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Joint Distribution-Inventory Optimization and Simulation for Cold Chain Logistics
Considering Order Substitution

Abstract

Abstract: The most important purpose of cold chain logistics is to ensure product freshness, and how to
reduce the cost of order distribution on this basis is an urgent problem for cold chain companies. For
consumers, product quality and food safety are their main needs. Therefore, by taking the distribution
center as the research object, the products were divided into different grades according to the initial
freshness of the products before distribution, and the overall freshness of the products was improved by
adopting the grade upward substitution mode for orders that do not meet the delivery requirements so
that customers can obtain products with better quality as much as possible and get their needs met. At
the same time, a two-layer planning model was established based on minimum freshness, inventory, and
other constraints to jointly optimize the distribution and inventory allocation problems. The upper layer
model determines the order distribution and inventory allocation scheme with the goal of minimizing the
sum of transportation costs, cargo loss costs, and other cost. The lower model determines the order that
needs to be replaced and the product grade that needs to be replaced with the goal of minimizing order
substitution costs. An improved adaptive genetic algorithm and a cplex solver were used to solve the
upper and lower model respectively. The solved distribution scheme was verified by a simulation model
that simulated road congestion and re-added to the double-layer model for planning. The solution shows
that order substitution can effectively reduce the operating costs of enterprises and obtain more realistic
order distribution and inventory allocation schemes.
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model determines the order distribution and inventory allocation scheme with the goal of minimizing the

sum of transportation costs, cargo loss costs, and other cost. The lower model determines the order that

needs to be replaced and the product grade that needs to be replaced with the goal of minimizing order

substitution costs. An improved adaptive genetic algorithm and a cplex solver were used to solve the

upper and lower model respectively. The solved distribution scheme was verified by a simulation model

that simulated road congestion and re-added to the double-layer model for planning. The solution shows

that order substitution can effectively reduce the operating costs of enterprises and obtain more realistic

order distribution and inventory allocation schemes.

Keywords: inventory route optimization; freshness; order substitution; road congestion; cold chain
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Table 4 Inventory information of distribution center
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Table 5 Order information of customers

it R i AR km & R/ 7= il i SR AR ) GLHS A] /min
0 (105,105)
1 (123,147) [1.2,1,1.3] [3,3.2] [12,10,13]
2 (105,51) [2,1.5,1.2] [3,2,3] [20,15,12]
3 (145,135) [1.3,1.4,1.6] [1-3] [13-14,16]
4 (165,61) [1.7,1.3,1.7] [2,3,1] [17,13,17]
5 (46,90) [1.5,1.9,1.4] [2,1,2] [15,19,14]
6 (74,90) [1.3,1.8,1.7] [3,3.2] [13,18,17]
7 (61,150) [1.6,1.4,1.8] [1,1,2] [16,14,18]
8 (30,129) [1.8,1.3,1.3] [2,3,3] [18,13,13]
9 (166,180) [1.7,2,1.5] [1,2,1] [17,20,15]
10 (90,179) [1.9,1.5,1.8] [1,3,1] [19,15,18]
11 (60,195) [1.5,1.4,1.6] [3,3.2] [15,12,16]
12 (15,105) [1.2,1.4,2] [3,3.2] [12,14,20]
13 (90,75) [1.6,1.9,1.6] [2,3,3] [16,19-20]
14 (45,30) [1.9,1.3,1.7] [1,2,1] [19,13,17]
15 (90,15) [1.6,1.7,1.4] [2,1,2] [16,17,14]
16 (30,60) [1.4,1.4,1.8] [3,1,3] [14,14,18]
17 (15,90) [1.4,1.2,1.6] [1,2,1] [14,12,16]
18 (60,120) [1.5,1.6,1.5] [3,1,3] [15,16,15]
19 (45,180) [1.2,1.5,1.3] [2,2,1] [12,15,13]
20 (135,195) [1.8,1.4,1.6] [3,2,3] [18,14,16]
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Table 6 Values for parameters related to refrigerated trucks
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ZH A S A
v/(km/h) 90 N/(Rev/s) 36.67
P. 5~7 dJL 45
n 0.45 S/m? 10.5
pl(kg/m’) 1.204 1 S,/m? 4.1
C, 0.6 d, 0.25~1.5
C 0.01 h/(KJ/g) 44
S, /m? 4.032 p/(TE/L) 75
y 1 pJ(75/h) 30
f/(KJ/Rev/L) 0.2
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Table 8 Results of simulation model
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Table 9  Order distribution plan for each vehicle in the first
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Table 7 Iterative results of two-layer model

period
L Bk B oK

g BRI/ C Wi rE R

1 3 0-5-17-16-14-0  0-19-11-0

2 3 0-6-13-2-15-0  0-12-4-0

3 3 0-18-8-7-19-0

4 3 0-1-20-10-11-0

5 3 0-3-9-12-4-0

R0 5 A WIS AR AT A T
Table 10  Order distribution plan for each vehicle in the
second period

Ul G St/ QR Rt/ " F—IK HR
i i R R FWRE BRI e mirk
BRI A/ I 142386 135068 124 626 1 3 0-2-15-13-6-0 0-11-0
TR AR T 8 637 3975 0 ) 3 0-5-17-16-14-0
| EBAT B R /% 33.3 10 3 3 0-18-8-19-11-0
S8 g% N 151023 139043 124 626 4 3 0-7-10-20-9-0
5 3 0-3-12-1-4-0
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Table 11  Order distribution plan for each vehicle in the third

period

N E— B
TS BRI/ C - .
1 3 0-6-13-2-15-0 0-8-16-0

2 3 0-7-18-8-19-0

3 3 0-5-17-14-16-0

4 3 0-1-10-11-20-0

5 3 0-12-4-3-9-0
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Table 12 Stowage information of each vehicle and order

allocation in the first period
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Table 13 Stowage information of each vehicle and order
allocation in the second period

hi's sy o i S E | 5 ;
1 33 2 05:51 0.3 1.2 0

2 3.6 15 06:34 1.7 0 0
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6 08:07 0.6 1.2 0

1 32 5 07:01 1.9 0 0
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14 08:47 0 1.3 0
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2 2.9 8 09:21 0 1 0.3
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11 10:40 0.6 0.8 0
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0
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11 12:01 0 1.5 0
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4 13:08 0 1.4 0
1 0.2 19 1426 0.2 1 0
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3 1
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Table 14 Stowage information of each vehicle and order
allocation in the third period
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Fig. 10 Relationship between vehicle capacity and cost
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