEERE . AN, B ABANF RS A R AR 5, XA RES % B A I AT 7 5
WA Ko X R DU BN AT R 228 B 1 SRR

BERE 2 S FRAE SR A R rh R B RAFROVERE, (HIHZHOR B SR AR M A B A B 5 .
B, RREIWTFE AT LU — SRR S HAU KNS, DS s ARG e S Rk . (RN, ACHIE FE A
ANGEE T AN BOR ] 7€ & A2 1 52 AH S B L A R 3R 86 22, DU EERR A 3l 7 fa it i) 28 el o 5%
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% 18 HL It [T R A PA B M AL 2 DA, B R AN [R] BT SO AR X {3 7 i ] 2% 24 1487 4 2 M A A AT
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