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Abstract: The heterogeneous electric vehicle routing problem with time windows (HEVRPTW) was studied by
comprehensively considering factors such as customer demand differences, vehicle heterogeneity, and charging
constraints. A mixed-integer programming model aimed at minimizing total travel costs was constructed. A hybrid
variable neighborhood search (HVNS) algorithm incorporating a hierarchical clustering mechanism was proposed for
solution. The hierarchical clustering mechanism was utilized to spatially partition customer nodes, and a greedy
algorithm was integrated to generate initial solutions. In the local search phase, multiple neighborhood operators,
including single-point insertion, two-point exchange, two-segment exchange, and 2—opt, were combined. A charging
station optimization strategy was introduced to enhance route selection. Simulation experiments were conducted

based on standard test cases, and comparisons were made with the Gurobi solver and genetic algorithm (GA).
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Sensitivity analyses were performed on key parameters such as battery capacity, charging time, time window width,
and vehicle number. The results show that the HVNS is able to obtain high-quality solutions comparable to Gurobi in
a shorter time, which verifies the correctness of the model and its superior performance in solving problems of
different scales. Compared with GA, the HVNS achieves a 10%-20% improvement in solution quality while
demonstrating better stability and convergence. Through parameter optimization, the optimal configuration is
determined (with a battery capacity of 150 kWh, charging time of 45 min, time window width of 90 min, and vehicle
number of 8), achieving a balance between total travel cost minimization and customer satisfaction maximization.
The findings confirm that the HVNS is an effective method for solving the HEVRPTW, providing a scientific
decision-support tool for logistics enterprises in optimizing electric vehicle routing.
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algorithm; variable neighborhood search algorithm; optimization of charging strategy; logistics and

distribution; intelligent algorithm
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Tab.2 Comparison of Gurobi and HVNS solution results

Gurobi HVNS
ESY] - — - - -
i ] /s PSR IOTH JLFR S /km B 7] /s BT 2K /T SR B km
Cl 180 410 191.42 20 410 191.42
C2 300 270 308.51 60 270 308.51
C3 5 140 170.22 2 140 170.22
C4 270 210 255.33 30 210 255.33
C5 — 300 — 70 300 284.79

MRYEE 2 AT 1. X F /N 2 ] €3, 2 Ff ik
Y4 i 6 5 S 1) V) PR SR A [ 1) S O e, L 35906 JE A
RV A5, BIE T AR SCBCRY ) IR A 1 5 26 R A rp s
B2 (C1 ~C4) BRI 245 (C5) I}, Gurobi 1Y
SK S I ] 58 B (C1: 180 s—C4: 270 s), H7E C5
SR T G A PR B[] N 3R AR AT AT A I HVNS 55
W A AR T B SOK R (C1 AL 20 s, C4 55 30 s, C5
T 70 s), 7E BT RAUEEE B AR ) 508, HVNS 1
SR i) 6] 53 AT Gurobi (C1 5 C4 I 8] ¥4 45 45
88.9%). W & 7E AL B C3 A1 C4 I}, HVNS J& B
I A R AR (C3 B TR 2D 60.0%, C4 U 2

88.9%). X L&k LA B IE AR A A B 09 RN, tiiE
BT HVNS B33 e AN [ FUB ) 5 e %) I b 1 B
3.2 EiEMEEXTEE IR

S PFEAE HVNS B3k i vk B, T 5 e Bk
(GA) IXF L SC 5, SEgs PR AR 48— & R 30,
2 PR AE R RIS ZE 4611 43 5 Al 5732 4T 20 IR, B
UGB AT E] FBRA 60 s, 3 0 2 A A AEf TR
B 2R OV S (E RS2 G ) E 2
MR ZE BIALHG PP 25 HAR (C201~C208) . KA (C101~
C108) FlEA K AAL (R101~R108).

&3 GA T HVNS KR R3TtE
Tab.3 Comparison of GA and HVNS solution results

% i GA HVNS
A km  F2ZEMAm FIHEAn  pREE A km e E A Am FHE/Am bRiEE

C101 855.15 956.64 878.54 27.97 830.47 896.64 861.83 23.87
C102 830.47 1021.34 877.46 33.45 830.47 916.61 860.55 26.27
C103 840.21 1 056.29 890.23 58.12 830.47 1028.90 880.87 55.39
C104 837.26 1 078.90 906.64 60.34 830.47 1001.00 887.78 57.32
C105 830.47 1 038.90 887.78 53.34 837.96 992.56 892.83 45.15
C106 837.26 962.45 870.55 38.90 830.47 916.61 859.50 24.55
C107 866.78 916.61 878.12 23.76 830.47 962.45 875.69 39.90
C108 839.18 992.56 878.78 41.23 838.99 916.61 868.32 23.89
C201 679.42 734.67 687.46 16.37 677.22 677.22 677.22 0
C202 680.02 809.45 723.45 33.45 670.45 727.67 684.36 15.37
C203 680.02 720.40 695.33 14.76 670.45 699.35 680.08 5.90
C204 678.85 694.10 686.35 2.96 669.85 694.10 679.65 4.96
C205 677.22 680.23 669.85 1.43 677.22 677.22 677.22 0
C206 669.85 720.40 696.45 15.12 669.85 694.10 679.70 4.95
C207 671.32 700.23 685.56 10.12 669.85 727.67 681.10 12.27
C208 677.22 694.10 687.22 3.96 677.22 677.22 677.22 0




622 LRI R4 (HARFLFARR) 2025 4F
gx
% i GA HVNS
B km AWM Am  FEEAN  ARMEE RMEM/Am  EmEMAn FHAn  bREX
R101 1756.81 1 908.45 1 830.32 80.43 1537.89 1760.01 1624.02 66.11
R102 1127.01 1430.45 1280.45 136.30 1095.41 1299.19 1197.98 73.73
R103 1202.16 1504.34 1367.56 97.45 1202.16 1 465.15 1343.46 87.48
R104 1258.34 1436.78 1298.63 67.56 1174.37 1389.17 1225.18 55.95
R105 1459.25 1677.34 1567.35 67.45 1 406.99 1 653.78 1546.23 70.26
R106 1467.37 1721.08 1 588.90 105.60 1 359.25 1566.37 1463.14 58.92
R107 1178.36 1467.84 1298.56 80.34 1178.36 1373.22 1266.95 75.73
R108 1 180.78 1 489.30 1307.34 83.51 1178.36 1 409.36 1280.31 75.99
B {E 949.20 1100.54 1005.78 42.40 923.94 1 046.76 973.80 37.66
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L 5 5% . 7 24/~ Bl b, HVNS 7 20 4 21l
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Fig. 11 Results of the sensitivity analysis
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