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Abstract

Under the background of “dual carbon”, the amount of power battery is showing a rapid growth trend
with the development of new energy vehicles. Since there is still energy left when power battery is
retired, cascade utilization is an effective measure for the recycling and reuse of waste batteries. Plan-
ning a reverse logistics recycling network for power battery that takes cascade utilization into consid-
eration is an effective way to improve the efficiency of power battery recycling and alleviate resource
and environmental pressures. This paper considers the uncertainty of the amount of power battery
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recycling and the market demand for cascade utilization, establishes a robust optimization model for
a multi-period power battery recycling network with the minimum total cost, constructs a test exam-
ple to solve the model and performs sensitivity analysis on the robust control parameters.
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Figure 1. Power battery reverse logistics recycling network
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Figure 2. Site selection result of multi-cycle power battery recycling network
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Table 3. Robust optimization decision results with x=0.5
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Figure 3. Total network cost under different robust levels of recycling
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Figure 4. Total network cost under different robustness levels of demand

E 4. TEFKREHNERKT THIMLE S RAE

DOI: 10.12677/mse.2025.141023 227 EERES TR


https://doi.org/10.12677/mse.2025.141023

Bejiik, TUKEE

oriirlEl 3 51 4 mTHL B S ERER SRR, AR I, MR R R I K&,
IF HRA G K FE AR AR B I% . IXRE t TBEE S HAHE R R, BUE TR e S B0 R BEh
HITE L, U ) de D0 B P R s ] 2O/ o BT LR SR AT DARLET & M KT 5 B 5 KU i 4 »
WFEEEEREACT, DR R R L B E . IR RSB H 280N, s /40808, His
PR St BT 226 5 A B BOR o IX 2 Y T B R OO, ANHE VRSN RDBROR, T RE S R Ik ) S A
5 BEAF AU BN, T AR 2ok 1 I Z% S A G . R R ARIRITE BU R B 77 s it [l AN E
P BT R AR A B 3 0 2 B DT 37 76 SR B AN ek 2 o 35 e TR R o | s R AN (AT A
WOAA SRR I, BRI RIS ANTA E RS, P A 2 AR e ik SRS, ARG I AR 2 A i, (H2
BEUCH RI T 372 5 SR A E PRI 2 ok — 8 BN R 3K, AR T BISCR R A E M, X2 S BRI
FIEHCRR SN, 2RI — 78 20 FD (B A P 2% B AS (4 0 o

6. &5ig

TE “RUBR” 5T, EFRT2) 77 ot [ R 2 BRI ) f, AR SCE RS T B IVR 2% 7 Bl 77 r i el )i
SRR T 5 7 RO S, @527 2 ) 77 Bt 1) P03 X 28 i B AR A . RS RY iy
WAAHESE, KA T ZEHT AR . %18 Budget EHMALIIS @ L SHIIAHEES, Hk
A AHE S EUN H FR RS 2R A AT SN AL, I8 I R B I B T SR AR R 5 A ) S
KFR. RIGHIEREHLE ], Bl Python i H Gurobi RARIEAY, JExt & Feis il S5 5 sl REGHAT REUE
I, S HTANHA S VST T o SR A5 SRR, LIS IR B Ak 7 iR AE AR BEAS KA e AR AL R R A Rt . R
SCAESR AR5 200 IR G e 5635, ARRAT DUE— D Bt i RO S0 SR AR RS S48 1) B s A 2

SE
[ XS, DRz, bR A 3 7 PR (R BE AN LBIBE L), Toll TR ER, 2021, 26(3): 80-
88.

[2] Feng, L., Govindan, K. and Li, C. (2017) Strategic Planning: Design and Coordination for Dual-Recycling Channel
Reverse Supply Chain Considering Consumer Behavior. European Journal of Operational Research, 260, 601-612.
https://doi.org/10.1016/j.ejor.2016.12.050

[81 RO, kW)L BRBRASE 5 5 AMWEECHE T 20 ) F it PR R P A T [JOL]. o A R4 1-19.
https://link.cnki.net/doi/10.16381/j.cnki.issn1003-207x.2023.1828, 2024-08-26.

[4] KNI, HREE, ZEalhl. BRERASE 5 BOR N Fahy 2 Bl 0 s i i R OR DR SR L]. F2) 5 Tk 3R, 2024, 39(6):
2051-2059.

[5]1 WHSERH, ROy, FRAHE. JET AR SUAEAE R BRIV ZE B ) IR I USo SRAEIAT 0], Hh B ERL A, 2022,
30(11): 309-320.

[6] ARACH, ZER, WREE. WOBEUE T2 H ARSI ALN]. T TS, 2017, 22(5): 135-141+149.

[71 Mu, N., Wang, Y., Chen, Z., Xin, P., Deveci, M. and Pedrycz, W. (2023) Multi-Objective Combinatorial Optimization
Analysis of the Recycling of Retired New Energy Electric Vehicle Power Batteries in a Sustainable Dynamic Reverse
Logistics Network. Environmental Science and Pollution Research, 30, 47580-47601.
https://doi.org/10.1007/s11356-023-25573-w

[8] Rosenberg, S., Gloser-Chahoud, S., Huster, S. and Schultmann, F. (2023) A Dynamic Network Design Model with Ca-
pacity Expansions for EOL Traction Battery Recycling—A Case Study of an OEM in Germany. Waste Management,
160, 12-22. https://doi.org/10.1016/j.wasman.2023.01.029

[9] Guan, Q.and Yang, Y. (2020). Reverse Logistics Network Design Model for Used Power Battery under the Third-Party
Recovery Mode. 2020 16th International Conference on Computational Intelligence and Security (CIS), Nanning, 27-
30 November 2020, 293-297. https://doi.org/10.1109/cis52066.2020.00069

[10] AEEE¥S, WEIEVE, Fidh. RS A R 3l 5 HE SR i 3l 0 it [l WO £2 3], of B BB, 2024,

32(11): 201-213.

[11] AmRRERE, FKICA, SKERZL. 25 REBE A I 3l 0 it Rl OB BCR T FE 0], Tolk TAE 54 PR, 2022, 27(2): 1-8

DOI: 10.12677/mse.2025.141023 228 RS T


https://doi.org/10.12677/mse.2025.141023
https://doi.org/10.1016/j.ejor.2016.12.050
https://link.cnki.net/doi/10.16381/j.cnki.issn1003-207x.2023.1828
https://doi.org/10.1007/s11356-023-25573-w
https://doi.org/10.1016/j.wasman.2023.01.029
https://doi.org/10.1109/cis52066.2020.00069

ik, Bk

[12]

[13]

[14]

[15]

WiEA, B, THE, 5. XCRIES) 7 RO R R RS ) YR P AR ). T VLR s R
4, 2023, 29(7): 2461-2473.

XIGEGR, FRA AT, 2 RSN E M I R BIR R 30 0 s MR 28 Wik ). RIS R AR, 2021, 42(2): 96-
102.

Hao, H., Sun, Y., Mei, X. and Zhou, Y. (2021) Reverse Logistics Network Design of Electric Vehicle Batteries Consid-
ering Recall Risk. Mathematical Problems in Engineering, 2021, Article ID: 5518049.
https://doi.org/10.1155/2021/5518049

ok, ThEE, Zhe. WEYIRE 7R P B A S S RG] RN LIRS RH, 2015, 51(3): 18-
23+30.

DOI: 10.12677/mse.2025.141023 229 RS T


https://doi.org/10.12677/mse.2025.141023
https://doi.org/10.1155/2021/5518049

	不确定环境下多周期动力电池回收网络优化
	摘  要
	关键词
	Optimization of Multi-Cycle Power Battery Recycling Network under Uncertain Environment
	Abstract
	Keywords
	1. 引言
	2. 文献综述
	3. 问题描述与数学模型
	3.1. 问题描述
	3.2. 符号说明
	3.3. 数学模型

	4. 鲁棒优化处理
	4.1. 目标函数的不确定性处理
	4.2. 动力电池回收量的不确定性处理
	4.3. 梯次市场需求量的不确定性处理
	4.4. 鲁棒对等模型

	5. 算例分析
	5.1. 算例设置
	5.2. 决策分析
	5.3. 灵敏度分析

	6. 结论
	参考文献

