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Tab.1 Experimental parameter settings

Elie3 SRR B EYie3i SRR K
4 2 IR NN 50
€ 20 j%,ﬁ:m;g&jls)] 100
’ 1 (SCR 0.9
w, 0.35
S 0.7
(LB T w, 0. 99 T Y
X Ay 21 0.9
M AT 3/ (km « h D) 60
y [16]
R 3% 0 H 50 25 ST AR 10
BB G A EAER /(KW hekm™')  0.338 BE DL BR 1 5
i 2% o5, B 5 oK B i/ kg 5.0 45 ok, L 151 0.5

4.2 XWHERSHWH
4.2.1 #EEG5EERWIE S

o T PEAG AR A o A 1 S B O A SCE 1 Python 1 GUROBI 11. 0. 0 3K fi# EVRPTW /N5
B, I A 45 R S GA DL I GA-ALNS 25 Rb A7 b, i T 55 BB B /I i, B 8] 8 0 70 880 4 . 72 95N
T P BEHLEEBCR H TOU 19 38 H IR 55 a5, LAIZ T bn VR A ASE AL 14 A 31 S A v, DL 36 2. I8 B8 R 0 119 I KR 28
Fi a5k 200 kg, X F GUROBI R i #5 , % 8 e Kz 470 ]k 3 h, B 10 800 s, MK L5 SR W3 3. 55 1~4 5143
TR B AR TR RS SR (D) VB E SRR (OO MR AR (R) ;4 5~6 5 F /R GUROBI 3R 151
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Tab.2 Time-of-use in Suzhou

e LT LA/ PR 7 L A A/ e LT A/ PR TS AL A/
(JL+h" (Gt +hH (Jt+h"H Gt+h"H
0:00—8:00 36.15 173. 31 19:00—21:00 60. 66 311. 61
8:00—11:00 69. 85 243. 33 21:00—22:00 72.91 283. 60
11:00—13:00 82.10 248.58 22:00—24:00 36. 15 197. 82
13:00—19:00 79. 04 243. 33

4.2.2 EHEIMHEANIILESH

# 472 GAALNS 355 GA-ALNS TR R MBI b s a5 B BRI it S dn i W3k 2. R4 %8
2~5 B 433 Fe s 70 H IR 45 A B (D) BT A AR (O V4l L 2 8 (RO RN 42 B KRR i & (Z2) 358 6~ 7 %1
H GA B T4 40 337K 10 Uil v ) e D0 A AT 34 1 5 58 8 ~9 B11E ALNS Bk M s 1745 4 56 10 51 RR



32 FRIFHAFFRCEARR ¥ https://cqnuj. cqnu. edu. cn 43 %

ALNS BRI S GA BT 28 45 11~12 311 J& GA-ALNS WiE4745 545 13 711 32/8 GA-ALNS £
S GA bl p T 2248 . 7E A B 6 ,GA-ALNS AL 5 GA $% 5 iy &2 e i 0 4, A0 S 22 (8 19 S (8 R
25.57%, HAL T ALNS &k, K 2 J& 2 Mg A 285, B AR S X 22 E B A XKML EA
2 1 e A e 28 5 R e A AN 1) T 24

£3 MHENRE R

Tab.3 Comparison of small-scale test results

A GUROBI GA GA-ALNS
B D/ C/A R/GGW - b dmilfig/ o0 WER/s AR/ o0 WHE/s MEXS2E(E SRORAR/ O WEERL/s ARXS2E(H
rcl05C5 3 5 77.5 482. 90 3.75 448.55 3.36 7.11% 448.55  15.93  7.11%
r103C10 2 10 60. 63 423.64  294.87  340.27 2.94  19.68%  340.27 7.81  19.68%
r203C10 4 10 60. 63 887.97  347.58  576.57 2.81  35.07%  575.30 9.56  35.21%
c208C15 3 15 77.5 1731.42  576.54 1431.74 11.00 17.31%  1372.09 39.34  20.75%
rl02C15 7 15 60. 63 * * 856.91  16.44 - 812.30  71.09 -
rl07C20 6 20 60. 63 * * 461. 60 8. 82 — 392.79  20.36 —
A 881.48  305.68  685.94 7.56  19.79%  656.88  27.35  20.69%

TE " * "R GUROBI SR i &5 76 HLE B[] (3 h) IS AT R AZ B AT 17 4

R4 AHBEHEOLER

Tab.4 Results of large-scale instances

A GA ALNS GA-ALNS
. D/ C/ R/ z/  wAkifw/ FEfe/ R/ R MIXE EAUE/ PR/ A
0 A (kW h) kg 76 76 7o 7o 28 JG JG Al
cl03C25 6 25 79.69 200  826.76 1008.85 797.61  978.32  3.53% = 692.69  762.05 16.22%

r102C25 7 25 62. 14 200 943.26 1 105.63  923.65 998. 24 2.08% 900. 58 983. 68 4.52%
rc101C25 7 25 79. 69 200 1318.96 1543.22 1179.28 1295.39 10.59% 1110.27 1219.53 15.82%
c204C50 9 50 118.12 700 2 915.94 3 399.66 2468.61 2995.24 15.34% 2 006.28 2 500.94 31.20%
r107C50 10 50 62. 28 200 3030.16 3495.18 2212.84 2671.84 26.97% 1861.59 2214.00 38.56%
rc106C50 10 50 79. 69 200 4 851.33 5802.941 3419.60 3891.15 29.51% 3 340.67 3526.21 31.14%
c105C100 20 100 79. 69 200 26 587.17 28 763.51 17 493.39 19 104.22 34.20% 13 820.09 16 847.09 48.02%
r211C100 20 100 198.8 1000 7110.63 7 616.32 6 440.24 6665.31 9.43% 5676.10 5 965.92 20.17%

rc203C100 20 100 209.92 1000 10 529.42 11 345.72 8594.33 8 967.89 18.38% 7 949.98 8152.36 24.50%

SEH{E 6 457.07 7120.11 4836.62 5285.29 16.67% 4 150.92 4 685.75 25.57%
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Fig.2 Comparison of Fig. 3 Relative difference comparison between
relative gaps in average solutions of algorithms algorithms’ average and optimal solutions
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Fig.4 Comparison of relative difference in operating costs Fig.5 Comparison of total charging costs
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Comparison of vehicle travel costs
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Tab.5 Proportion of each cost component in operating costs

%18 TOU B 428025 JE A 15 38 8 B A Le 4]

R g TOU B 45 2N 5 18 B A L 1

B ATHORA  FEHBNRA A s ] 4 57 ATHORA TR EBRA NS s ] 4 57
N4 L RAS i BUAS L L L A BCAS L
¢103C50 56. 80 % 1.32% 7.72% 34.16% 61.75% 7.31% 6.64% 24. 24 %
r211C50 74.55% 6. 46 % 15.85% 3.14% 73.14% 9.10% 13.07% 4.70%
rc107C50 46.58% 6.73% 0.62% 46.07% 45.80% 9.50% 0.62% 44.08%
c101C75 39.83% 8.77% 10.15% 41.25% 38.04% 6.19% 8.44% 47.32%
r110C75 58.95% 8.16% 1.33% 31.56% 58.63% 8.59% 1.44% 31.34%
rcl01C75 50.90% 3.96% 2.04% 43.11% 49.13% 8.58% 1.64% 40. 65 %
c102C100 46.63% 8.41% 10. 38% 34.57% 49. 06 % 9.26% 9.37% 32.32%
¢104C100 72.79% 8.09% 9.90% 9.22% 74.57% 6.58% 10.40% 8.45%
c205C100 38.49% 8.11% 34.20% 19.20% 35.85% 6.87% 36.56% 20.72%
r103C100 65.83% 0.00% 2.69% 31.48% 65.63% 1.64% 2.78% 29.95%
r201C100 53.34% 8.32% 20.71% 17.63% 52.50% 10. 38 % 16.99% 20.14%
r209C100 66.16% 7.49% 21.37% 4.98% 62.05% 5.04% 19.60% 13.31%
rc106C100 56.80% 7.62% 1.39% 34.18% 55.16% 7.76% 1.55% 35.52%
rc108C100 62.71% 8.73% 0.83% 27.73% 62.49% 10. 65% 0.74% 26.12%
rc203C100 63.38% 11.44% 15.61% 9.57% 66. 44 % 10.78% 15.57% 7.21%
S L 56.92% 6.91% 10.32% 25.86% 56.68% 7.89% 9.69% 25.74%
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Fig. 9 Comparison of costs for different charging modes

Fig. 10 Comparison of charging frequency for

different charging modes
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Research on Distribution Route Optimization Problem for Electric Logistics Vehicles Considering

Peak-Valley Time-of-Use Electricity Price

DENG Xilong., LIU Yadong
(School of Economics and Management, Lanzhou University of Technology. Lanzhou 730050, China)

Abstract: The introduction of the peak-valley time-of-use (TOU) electricity price policy creates opportunities to further optimize
delivery routes and charging strategies for logistics distribution services using electric vehicles. Accordingly, based on the TOU
policy, this paper constructs an integer programming mathematical model with comprehensive cost objectives for the electric vehicle
distribution route optimization problem with soft time windows in logistics. A genetic algorithm-adaptive large neighborhood search
(GA-ALNS) is designed to solve the above problem. Numerical examples of different scales verify the effectiveness and applicability
of the proposed algorithm. The impacts of the TOU policy on operational strategies are compared and analyzed from multiple
perspectives, including operating costs, charging costs, charging schemes, and electricity prices in different cities. Model
calculations and case analyses draw the following conclusions: GA-ALNS is more effective in solving the soft time window electric
vehicle routing optimization problem under the TOU policy. The computational results reveal that the TOU policy expands the
optional range of vehicle charging strategies as the number of customer nodes rises, effectively reducing the total operating cost. On
the basis of these findings, several heuristic recommendations are put forward to provide theoretical support for logistics enterprises
to make operational decisions for cost reduction.

Keywords: peak-valley time-of-use electricity price; electric vehicle; charging strategy; adaptive large neighborhood search

algorithm; soft time windows
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