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Abstract: Objective In response to the current demand for green logistics and the need to reduce energy consumption
costs and carbon emissions costs, this paper proposed a study on the optimization of vehicle routing in a mixed vehicle fleet
under low-carbon goals and explored logistics transportation solutions for mixed fleets. Considering the differences in
mileage, energy consumption, and carbon emissions between the mixed fleet and the fuel-fired fleet or the electric vehicle
fleet, an optimization model was constructed to minimize fixed costs, travel costs, energy consumption costs, and carbon
emissions costs. Methods In this study, the particle swarm optimization algorithm was employed in conjunction with the
Metropolis criterion to improve algorithm efficiency. Multiple sets of experiments were designed to analyze and compare the
differences in driving mileage, energy consumption, and carbon emissions between the mixed vehicle fleet and a single
vehicle type fleet. Results The results demonstrated that the mixed vehicle fleet had significant advantages in reducing
carbon emissions, carbon emissions costs, and operating costs. The mixed vehicle fleet effectively reduced energy
consumption and carbon emissions, leading to a 12% decrease in total costs compared with traditional fuel vehicle fleets.
Finally, this study conducted a sensitivity analysis on the impact of gradually increasing the maximum load and charging
rate of electric vehicles on various costs of the mixed fleet. Conclusion The analysis indicates that appropriately
increasing the vehicle load and charging rate of electric vehicles can effectively reduce the operating costs of the fleet. The

research results help logistics enterprises consider energy consumption costs and carbon emission costs and provide a
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theoretical basis for relevant logistics enterprises to develop reasonable transportation plans.

Keywords: low carbon logistics; mixed fleet; electric vehicles; vehicle path optimization
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Table 1 Information of each node

A R FRE OAWAEG AWNRAE REEHK

ETRER

1D
AR FR /kg /min /min /min
0 56 56 0 0 1 440 20
1 66 78 204 420 720 20
2 56 27 207 720 1020 20
3 88 72 162 840 1020 20
4 50 38 283 840 1 140 20
5 32 80 199 0 1 440 20
6 16 69 276 420 840 20
7 88 96 189 720 1 020 20
8 48 96 213 420 720 20
9 32 104 165 840 1020 20
10 68 48 228 840 1 140 20
11 24 16 276 420 720 20
12 16 32 210 420 1 020 20
13 8 48 261 420 1020 20
14 32 64 195 0 1 440 20
15 24 48 228 840 1320 20
16 72 64 213 420 720 20
17 72 96 243 420 720 20
20 83 45 207 840 1 320 20
21 40 80 0 0 1 440 0
22 40 35 0 0 1 440 0
23 69 63 0 0 1 440 0
24 67 19 0 0 1 440 0
25 26 54 0 0 1 440 0
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Table 2 Mixed fleet optimization results
L] fit. 1% 38 12 2 A2/km B A/ T Wk i 3 / 7T BEHEA I/ T 2/ BRA/T
CV, 0-2-9-7-14-13-12-0 200. 97 200 226. 09 9.33 — 4,454.82
CV,  0-4-8-19-21-20-16-0 259.29 200 291.70 12.04 — 5,689. 54
EV, 0-3-15-6-22-10-0 176. 07 500 — — 35.21 2,295.91
EV, 0-5-11-0 53.99 500 — — 10. 80 1,050. 70
EV, 0-18-17-0 92.97 500 — — 18.59 1,448.29
Xt — 783.29 1900 69. 04 21.37 64. 61 14,939.27
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Table 3 Comparison of optimization results of three fleets
(A FimE/H BRRA/L AEAE/km BHEEAE/kg BEBURA/ T BRBRARA/TL ERA/T
[SSi=EEAIN 4 800 764. 50 355.03 35.50 860. 06 16 985. 57
BHAEEA 7 3 500 1 086. 80 — — 217.26 14 585.36
A FTA 5 1 900 783.29 213.74 21.37 582.40 14 939.27

x4 AEABRHBERENREEENMNEELER
Table 4 Distribution results of the mixed fleet with different
battery capacity configurations

Wil EEHC 4T3 B B R

£F OmHl ER KF AR AA ?f“f
/W /(C:E) /km /kg /R /A

100 3:2 78329 213.24 2132 582.4 14939.27
120 2:3  789.28 19297 19.30 542.212 14 509.51
140 2:3  749.97 166.74 16.67 482115 13489.01
160 2:3 7397 13819 13.82 423.19 12709.71
180 2:3 68622 137.48 13.75 4IL11 12147.76
200 2:3 692.81 122.21 12.22  381.98 11 853.80
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Fig.1 Sensitivity analysis of vehicle loads
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