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Abstract: In order to solve the cold chain problem of multi-temperature joint delivery with multi-vehicle and
multi-cargo, this paper, introducing the temporal-spatial distance metric into initial paths construction, pro-
poses a carbon emission calculation method of cold chain’s multi-temperature vehicle from the perspective of
vehicle energy consumption. Then, an optimization model of cold chain delivery routes considering carbon
emission and temporal-spatial distance is built, and a two-phase heuristic algorithm is constructed to solve it.
The heuristic algorithm chooses appropriate vehicles delivering in accordance with the proximity policy based
on the clustering idea of k-means. An improved simulated annealing algorithm, which increases the memory
function, designs the adaptive cooling mode, and adds a multi-neighborhood operation into traditional simulat-
ed annealing algorithms, is proposed to optimize initial paths. Finally, the results of examples demonstrate the
validity of the algorithm.
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Table 1 Common heat transfer coefficient
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Table 3  Subdivision parameters of cold chain vehicles
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Table 4 Other parameters of cold chain vehicles
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Table 5 Comparison of the calculated results before and after considering temporal-spatial distance
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R1(20) 8 2028 1000 9 1995 1 000 1.63
R2(40) 12 2872 1000 9 2 499 1 000 12.99
R3(60) 14 4010 1000 10 2930 1 000 26.93
R4(80) 11 5733 1000 7 4326 1000 24.54
R5(100) 12 8092 1 000 9 5067 1 000 37.38
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Fig. 1 Comparison of the iteration results before and after considering temporal-spatial distance
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Table 6 Comparison of the calculated results between variable neighborhood search algorithm

A AR B A RELIR K B j
i - i - FRRELIRD (7 43 b
ﬁ Wk AREEE Wk AR B i

R1(20) 10 2092 9 1995 4.63
R2(40) 10 2709 9 2 499 7.75
R3(60) 11 4028 10 2930 27.26
R4(80) 10 5390 7 4326 19.74
R5(100) 11 7 588 9 5067 33.22
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Table 7 Robust experiment of improved simulated annealing algorithm

HEKT 1 2 3 4 5 6 7 8 9 10 iy
SEE AR (D) 5074 4738 4902 5073 4939 4877 5006 4802 4766 4913 4909
WRHEG TR A GE) 1984 1685 1725 1725 1692 1932 1793 1690 1735 1877 17838

It 7€ AR () 1390 1450 1350 1320 1350 1480 1390 1520 1350 1420 1402
SR H] AR () 182 170 251 141 215 201 213 103 150 222 1848
IR B ] AR () 1518 1433 1576 1887 1682 1264 1610 1489 1531 1394 15384
TERELC) 10 10 9 9 9 10 10 11 9 10 10
THE R (s) 120 127 97 85 160 169 152 132 164 161 136.7
FHRTRT DU Y, SR FH I 25 2R R 1 et A U0 K VR AE 10 SR ik A2 Hh e 1) Joa B AR w5, L LI R4

(9T B9 4 909 7€, U A He 35.3%, T 35008 FFL AN 1047, D HEAY0.00%. S5 31 Fl b (876 B0 T3
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