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Abstract: Due to the restriction of the battery’s limited capacity and long charging time, the large-scale application of electric
logistics vehicle had been affected. A location-routing problem (LRP) model of the electric logistics vehicle with time windows was
established to locate charging stations and optimize the integration of transportation routes with the factors of charging queue and
carbon emission cost of electric vehicle energy consumption. The improved genetic algorithm complimented with greedy search, elite
reservation and inferior solution mutation was used to solve the model. The LINGO optimization solver and the improved genetic
algorithm were used to conduct the result analysis of the small-scale test cases. The results showed that the algorithm was effective.
According to the analysis of large-scale test cases of different distributions, the improved genetic algorithm was 54.52% better than
the traditional genetic algorithm in average, which proved that the improved genetic algorithm could improve the solving ability to a
large extent. By analyzing the influence of the change of service rate of charging station, it was found that with the increase of
charging station service rate, the total cost showed a downward trend which corresponded to reality. The model provided theoretical
basis for the promotion and application of electric logistics vehicles.
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FEERLEL ) 50 HAURECH 250
EACREL P2 F R A/ I8 SR T /s iR L P2 F AR A/ I8 S ¥yt [l /s
50 2 104.01 0.89 50 1 834.47 4.27
100 2 004.52 1.75 100 1 689.38 8.85
150 1 981.87 2.58 150 1 675.82 14.02
200 1 860.05 3.46 200 1 644.77 18.89
250 1 800.64 4.27 250 1 628.27 25.20
300 1 746.41 5.16 300 1599.74 30.38
350 1 802.98 6.00 350 1 582.24 37.40
400 1781.82 6.80 400 1577.44 42.83
450 1726.99 7.63 450 1 584.38 53.06
500 1 739.90 8.54 500 1 595.71 57.65
K5 NIAI S UM A AR S A G 4
Table 5 Experimental results of different cross probability and variation probability
AESAER N 0.1 S 0.6
RS 2 H R A/ T8 SR/ s AR SR -2 H AR A/ T8 SPE [/

0.1 1 826.16 2.53 0.1 1 889.01 4.24
0.2 1 805.19 2.80 0.2 1 846.46 4.28
0.3 1 728.90 3.05 0.3 1742.10 4.33
0.4 1 814.62 3.31 0.4 1796.03 4.38
0.5 1 802.39 3.44 0.5 1 819.49 4.35
0.6 1 836.44 3.67 0.6 1792.30 4.43
0.7 1 865.77 3.87 0.7 1811.12 4.49
0.8 1 774.66 4.08 0.8 1 804.06 4.48
0.9 1 897.56 4.27 0.9 1 809.83 4.55
1.0 1 893.54 4.41 1.0 1 819.70 4.60
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Table 6 Experimental results of R101 and R102

A HAriAs/ 7T THETE/s e ik B Aa
0-11-6-25-8-26 ( FHL) -16-0
0-13-19-9-12-5-10-0
R101 1 502.67 91.67 0-4-24-2-18-0
0-22-20-7-17-21-26( FHL ) -1-14-0
0-23-3-15-0
0-4-23-12-5-10-0
0-9-13-19-16-11-0
R102 1 658.46 90.53 0-6-8-25-1-0
0-15-22-27 ( FEHL ) -14-24-20-27 ( T HE, ) -2-18-27 (FEHL ) -3-0
0-7-21-17-0
. B A 1 87.51 s, IR A 1714 F AR 1A
70 e 1 643.76 TC, M (197 K0 2 4.30% , S AT
'ﬁz Y v N S i D BN
ol ; LA H, 10 Y5 AT T 0 A 22 K/ , LA 61
ol o BORGG R 380 % 71 50 11 b 5 R B SE v 9 1
g # 8 N . o
g . SRR S R AT
ﬂJdDI 40 =~ _ ‘“\ I ‘3‘22
A5 — = [
T 3o} 7 £7 RAIIFH 10 Risfrass
3 o5 o Table 7 Results of 10 runs of R series calculation example
o A WE BAREA/TT SRIBETE s n2E/ %
10 _ g T g 1 1561.48 83.82 6.48
0 10 20 30 40 50 60 70 2 1 466.41 95.42 0
1 7 /km 3 1529.12 86.21 4.28
(a) RIOVF{BRAS AL 45 2R 4 1 540.03 89.69 5.02
VAN R101 5 1 538.31 67.93 4.90
P
700 78 7P ‘g b " 6 1518.52 93.85 3.55
WS 3@ 7 1 547.48 72.13 5.53
£ 8 1 534.06 77.81 4.61
= 8
- 9 1 581.27 75.16 7.83
§§ 10 1 502.67 91.65 2.47
BN » -1y 1531.94 83.37 4.47
1 1 589.53 85.69 0.86
ﬁzs % 2 1 685.54 85.59 6.95
0 10 20 30 40 50 60 70 3 1576.02  100.08 0
B E /km 4 1 649.13 83.46 4.64
(b) RIO2F5il A ALK 25 RI102 5 1 644.49 89.57 4.34
&8 R RIS Rk R 6 1583.72 73.53 0.49
Fig.8 Distribution routing of electric logistics
vehicles in R series 7 1 683.49 81.53 6.82
FIF R101 R102 SFEAREAT 5 B vk, 1 5. 100960 .28
RIS B B BN  EAIEAT 10 %, % 10 e
I — S N SN 10 1 690.67 86.00 7.27
Uz B H AR AR SR il i ] AT e it o0 A, sk 7
Sy 1 643.76 87.51 4.30
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Table 8 Experimental results of C101 and C102 examples

B HARA/ I TR/ PCi% A

0-11-21-8-15-19-12-16-0
0-7-24-4-20-13-0

C101 814.60 89.67 0-25-17-2-1-10-23-0
0-6-18-14-0
0-5-22-9-3-0

0-11-19-8-21-12-0
0-23-18-24-7-14-0

C102 775.67 64.50 0-25-13-4-20-0

0-6-17-2-1-10-16-0
0-15-3-9-22-5-0
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Fig.9 Distribution routing of electric logistics
vehicle in C series calculation example
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Table 9 10 running results of C series calculation example

R U HAREAR/JG SRIgISTE/s W22/ %
1 817.10 92.75 2.14
2 820.98 93.19 2.63
3 823.26 95.50 2.91
4 837.41 83.59 4.68
C101 5 842.96 60.67 5.38
6 846.67 72.88 5.84
7 810.48 81.53 1.32
8 820.83 91.73 2.61
9 799.95 91.55 0
10 814.06 89.67 1.76
Fy 823.37 85.31 293
1 785.70 76.24 1.45
2 781.58 66.58 0.92
3 784.86 44.60 1.34
4 774.48 67.19 0
C102 5 790.14 56.26 2.02
6 782.60 43.84 1.05
7 790.79 66.43 2.11
8 784.88 62.37 1.34
9 796.35 54.20 2.82
10 775.67 64.50 0.15
Sy 784.70 60.22 1.32

3.2.3 RC Z#¥&E 1)

BB RS £ X RC101,RC102 3]
TSR s T4 R 10 s, HE AL n s
Flda 45 R WA 10,

# 10 RCIO01 F1 RC102 AR IR 4%

Table 10 Experimental results of RC101 and
RC102 examples

AbrA, i
T

Bk B A

0-25-13-10-15-24-11-18-0
0-14-21-2-19-0
0-8-6-26( FLHL ) -12-1-5-27( FSHL) -0
0-4-3-22-17-16-0
0-7-23-20-9-0

RC101 2086.23 62.87

0-7-23-9 16-0
0-17-4-3-22-20-0
0-10-13-25-15-24-11-18-0
0-14-21-2-19-0
0-8-6-26( FLHL ) -12-1-5-27( FLHL ) -0

RC102 2101.70 70.26
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Fig.10 Distribution routing of RC series electric logistics vehicle
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1 KA SE GA SEESR AR ARAT B9 H AR AL Zg,
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Table 11 Results of 10 times of RC series calculation
A UHC HARA/JC SRRt s fi2E/ % Bl UHC BARBA/ I KL s W2/ %

1 2 087.79 76.00 0.07 1 2 107.01 65.99 0.25

2 2 089.37 53.13 0.15 2 2 107.64 78.27 0.28

3 2 095.19 54.53 0.43 3 2 190.27 47.36 4.21

4 2 089.46 65.35 0.16 4 2 105.78 67.71 0.19

RCI101 5 2 090.88 62.69 0.22 RC102 5 2 102.45 68.00 0.04

6 2 089.45 56.35 0.15 6 2197.14 48.21 4.54

7 2 110.95 49.49 1.19 7 2 134.12 50.23 1.54

8 2 089.21 77.89 0.14 8 2 136.09 48.80 1.64

9 2104.42 68.22 0.87 9 2 104.44 90.60 0.13

10 2 086.23 62.85 0 10 2101.70 70.24 0
14 2 093.29 62.65 0.34 Sy 2 128.66 63.54 1.28
12 FRRUGHEETIS HAR A KR AR R L
Table 12 Comparison of objective cost and solving time before and after algorithm improvement

X/l VAN YANEI G,/ % Toass liga”'s G:p/%
R101 3001.28 1 544.36 48.54 40.63 72.19 =77.68
R102 2 344.31 1 640.78 30.01 45.44 75.82 —-66.86
C101 1 833.94 846.97 53.82 35.24 65.19 -84.99
C102 1 985.96 795.14 59.96 34.60 63.42 -83.29
RC101 5 871.41 2 115.77 63.96 55.38 58.39 -5.44
RC102 7 219.44 2 104.64 70.85 41.78 73.78 -76.59
T 3709.39 1 507.94 54.52 42.18 68.13 -61.52
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Fig.11 Sensitivity analysis of charging pile service rate
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cl02 | 434.17 99321 795,14 76535 375 [4] HOF J, SCHNEIDER M, GOEKE D. Solving the battery
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