
Volume 2 Issue 3, 2021 

DOI: 10.6981/FEM.202103_2(3).0014 

104 

Frontiers in Economics and Management 

ISSN: 2692-7608 

Analysis of the Impact of Underground Logistics System on Port 
Collection and Distribution based on Low-carbon Perspective 

Wang Shuo, Daofang Chang 

Shanghai Maritime University, Shanghai, China. 

Abstract 

In view of the environmental pollution, traffic congestion and other problems caused by 
the traditional mode of collecting and distributing highway freight, low-carbon 
emissions and innovative modes of transportation are considered to alleviate the above 
problems. Therefore, this paper puts forward a new mode of port collection and 
distribution of sustainable development - based on the underground logistics system In 
this paper, the model of container inland transportation network optimization with the 
goal of minimizing the total cost of container inland transportation considering ULS is 
established and solved by genetic algorithm. This paper discusses the influence of ULS 
on the carbon emission in the port collection and distribution system through examples. 
The research results show that the inland container collection and distribution network 
based on ULS plays an important role in ensuring efficient transportation of goods, 
reducing carbon emission and reducing transportation costs. 
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1. Introduction 

In recent years, the rapid development of ports has promoted the rapid increase of port cargo 
throughput, but also caused a series of problems such as environmental pollution and traffic 
congestion. Faced with these urgent problems, Machado [1] proposed a new transportation 
method, the Underground Logistics System (ULS), to share the original freight volume of road 
transportation, thereby reducing fuel consumption caused by the increase in freight. , Noise, 
pollution and traffic accidents. Up to now, scholars' research on ULS has been mainly carried 
out from two aspects: qualitative and quantitative. Sexual research is mainly considered from 
ULS-related infrastructure: Vernimmen et al. [2] proposed that ULS is a dedicated underground 
railway transportation system that uses tunnels or pipelines to transport goods. O'Connell et al. 
[3] proposed that ULS can be used as a form of urban underground transportation, and there 
are two main types: pipe type and tunnel type. The pipeline-based underground logistics 
system includes pneumatic, mud and capsule types. Mveller and Sgouridis [4] proposed that 
tunnel-based underground logistics systems usually use automated, guided, and electrically 
propelled vehicles. Heijde et al. [5] proposed that although AGVs are not specifically used for 
underground freight, ULS designers can use AGVs on the selection of ULS vehicles and made 
some demonstrations on the application of AGV systems in ULS. Most of these studies come 
from experience and lack strong numerical experiments.Quantitative research mainly 
considers cost, policy, etc.: Rezaeifer et al. [6] established a mathematical model from an 
integration point of view to optimize the cost after the completion of ULS. Tabesh [7] 
established a path optimization model, studied the choice of ULS transportation routes and the 
choice of stations, and analyzed the impact of ULS on the environment after its completion. 
Janba [8] pointed out the relevant policy support for the construction of ULS, and conducted a 
quantitative analysis of the financial feasibility and the feasibility of public policy issues. Li Tong 
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and Wang Zhongtuo [9] proposed the construction of ULS to solve the traffic congestion 
problem in traditional logistics network, using simulation value growth algorithm to obtain the 
optimal layout of urban underground logistics network. Yicun Che et al. [10] established a 
multi-objective planning model for the impact of ULS on transportation, freight, environment 
and related issues, and conducted a quantitative analysis. They found that ULS has obvious 
advantages when used to supplement the traditional transportation system, especially in 
Emission reduction work is on this agenda. However, in the existing research, few scholars 
combine ULS and "carbon emission reduction" to conduct quantitative analysis and discuss the 
impact of ULS on energy conservation and emission reduction. 

In recent years, China has contributed its own efforts in "energy saving and emission reduction", 
and the research of related scholars has achieved certain results. Zhu Yandi [11] analyzed the 
impact of the establishment of my country's carbon trading system on the price of carbon 
trading in enterprises and in China. Li Yanmei [12] and others constructed a decomposition 
analysis model of carbon emission factors. By solving the analysis model, it was proposed that 
the main reason for the increase in carbon emissions was the increase in economic aggregate 
and the adjustment of industrial structure, and the only way to reduce pollutant emissions was 
to reduce carbon. emission. Li Na [13] set up a road transportation carbon trading system from 
the perspective of road transportation energy consumption and carbon emissions from the 
background of low-carbon economy, and analyzed its necessity. 

There are literatures on underground logistics systems that are still in theoretical exploration, 
mainly at the level of underground logistics network design and network node site selection. 
There are few studies on the impact of the introduction of underground container logistics 
systems on transportation, freight, environment and related issues. That is, few have taken 
underground container logistics systems into account in the existing port container inland 
transportation network, and even fewer have carbon emissions. Factors take into account the 
cost of the port container inland transportation network including ULS. The underground 
container logistics system introduced in this article will be connected with the port collection 
and distribution network to form a port collection and distribution network including ULS. 
Therefore, this article focuses on the impact of the introduction of underground container 
logistics systems on the container transportation network. 

2. Problem Description 

2.1. ULS port collection and distribution network description  

In 2017, Shanghai's annual external transportation volume was 1.16 billion tons, of which, the 
annual port cargo throughput was 751 million tons, accounting for 64.74% of the total 
throughput, the annual highway freight volume was 397 million tons, and the railway freight 
volume was 11.81 million tons. Shanghai Port is the largest container shipping port in China, 
with three container port areas: Wusongkou, Waigaoqiao and Yangshan. According to statistics, 
as an important part of Shanghai Port, Waigaoqiao Port Area accounts for about 50% of 
Shanghai Port's container throughput. In the collection and distribution of containers, road 
collection and distribution accounted for about 56.27%, water and water transshipment 
accounted for about 43.5%, and railway collection and distribution accounted for about 0.23%. 
Waigaoqiao regional highway distribution channels are mainly composed of S20, Yanggao 
North Road, Huadong Road, Zhouhai Road, Gangcheng Road-Changjiang West Road-Jiangyang 
North Road, etc. The intensive traffic in the Waigaoqiao Port area not only causes the outer ring 
tunnel, the outer ring expressway and the northeastern section of the ring expressway to be 
congested all the year round, it also produces a large amount of exhaust gas and causes serious 
pollution to the environment. According to research, the carbon emissions per million ton-
kilometer of road transportation are 4.4 times that of railways and 3.9 times that of water 
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transportation. The transportation structure of Shanghai Port is unbalanced and the proportion 
of road transportation is relatively large, causing serious environmental pollution and energy 
consumption. This puts pressure on Shanghai's "energy saving and emission reduction" work. 

 

 
Figure 1. Shanghai collection and distribution network traffic diagram 

 

The above research found that the existing road network of the Waigaoqiao-Jiading line is a 
bottleneck and cannot support the future increase in container freight volume. Therefore, ULS 
can be constructed to reduce traffic congestion and increase the capacity and efficiency of port 
container transportation, while reducing air pollution and improving the port area 
environment. In addition, underground space is a resource that has not been fully exploited and 
can reduce container trucks. Traffic accident. Therefore, this article proposes to introduce an 
underground logistics system to optimize the container transportation network. The 
underground logistics system consists of the Jiading freight comprehensive hub, the 
underground logistics channel and the rear logistics hub of the Waigaoqiao port area. The 
Waijik truck transports the container to the Jiading Freight Comprehensive Hub by road 
transportation, and then the container is transported to the entrance of the underground 
logistics channel via the yard bridge and the inner truck, and then transported by the AGV 
trolley to the Waigaoqiao Wharf. Containers that were originally distributed by roads were 
attracted to be transported through the underground logistics system, which changed the 
traffic flow status of the container transportation network. Containers were transported more 
concentratedly through underground logistics channels to reduce the pressure on road 
transportation. Abstract the introduced underground logistics system into an underground 
logistics channel and combine the original road transportation network to form a new 
container transportation network as the object of this article. 

Due to the demand for the volume of goods between the origin of the goods in the 
transportation network and the destination, the OD pair of the transportation network is 
formed. We need to study and consider the optimization of ULS's container port collection and 
distribution. The first thing to do is to study how to reasonably arrange the demand for these 
cargo volumes, that is, the flow, on the transportation route to meet certain transportation 
needs. 
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2.2. Analysis on Transport Cost of ULS Port Collection and Distribution 
Network  

The cost considered in this paper includes the cost of carbon emissions and the cost of 
container-related transportation. 

2.2.1. Carbon cost 

Generally speaking, the environmental cost of carbon emissions = carbon emissions * carbon 
tax rate. 

1) The calculation formula for carbon emissions is: 

M: The amount of carbon dioxide emitted into the atmosphere by transporting 1 ton of cargo 1 
km 

A: The amount of energy needed to transport 1 ton of cargo per kilometer; 

F: The amount of carbon dioxide emitted per unit of energy consumed, that is, the carbon 
emission factor. 

2) Carbon tax rate 

According to the "Carbon Tax" study by the Ministry of Finance, in order to reduce the impact 
of the implementation of the carbon tax on the economy and reduce the burden on taxpayers, 
my country will impose a low-tax level carbon tax in the near future, about 10-20 yuan/ton, and 
will gradually increase carbon in the future. The tax level may reach 70-80 yuan/ton. 

2.2.2. Container transportation related costs 

For container road transportation costs, taking into account the cost of carbon dioxide 
emissions, the road transportation cost calculation method is as follows: 

𝐻𝑇𝐶𝑇 = 𝑁 × 𝐻𝐶 × 𝐿1 + 𝑁 × 𝐿1 × 𝑄𝐻 × 𝑆 + 𝑉1                                           (1) 

Underground container transportation costs: 

𝑈𝑇𝐶𝑇 = 𝑁 × 𝑈𝐶 × 𝐿2 + 𝑁 × 𝐿2 × 𝑄𝑈 × 𝑆 + 𝑉2                                           (2) 

 

Table 1. Three Scheme comparing 
Parameters Representative meaning Unit 

𝐻𝑇𝐶𝑇  Road transportation cost Hundred yuan 
𝑈𝑇𝐶𝑇  Underground container transportation cost Hundred yuan 

𝑁 Billing container volume Box 

𝐻𝐶  Basic freight rate of container heavy container road transportation 
Yuan/box 
kilometer 

𝑈𝐶  Basic freight rate for underground transportation of heavy containers 
Yuan/box 
kilometer 

𝐿1 Container road transport distance Kilometer 
𝐿2 Underground container transportation distance Kilometer 
𝑉1 Variable costs in the process of container road transportation -- 
𝑉2 Variable costs in the process of underground container transportation -- 

𝑄𝑇  
The amount of carbon emitted into the air from 1 container of cargo 

per kilometer by road 
Kilogram 

 

2.2.3. Cost of inland container transfer station 

Regarding the reloading costs of container transfer stations, the reloading costs of container 
transfer stations are related to the reloading time, reloading rates, and reloading fixed costs. 
According to the relationship, the expression of the replacement cost of the container transfer 
station is obtained: 

                                                                     (3) 

𝑥: Changing time 

CI a x b=  +
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𝑎: Replacement rate at the transfer station 

𝑏: Fixed cost for reinstallation at transfer station 

3. Model building 

3.1. Basic assumptions 

Taking into account the needs of ULS's port inland collection and distribution service network 
optimization model from a low-carbon perspective, the following assumptions are made: 

(1) Each parameter is determined and known; 

(2) The transportation of containerized goods involved in this article only considers standard 
containers. 

(3) All modes of transportation are in good condition. 

(4) All underground UGVs have a constant speed during transportation 

(5) Only the cost of carbon emissions during transportation is calculated, and the cost of carbon 
emissions in ports and container transfer stations is not considered. 

3.2. Parameters and decision variables 

The corresponding symbols encountered in the model are represented as follows: 

 

Table 2. Symbols in the model 
Parameters Representative meaning 

G(N,A) Networked container port collection and distribution system 
N A collection of nodes in the network, n is one of the nodes, there are 𝑛 ∈ 𝑁 
A The set of arcs in the network, is one of the arcs, there are a A  
𝑥𝑎 Cargo flow on arc 
O The set of starting points of OD pairs in the transmission network, o is one of the starting points 

𝑞𝑜𝑑 Freight volume between starting point o and key point d 
W The container transfer station in the transportation network, w is one of the transfer stations 

𝐷𝑤 
The maximum cargo flow that the container transfer station w can handle, of which 𝑂 ∪ 𝑊 ∪

𝐷 = 𝑁 
H A collection of means of transport, h represents one of the means of transport 

𝑄ℎ
𝑛  

The number of transportation vehicles h that can be used by node n in the transportation 
network 

𝑉ℎ  Average operating time of transport h 
𝐿ℎ  Average carrying capacity of transport vehicle h 

B 
A collection of multimodal transport modes available in the network, b is one of the intermodal 

transport modes 
𝐴𝑏 Use intermodal b transportation route collection 
𝑏1 Truck-transfer station-truck intermodal transportation 
𝑏2 Train-transit station-train intermodal transportation 
𝑏3 Truck-transfer station-train intermodal transportation 
𝑏4 Train-transit station-truck intermodal transportation 
𝑏5 Underground ULV-transit station-train intermodal transportation 
𝑏6 Underground ULV-Transfer Station-Truck Intermodal Transport 

𝐾𝑜𝑑 A collection of transportation paths in the transportation path using the b transportation mode 
𝐾𝑏

𝑜𝑑  A collection of transportation paths in the transportation path using the b transportation mode 

𝑓𝑘,𝑏
𝑜𝑑  

The cargo flow of a certain service route k in the transportation route using the transportation 
mode b 

𝑡𝑘,𝑏,ℎ
𝑜𝑑  

The average travel time that a certain service path on the transportation path can use the 
transportation mode b to apply the transportation means h 

𝐶𝑘,𝑏
𝑜𝑑  

The average cost of a certain service path k on the transportation path using transportation 
mode b 

𝛿𝑏
ℎ 0-1 variable, indicating whether the intermodal mode b uses the means of transportation h, 

𝜃𝑘,𝑏,𝑤
𝑜𝑑  

0-1 variable, indicating 𝐾𝑏
𝑜𝑑whether a certain transportation route k passes through the 

container transfer station w 
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3.3. Optimal model of collection and distribution network considering ULS 
port 

In accordance with the requirements of minimizing the total cost of the inland collection and 
distribution network of the container port considering ULS, the objective function is established: 

𝑀𝑖𝑛𝑍 = ∑ ∑ ∑ ∑ 𝐶𝑘,𝑏
𝑜𝑑

𝑘∈𝐾𝑏
𝑜𝑑𝑏∈𝐵𝑑∈𝐷𝑜∈𝑂 ⋅ 𝑓𝑘,𝑏

𝑜𝑑                                             (4) 

Among them, Z the total transportation cost of the ULS collection and distribution network 
includes the basic transportation cost of the container in the collection and distribution process, 
the cost of transferring at the transfer station, and the environmental cost of carbon dioxide 
emissions due to transportation. 𝐶𝑘,𝑏

𝑜𝑑  Indicates the average cost of applying a certain mode of 

transportation on a certain service path in the transportation network. The specific data can be 
obtained in the cost analysis. 

According to various constraints in practical applications, the constraints of the objective 
function can be listed: 

𝑞𝑜𝑑 = ∑ ∑ 𝑓𝑘,𝑏
𝑜𝑑

𝑘∈𝐾𝑏
𝑜𝑑𝑏∈𝐵    𝑜 ∈ 𝑂, 𝑑 ∈ 𝐷                                                 (5) 

∑ ∑ ∑ 𝑓𝑘,𝑏
𝑜𝑑 ⋅ 𝛿𝑏

ℎ ⋅𝑘∈𝐾𝑏
𝑜𝑑𝑏∈𝐵𝑑∈𝐷 𝑡𝑘,𝑏,ℎ

𝑜𝑑 ≤ 𝑄ℎ
𝑜 ⋅ 𝑉ℎ ⋅ 𝐿ℎ 𝑜 ∈ 𝑂, ℎ ∈ 𝐻                            (6) 

∑ ∑ ∑ 𝑓𝑘,𝑏
𝑜𝑑 ⋅ 𝛿𝑏

ℎ ⋅𝑘∈𝐾𝑏
𝑜𝑑𝑏∈𝐵𝑜∈𝑂 𝑡𝑘,𝑏,ℎ

𝑜𝑑 ≤ 𝑄ℎ
𝑜 ⋅ 𝑉ℎ ⋅ 𝐿ℎ  𝑑 ∈ 𝐷, ℎ ∈ 𝐻                           (7) 

∑ ∑ ∑ ∑ 𝑓𝑘,𝑏
𝑜𝑑

𝑘∈𝐾𝑏
𝑜𝑑𝑏∈𝐵𝑑∈𝐷𝑜∈𝑂 ⋅ 𝜃𝑘,𝑏,𝑤

𝑜𝑑 ≤ 𝐷𝑤  𝑤 ∈ 𝑊                                    (8) 

𝑓𝑘,𝑏
𝑜𝑑 ≥ 0                                                                           (9) 

𝛿𝑏
ℎ = {1,0}                                                                       (10) 

𝜃𝑘,𝑏,𝑤
𝑜𝑑 = {1,0}                                                                    (11) 

Among the above constraints, the meaning expressed by formula (2) is that the sum of the cargo 
flow on each transportation path between each OD pair is equal to the predicted value of the 
flow of the OD pair. Among them, 𝑞𝑜𝑑 represents the predicted freight volume from the 
departure point o to the destination d. Formulas (3) and (4) express the constraints on the 
vehicle during this calculation. Each type of transportation has a fixed average transportation 
time and maximum load. In the formula, 𝑡𝑘,𝑏,ℎ

𝑜𝑑 represents the average transportation time of the 

transportation means h on a certain transportation path between OD pairs. The formula (5) 
expresses the reloading constraint of the container transfer station. The formula (6) indicates 
that the cargo flow in transportation cannot be a negative value. Formulas (7) and (8) express 
the constraint conditions of Boolean variables. When 𝛿𝑏

ℎ =1, it means that the means of 
transportation h is used in the combined transportation mode b, otherwise it is not used. When 
𝜃𝑘,𝑏,𝑤

𝑜𝑑 =1, it means that the service path k passes through the container terminal w, and vice 

versa means it does not pass. These two 0-1 variables form two matrices, the specific values of 
which can be obtained from the depicted topology model of the actual container port inland 
collection and distribution network. 

4. Algorithm design 

Using genetic algorithm to solve ULS port collection and distribution network is the application 
of genetic algorithm in function optimization. Especially for some more complex nonlinear, 
multi-objective, multi-model function optimization problems, it is more difficult to solve with 
other methods, but genetic algorithm can Easily get better results. 

Step1: Chromosome coding 

In the calculation of this genetic algorithm, the 0-1 coding method is adopted. Each 
chromosome f represents a distribution of service path traffic distribution in the collection and 
distribution network. Assuming that the upper limit of traffic in all paths is umax, then the 
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interval of traffic is [0, umax]. In the calculation process, returning the binary string to an actual 
value can be achieved by the following formula: 

𝑥𝑗 = 𝑑𝑒𝑐𝑖𝑚𝑎𝑙(𝑠𝑢𝑏𝑠𝑡𝑟𝑖𝑛𝑔𝑗) ∗
𝑢𝑚𝑎𝑥  

𝑧
𝑥𝑗 −1

                                                (12) 

𝑑𝑒𝑐𝑖𝑚𝑎𝑙(𝑠𝑢𝑏𝑠𝑡𝑟𝑖𝑛𝑔𝑗): The decimal value of the variable 

Step2: fitness function 

Assume that the objective function of this calculation, that is, the cost minimization function 
Z(f), is the fitness function, and the relative fitness of the f-th chromosome is

f . It is the sum of 

the network calculated after the product of the flow rate allocated to each transportation path 
and the average cost of each transportation path in the collection and distribution network, plus 
the penalty value  for violating the constraints of the transportation path. Where the value  
is the product of the excess traffic of the transportation path and the penalty coefficient: 

𝜑𝑓 =
𝑍(𝑓)−𝑍𝑚𝑖𝑛  

𝑍𝑚𝑎𝑥  −𝑍𝑚𝑖𝑛  
                                                                   (13) 

Step 3: Select rules 

The chance of individual being selected is directly proportional to the relative fitness 
f in the 

group. The larger the relative fitness, the more suitable the individual is for the environment, 
that is, the better solution of the objective function relative to other individuals. 

Step4: genetic operator 

In the calculation of port collection and distribution network considering ULS, the three-point 
matching crossover method is used in the crossover operation. Three positions in the parent 
chromosome are randomly selected as the crossover points, and the genes from the crossover 
point to the end of the chromosome are cross recombined. In the mutation operation, a 
chromosome is randomly selected, and the multi locus mutation method is used for the random 
mutation operation. In order to ensure that the chromosome is still feasible after mutation, the 
crossover and mutation operations should meet the constraints of the established model. 

Step 5: termination conditions 

Set the maximum genetic algebra, generally set 500 generations or 1000 generations. 

5. Example analysis 
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Figure 2. Transportation network diagram 

 

In the transportation network shown in the figure, there are 13 nodes and 25 road sections, 
including the underground logistics channel between Jiading Freight Complex and Waigaoqiao 
Wharf. The underground container transportation network is the network after the 
introduction of the underground logistics system. Statistics of the container transportation 
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volume of Waigaoqiao Wharf from August to October in 2019, totaling 2089317TEU. Assume 
that the speed of the AGV trolley is 60km/h, and the speed of the truck is 45km/h. The initial 
data is shown in the table. 

Table 3. Initial data 
Section number Section length/km Maximum capacity TEU/hour 

1 21 600 
2 
3 
4 
5 
6 
7 
8 
9 

10 

28 
30 
24 
26 
48 
40 
61 
43 
20 

600 
600 
600 
600 
600 
600 
600 
600 
60 

11 37 600 
12 56 600 
13 59 600 
14 13 600 
15 74 600 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

24 
15 
10 
12 
32 
34 
78 
29 
25 
35 

600 
600 
600 
600 
600 
600 
600 
600 
600 
600 

 

At the same time, the average degree and average path length are introduced to evaluate the 
structure of the traffic network, and the weighted network is considered. The average degree 
reflects the network connectivity, and the calculation formula is 𝑘𝑖 = 1/𝑛1(∑ 𝑤𝑖𝑗𝑗∈𝑁𝑗

). In the 

formula, Nj is the set of adjacent nodes of node i, wij is the container transportation volume of 
the road section, and n1 is the number of nodes in the network. The average path length reflects 
the network transmission efficiency, and the calculation formula is 𝐿 = 1/𝑛2(∑ (𝑡𝑎/𝑥𝑎)𝑎 ) , 
where n2 represents the number of road sections in the transportation network. 

5.1. Example solution 

After determining the OD demand and basic capacity, and the carbon dioxide emission of road 
transportation in the container transportation network M1=0.06kg., the carbon dioxide 
emission coefficient of railway transportation is M2=0.02kg, the carbon dioxide emission 
coefficient of underground transportation is M3=0.01kg, and the carbon tax rate When it is 20 
yuan/t, MATLAB (R2018a) is used to solve the model, and the results are shown in Table 4. 

 

Table 4. Comparison of results 

Numble 
Carbon 

emission/kg 
Average 
degree 

Average path 
length 

Solving 
time/s 

Original collection and 
distribution network 

54079 640 284 24.399 

ULS Collection and Distribution 
Network 

31083 720 245 18.167 
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Figure 3. Traffic comparison 

 

It can be seen from the table that the carbon dioxide emissions of the underground container 
transportation network system are reduced by 44%, which has obvious effects in alleviating 
traffic congestion and reducing emissions. The optimized network average degree is increased 
to 720, the average path length is reduced to 245, the connectivity and integrity of the 
underground container transportation network are enhanced, and the transmission efficiency 
is improved. At the same time, the solving time of genetic algorithm is about 20s, which has a 
good solution effect. As shown in Figure 3, the container transportation volume is reasonably 
distributed on the above-ground road sections and underground passages. In the original road 
container transportation network, the container transportation volume of road section 1, road 
section 2, road section 4, road section 10 and road section 24 has exceeded the given 600 
TEU/hour, which obviously caused traffic network congestion. After optimization, in the 
underground container transportation network, the transportation volume of these sections is 
reduced to a given range, and the underground logistics channel bears more transportation 
volume, which significantly reduces congestion. 

5.2. Sensitivity analysis 

In order to further analyze the impact of the introduction of underground container logistics on 
the container transportation network, sensitivity analysis was carried out from three aspects: 
OD demand, capacity and carbon dioxide emissions. 

5.2.1. Analysis of the impact of OD demand changes 

This section analyzes the impact on the container transportation network by controlling the 
parameter θ of the uncertainty range of OD demand. 

Figure 4 shows the changes in the average degree and average path length of the transportation 
network when the container transportation demand changes. When θ is taken as 0.3, 0.6 and 
0.9, at this time, the impedance increase of the underground container transportation network 
is smaller, and the impact of changes in demand on it is smaller, making it more stable. As far 
as the transportation network topology is concerned, the average degree of the underground 
container transportation network is greater, the average path length is smaller, and the 
connectivity, accessibility, and transmission efficiency of the network are enhanced. In the case 
of changes in demand, the underground logistics channel highlights its advantages of strong 
accessibility and high transportation efficiency. 
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Figure 4. Network measurement values of the system under different parameters 

 

5.2.2. Cost of inland container transfer station 

Traffic capacity is affected by many factors, such as weather, road congestion, etc., which will 
reduce road traffic capacity. This paper uses the formula CP=CBf1f2f3...fn to make corrections, and 
f is the reduction coefficient. Assuming that f=1 represents the fixed capacity, f=0.9 represents 
the reduction coefficient of road capacity during rush hours, f=0.8 represents the reduction 
coefficient of road capacity during holidays, and f=0.7 represents the road traffic in severe 
weather. Ability reduction factor. Different reduction factors are used to evaluate the impact of 
capacity on the container transportation network. 

It can be seen holidays, and rush hours have a greater impact on the original highway container 
transportation network, and the system impedance has caused the average degree of the 
network to gradually decrease, but the network length continues to increase. As for the 
underground container transportation network, the impedance increase in the system is small, 
and the impact on it is small. The average degree and network length are relatively stable, and 
it is significantly better than the road collection and distribution network, indicating that the 
underground logistics channel responds to weather and road changes The advantages are 
obvious, and the traffic network is more survivable. In the case of congestion caused by changes 
in weather and road factors, waiji truck drivers are more willing to choose routes with 
underground logistics channels, and the network connectivity and accessibility are better at 
this time. 

5.2.3. Analysis of the impact of carbon dioxide emissions 

With reference to the National Greenhouse Gas Inventory Guidelines and Shanghai Electric 
Power Carbon Emission Coefficient, the diesel carbon dioxide emission coefficient is set at 
1.1kg/km during peak periods and 0.9kg/km during off-peak periods. The carbon dioxide 
emission coefficient of electricity during peak period is set to 0.4kg/km, and the coefficient of 
carbon dioxide emission during off-peak period is 0.3kg/km. This section compares carbon 
dioxide emissions during peak and low peak periods to analyze the emission reduction effects 
of the container transportation network before and after optimization. The calculation results 
are as follows. 

Table 5. Comparison of carbon emissions results 
Carbon emission 

factor 
Carbon emissions of the original highway 

container  network/kg 
Carbon emission of underground 

container network/kg 

Er=1.1  Euls=0.4 276910 251437 
Er=0.9  Euls=0.3 226562 205053 
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Table 5 shows the total carbon dioxide emissions before and after optimization. The carbon 
emission of the underground container transportation network is smaller than that of the 
original road container transportation network. The carbon emissions of the underground 
container transportation network are reduced by 25,473 kg during the peak period and 21,509 
kg during the off-peak period. The distribution of carbon emissions in each section of the 
underground container transportation network is more balanced. The emissions are relatively 
small. From a long-term perspective, underground logistics and transportation are powered by 
electricity, while truck transportation is powered by diesel. Underground logistics channels can 
not only reduce carbon emissions, but also reduce energy consumption. The environmental 
benefits will become more and more obvious and consistent with sustainability. Sexual 
development requirements. 

6. Concluding remarks 

This paper constructs a planning model that considers carbon emissions for the container 
transportation network after the introduction of the underground logistics system. In the case 
analysis, the original container transportation network and the underground container 
transportation network are compared and analyzed. The results show that the underground 
logistics transportation system can effectively reduce port congestion and ease the pressure of 
container transportation. In terms of environmental pollution, the carbon emissions of 
underground logistics and transportation systems have been significantly reduced. From a 
long-term perspective, the environmental benefits are considerable. 

The construction of an underground logistics system from Waigaoqiao Port to Jiading can solve 
the problems of traffic congestion and environmental pollution caused by the road collection 
and distribution system to a certain extent. Based on the daily traffic volume in the direction of 
Jiangsu in the Waigaoqiao Port Area, this paper actually estimates the gas emission reduction 
that the underground logistics system can bring after the completion of the underground 
logistics system, and evaluates its emission reduction benefits. The optimization model is used 
to calculate the cost-benefit brought by the underground logistics system after it is built. This 
article does not consider the impact of vehicle models and vehicle speeds on carbon dioxide 
emissions. In the future, different vehicle models and different driving speeds will be used to 
study vehicle gas emissions. 
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