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Abstract

Aiming at the problems of high carbon emission and total costin the location and route optimization
of the logistics center of rail-road intermodal transportation, from the perspective of low carbon,
the site selection model and distribution route optimization model of rail-road intermodal logistics
center are constructed respectively. The former includes rail-road intermodal transportation cost
and carbon emission cost, railway logistics center cost and carbon emission cost and other related
costs; the latter includes road transportation cost and carbon emission cost, logistics center depar-
ture cost and time window penalty cost. Then, the two are organically integrated using a two-tier
programming model. Finally, it is solved by a hybrid algorithm. The results of relevant case studies
show that; The non-integrated model should choose B2 (Kunshan Station), B5 (Qishuyan Station)
and B9 (Longtan Station) as the railway logistics center to serve the surrounding customers, and
send 10 vehicles to complete the distribution task; The integrated model should choose B3 (Suzhou
West Station), B5 (Qishuyan Station) and B10 (Xingweicun Station) to build the railway logistics
center to serve the surrounding customers, and send 9 vehicles to complete the distribution task.
On the other hand, the cost-saving rate of integrated model compared with the total cost of non-
integrated model is 4.20%, and the cost-saving rate of carbon emission cost is 5.49%. In the carbon
emission cost, the road transport carbon emission cost accounts for the largest proportion. There-
fore, under the background of the country’s vigorous development of green and low-carbon, the
road transport process should be optimized as much as possible, so as to achieve the purpose of
reducing carbon emissions.
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Figure 1. Schematic diagram of the location of the low-carbon intermodal railroad logistics center
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Figure 2. Topology of low-carbon public-rail transportation distribution path optimization
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Figure 3. Hard time window vs. time window penalty cost relationship
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Figure 5. Hybrid time window vs. time window penalty cost relationship
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Figure 6. Schematic flow of multiple swarm genetic—taboo hybrid algorithm
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Figure 7. Alternative railway logistics center and customer location map
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Table 1. Data related to carbon emission fees
= 1. BeHER RS BR

T H 2 xof .2 4 Hudf
TRBIBLER a 0.076 ¥/kg
BRI IS A B HE S Us 0.0077 kg/(t-km)
NS il e 9 G 0s 0.1691 kg/(t-km)
FHL B8 AR HE AR 7 o 0.8959 t-CO2/kg

REVRHEN 275 R AR SCLLSE I N B, T EAFESEM A T RO A FAR . A VE B i AR S AR
HAABUE I 2 PR

Table 2. Energy carbon emission reference factors
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KR 4 5iath, HA 1 9.3, FEA) 2 v 0.0434 ¥/(t-km) [18];
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Figure 8. Non-integrated siting scheme connection diagram
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Figure 9. Non-integrated path optimized connection diagram
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Table 3. Data related to road distribution routes

= 3. NBEEBEEXEE

B VA B R BRI R 0 126 )15 M55 7 4
1 B2 (E k) 3 20 2 3 21 5
2 B2 (E k) 5 35 29 6 4 5
3 B2 (E k) 30 16 33 1 32 5
4 B5 (JLEZIE ) 28 8 45 43 17 26 27 7
5 B5 (B ELIEN) 15 10 40 3
6 B5 (LI N) 9 22 18 7 13 5
7 B9 (JRiE k) 24 31 39 46 4
8 B9 (JRiE k) 19 12 14 42 4
9 B9 (JRiE k) 38 23 34 41 25 5
10 B9 (JuiH k) 44 11 37 3
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Figure 10. Integrated siting program connection diagram
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Figure 11. Integration path optimization connection diagram
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Table 4. Data related to road distribution routes

=4 NBEEBEEXHE

2L VA 2k s it O e 6 5 P JIR 55 % P 4
1 B3 (5 k) 30 16 33 1 32 5

2 B3 (/M P 3ik) 3 20 2 3 21

3 B3 (5 k) 5 3 29 6 4 5

4 B5 (B B HE ) 27 26 17 43 45 8 28 7

5 B5 (AL Y) 9 7 18 22 40 13 6

6 B5 (B B HE ) 10 15 2

7 B10 (3% P AJuk) 34 41 37 46 39 31 24 7

8 B10 (3% TA3k) 25 44 11 23 38 5

9 B10 (3 A k) 42 14 12 19 4
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Table 5. Comparison of non-integrated and integrated total cost of ownership

5% 5. IFERMERDBATTEER

UTRE) B I A HERe AEEROT RETE R
1 R Bk i ik 380 K B A o BB i A 1462.15 1402.44 —4.26%
2 N R v B e B A 3T R O R B B S SRR TR AR 56.75 54.02 —5.05%
3 BREE VIR O U LA 5589.5 5286.76 —5.73%
4 BRES VIR 018 8 AR 994.42 1093.38 9.05%
5 BRI PO BRSO AR 412.55 439.05 6.04%
6 2 BRI A 8331.02 9289.24 10.32%
7 A BR IR TR BUR A 500.68 539.33 7.17%
8 BRER IR 0 R ZE A 2700 3000 10.00%
9 O\ B TCIA N 8] 7 7 51 A 744.23 767.59 3.04%
— RUBA 22348.85  23328.27 4.20%

WG 5 A FGAE AR AR L S R AT 4.20% 0 2 . JRIRZE T ARSE AL SRR N B
BORME, ERAERELE A RE TR, IR H AR R EOR B A SR R H AR B8 HOR H R A %
BRo TR AUR R ZONIRERM, LENTR AR, EASHRNBIF#. K, ARRECER
AT R, N 10.32%, JRBEAE T XUZ MURIEE ARLR A, 38 I B0 E N 5 B A s bk
BT BRI, A BECIE AR S BREMECIE RN AR, BERn SO R, Bk, 2
PRACIE A IR . B, BRI BB IR b O U AR —5.73% 03X 52 PR O AR AT A R R sk ik
AN, TR eI R A B A S, DI, BRERITR PO U A G N R 6 DUARERRATER
BRI HESE R

Table 6. Non-integrated and integrated siting results
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Table 7. Comparison of non-integrated and integrated carbon costs
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