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Abstract

Abstract: The development of electric vehicle provides an alternative to conventional fuel vehicles for
logistics companies. Using electric vehicles has the merits of less pollution and low noise, but the
characteristics of limited cruising range and limited number of charging stations are new challenges.
Electric vehicle routing problems(EVRPs) have been widely used in transportation, logistics and other
fields, and have received much attention. A comprehensive survey of EVRP and its many variants are
presented and the respective backgrounds and applicable conditions are analyzed. The solving
approaches of EVRPs are categorized, the strengths and weaknesses of each algorithm are analyzed, and
the related practical applications are reviewed. The basic information and some node distribution maps
of EVRP benchmark dataset and EVRP with time windows benchmark dataset are given, and the
algorithms that have been applied in EVRP benchmark dataset are compared and analyzed. The future
development trends of EVRPs is depicted.
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Table 5 Search results of VNS, SA, GA, BACO and CBACO on small-scale EVRP benchmark instances
HA it VNS SA GA BACO CBACO
min 384.67 384.67 384.67 384.67 384.67
29 max 384.67 384.67 384.67 \ \
mean 384.67 384.67 384.67 384.67 384.67
stdev 0 0 0 0 0
min 571.94 571.94 571.94 571.94 571.94
3 max 571.94 571.94 571.94 \ \
mean 571.94 571.94 571.94 571.94 571.94
stdev 0 0 0 0 0
min 509.47 509.47 509.47 509.47 509.47
£30 max 509.47 509.47 509.47 \ \
mean 509.47 509.47 509.47 509.47 509.47
stdev 0 0 0 0 0
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ey guit VNS SA GA BACO CBACO

min 840.14 840.57 844.25 840.57 840.57
max 840.46 873.33 846.21 \ \
£33 mean 840.43 854.07 845.62 842.30 840.57
stdev 1.18 12.80 0.92 1.42 0.00
min 529.90 533.66 529.90 529.90 529.90
Es max 548.98 533.66 553.23 \ \
mean 543.26 533.66 542.08 529.90 529.90
stdev 3.52 0 8.57 0 0
min 692.64 701.03 697.27 692.64 692.64
max 707.49 716.77 730.92 \ \
E76 mean 697.89 712.17 717.30 692.85 692.88
stdev 3.09 5.78 9.58 0.81 0.92
min 839.29 845.84 852.69 840.25 838.84
E101 max \ 856.74 887.14 \ \
mean \ 852.48 872.69 845.95 840.56
stdev \ 3.44 9.58 4.58 0.42

T 7 FoRBdE RS H iR .

#6 SMEIVELE EVRP SR G IR b IR K A2k
Table 6 Search results of VNS, SA, GA, BACO and CBACO on large-scale EVRP benchmark instances

HAl Ea VNS SA GA BACO CBACO
min 16 028.05 16 610.37 16 488.60 15901.23 15 884.58
max 16 883.38 17 396.06 17 478.86 \ \

X mean 16 459.31 17 188.90 16 911.50 16 031.46 15 930.76
stdev 242.59 170.44 282.30 262.47 31.15
min 11323.56 11 404.44 11 762.07 11 133.14 11 091.37
max 11 660.70 11 881.73 12 309.38 \ \

Xl mean 11 482.20 11 680.35 12 007.06 11 219.70 11245.18
stdev 76.14 116.47 156.69 46.25 66.09
min 27 064.88 27222.96 28 008.09 26 478.34 26 456.95
max 27 418.38 27 796.69 28 792.66 \ \

3 mean 27217.77 27 498.03 28 336.07 26 593.18 26 637.80
stdev 86.20 155.62 205.29 72.86 91.24
min 25370.80 25 464.84 26 048.21 24 763.93 24 776.44
max 25 774.62 26 038.65 26 742.11 \ \

X9 mean 2558227 25 809.47 26 345.12 24916.60 24 911.98
stdev 106.89 157.97 185.14 94.08 92.95
min \ 51929.24 54 189.62 53 822.87 52706.59
max \ 53 534.01 56 327.62 \ \

o7 mean \ 52 793.66 55327.62 54 567.15 52 853.78
stdev \ 577.24 548.05 231.05 53.12
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Al it VNS SA GA BACO CBACO
min 71 345.40 72 549.90 73 925.56 70 834.88 70 943.23
max 72 187.75 73 693.49 75 535.99 \ \
X083 mean 71 770.57 73 124.98 74 508.03 71 440.57 71 339.17
stdev 197.08 320.07 409.43 281.78 297.11
min 81 002.01 81392.78 84 034.73 80299.76 80 042.38
max 81 634.06 82 414.80 85 549.36 \ \
X7 mean 813 270.39 81848.13 84 759.79 80 694.54 80 571.38
stdev 176.19 275.26 376.10 223.91 222.72
min 164 289.95 165 069.77 170 965.68 164 720.80 163 751.23
max 165 571.48 166 640.37 173 391.76 \ \
X819 mean 164 926.41 165 895.78 172 410.12 165 565.79 164 826.42
stdev 318.62 403.70 568.58 401.02 599.22
min 341 649.91 342 796.88 357 391.57 342 993.01 341 369.36
ol max 343 338.01 344 521.64 362 422.52 \ \
mean 342 460.70 343 533.85 360 269.94 344 999.95 343 127.47
stdev 510.66 556.98 1192.57 905.72 877.97
min 77 476.36 78 053.86 78 832.90 76 297.09 75 666.26
max 78 464.68 79 226.81 79 567.00 \ \
X100t mean 77 920.52 78 593.50 79 163.34 77 434.33 76 405.53
stdev 234.73 306.27 229.19 719.86 337.78

T RN B RS AT R .

VNS. SA FIGA % F 25 H B AR H vk a7y,

W1 VNS 7E X916 F 1A s &F 3 ks, SA{E
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