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ABSTRACT: In view of the consumer order demand of multi-variety, high frequency, small batch, high timeliness and
high added value, the work aims to propose a whole cold chain joint pickup and distribution model based on road-rail
transportation with the help of self-developed and designed multi-temperature refrigerated container, and conduct empiri-
cal research on it. With the objective of minimizing the total cost, a whole joint pickup and distribution optimization
model of multi-temperature refrigerated container based on road-rail transportation was constructed and compared with
the multi-temperature joint distribution model of whole mechanical refrigerated vehicles. The genetic algorithm was used
to optimize the solution, and sensitivity analysis was carried out in terms of distribution time efficiency and high-speed
railway transportation price. Compared with the multi-temperature joint distribution model of whole mechanical refrige-

rated vehicles, the total cost of whole cold chain joint pickup distribution of multi-temperature refrigerated container based
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on road-rail transportation was reduced by 38%, with the cost of refrigeration, carbon emissions and time penalties being

particularly reduced. With the normal distribution time constraint as the reference, extending or shortening the time win-

dow, the time penalty costs was reduced by 61% to 83%. Compared with the railway freight prices, under the condition

that the high-speed rail freight prices would not rise by no more than 220%, the whole cold chain joint pickup and distri-

bution model of multi-temperature refrigerated container based on road-rail transportation was more advantageous in

terms of both economic and social benefits. The whole cold chain joint pickup and distribution model of mul-

ti-temperature refrigerated container based on road-rail transportation can reduce costs and increase efficiency, save

energy, reduce emissions for enterprises, and provide a new model of operation for transport entities to integrate idle

transport capacity.

KEY WORDS: cold chain logistics; road-rail transportation; multi-temperature refrigerated container; multi-temperature

joint pickup and distribution model
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Tab.1 Self pick-up site demand and service time window
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A1 22 23
dl 130 180 110 [5:30, 6:00, 8:00, 9:00] 0.22
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d3 40 80 60 [5:30, 6:00, 8:00, 8:30] 0.17
d4 180 160 50 [6:00, 6:30, 8:20, 9:00] 0.20
ds 120 40 50 [6:10, 6:40, 8:30, 10:00] 0.18
dé 140 100 90 [6:30, 7:00, 9:00, 10:20] 0.22
d7 100 150 160 [7:00, 7:20, 9:00, 9:30] 0.27
d8 90 40 150 [7:00, 7:30, 9:00, 10:00] 0.17
d9 120 180 170 [6:40, 7:00, 8:30, 9:30] 0.23
d1o 120 200 180 [6:30, 7:00, 9:00, 9:40] 0.25
dll 130 80 30 [7:00, 7:30, 9:30, 10:30] 0.17
d12 180 40 60 [7:00, 7:30, 9:00, 10:00] 0.17
d13 120 180 90 [7:00, 7:30, 9:30, 10:30] 0.20
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di15 140 120 160 [6:20, 6:50, 8:30, 9:30] 0.17
dle6 180 220 160 [6:40, 7:00, 8:40, 9:30] 0.25
d17 60 40 200 [6:40, 7:00, 8:40, 9:30] 0.18
d18 200 200 30 [7:00, 7:50, 9:00, 10:00] 0.22
d19 160 120 140 [6:00, 6:30, 8:30, 9:30] 0.23
d20 80 120 150 [7:00, 7:50, 9:00, 10:00] 0.25
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Tab.3 Comparison of whole cold chain joint pickup and distribution costs

X iz i A il Ve A BRHE A IS B 5 41 Bl A it
MODEL 1 8 662.749 26.40 51.822 862.4 9 603.371
MODEL 2 9 159.415 2246.503 1585.218 2445.6 15 436.736

F4 TEBEMRT 2AHEXNEBOEERRFR

Tab.4 Whole cold chain joint pickup and distribution information for both models with different delivery timescales

K BLik I 2R HpseRBoiUiioe AT SFEIECREISE /R AR H A
FEK 0.5 9390.897 665.067 5.027 10
M 0.25 h 9 490.897 765.067 5.027 10
MODEL 1 I 9 603.371 862.400 5.064 10
%% 0.25 h 9 697.624 952.600 5.065 10
%L 0.5 h 9 790.897 1 065.067 5.132 10
JEK 0.5 14 807.986 1787.867 9.536 6
M 0.25 h 14 886.486 1 983.067 9.389 6
MODEL 2 I 15 436.736 2 445.600 9.389 6
%% 0.25 h 16 552.006 3 538.200 9.516 6
4% 0.5 h 19.099.924 6161.733 9.350 6
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IR 2 R B 40, 2 PP H A o B i AR 1 52 3 1
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MODEL 1, H 75 Bt 2% B R 2 S 4508 2 0.5 h IR0 T,
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522 ETSH%IETNREBESH

HRAE 2018 AESLATHY Ak ZE [ 2017 ] 2163 it
L, 32 =340 14380 2as A B, BB e )
Bt 6 Tt E, FEMN 1ok 26 Joi, FHEM 2 R
0.138 JT/(t'km), Bk GHE R Eivizizh
BIECAE N 102,19, 15451 MODEL 1 AYE 2R IE R

s, W Ekis M E IS e Wi i i ik, BTz fr
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Xif FEAUAR V8 IR 48 B A8 i AR (7 269.536 JT ), =
BRI i AR ST A AL VA R TR 42 i A 2 ek
i PR 20%0, Sz i s S AU A e A 4 R
iz B AR, E ] Rk B 32 d AR ATH AR T WL X v
REBRA . MEgizh BVE 173%K0F, Hp A sk
32 B AR A AUV A G i A o X e ks i
IR ZE 220%H), MODEL 1 %5 A #8357 MODEL 2
A AAS o Y T B 1 I 4 = R R AN TR
HH BRI IE M 2T 13 440 JC, MBI TIEH
SEY /1 R e 1 ol N < L R ST S P 1) o NP & £ 1 ] I
YE ks B AT 220%6F, MODEL 1
MODEL 2 % HZ 3 M1 .

RS BHREMHBRETMAILL

Tab.5 Comparison of high-speed railway tariff sensitivity change

Y BA Hh V]38 B AL AR /9T Sz i S BC Ik LA /5T SURA/TT
IE#E M 2 669.94 9159.415 9 603.371
BN VR 20% 3203.928 9196.737 10 137.359
MODEL 1 RPHEE M LIF 173% 7288.936 13 281.745 14 222.367
B LIE 220% 8 543.808 14 536.617 15 477.239
(B Sy 13 440 19 432.809 20 373.431
MODEL2 EFEBYN 7269.536 9 159.415 15 436.736
6 Z5iE AT, BOCPARIFE SRR

EEXS Al m, AR R R
EAFRE R P T BA0K, 458 B BT A Z il E
VAR, PR T — PR B B T RIS B 2 TR E A
RS FEARICAYIE B R X LR UGS A 4
ZURILRCAE L, AL LLUB A B/ ME R FAR B A A
B o R B SRR A, THE Hh B LR AR B BUA
I3 591 BTRC 2 ] 280F s k3 i W 5 T R AT 2 v
Br o 2T BRIKIE 1Y 2230 35 Vo A e v R AR PO Ay
18 E AR, A Al ST RE R | FEAS
WA H s B 2R, 455 BT i 22 3K
iz, fENEh NI . A RS TR —
MBIz B TR B R A TR R A,
RBATRB R, 20 AR IR LB e it
B4R, 2005 v A A Il B BEASUA B8 A5 R A, TN
B 5t — 455 S bR 2 BB 755K, A B RO A
MZHGUR AR, 5835 2 10 & VA MO T Y s 52 40 A o
BEAh, FEVe BERBCOLIL R, BT 0 A I B A Hh
i 5 ) A B IS S 22— , AR SCAE i) 2o B 40 5
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