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Due to the problems such as the excessive proportion of road transport and extreme carbon emission situation of China’s
transport structure adjustment, this paper combines the fourth-party logistics with the bulk cargo green transport. It is advancing
the adjustment of China’s bulk cargo transport structure using fourth-party logistics. /is paper improves the particle swarm
optimization algorithm to compare the integrated cost and carbon emissions of different bulk fourth-party transport networks to
verify the benefits of the fourth-party logistics on bulk cargo transport networks’ cost reduction and emission reduction. /e
results show that using the fourth-party logistics model to promote the transfer of cargoes from road to rail can reduce the
integrated cost of the transport network, reduce carbon emissions, and achieve green transport.

1. Introduction

Since the signing of the Paris Agreement, China has been
actively engaged in global emission reductions and has taken
the initiative to assume responsibility for emission reduc-
tions [1]. According to the China Statistical Yearbook data,
the transportation industry is one of China’s fastest-growing
carbon emissions industries. Between 2000 and 2015, the
total carbon emissions of China’s transportation industry
increased from 58.22 million tons to 190.1 million tons. It
increased by a full 2.26 times, with an average annual growth
rate of 7.9% [2]. Reducing the carbon emissions in the
transportation industry is of considerable significance to
China’s modern integrated transportation system and green
transport with “high energy efficiency, low pollution, low
consumption, and low emissions” [2]. Transport freight
volume is closely related to carbon emissions: in 2019,
China’s road freight volume reached 41.6064 billion tons,
rail freight volume has reached 4.38904 billion tons, and
road freight volume has reached 9.48 times the railway
freight volume [2]. According to the US. Federal Railway
Administration report, the carbon emissions from road
transport at the same distance are nearly four times that of
rail transport [3]. /e above data show that the high

proportion of road freight is an essential reason for the high
carbon emissions of China’s transportation industry. If it can
give full play to the advantages of railways in reducing
carbon emissions and implement the /ree-Year Action
Plan issued by the State Council of China to guide the
transfer of cargo from road transport to railway transport as
soon as possible, it will greatly benefit the realization of
China’s sustainable development strategy and the devel-
opment of green transport.

To promote the adjustment of transport structure, re-
duce the carbon emissions of transport, improve the inte-
grated transport efficiency, and reduce the cost of logistics,
the General Office of the State Council issued the/ree-Year
Action Plan for Promoting the Adjustment of the Transport
Structure (2018–2020) in October 2018, which proposed the
action of upgrading the capacity of railway transport, and
made it clear that promoting the “road to rail” of bulk cargo
transport is the main direction of transport supply-side
reform [4]. In September 2019, China’s National Develop-
ment and Reform Commission also cooperated with rele-
vant departments and issued the “Guiding Opinions on
Accelerating the Construction of Railway Special Lines,”
which aim to solve the “first and last kilometre” problem of
the bulk cargo of railway transport and to provide solutions
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to the distribution problem of “road to rail” [5]. In addition,
the State Railway Administration of China has taken a
number of measures in railway logistics infrastructure,
railway transport prices, and preferential transport policies
to deepen the reform of railway freight transport and ac-
celerate the process of green transport.

Recently, the traditional bulk cargo transportation in-
dustry has gotten rid of the low-price-first model. Shippers’
demand for the safety, convenience, and delivery time of
transport is increasingly higher. /e transportation industry
urgently needs a new model to improve the economic
benefit. In order to optimize transport costs under low-
carbon emissions, the following innovations are made in this
paper. (1) /e fourth-party logistics promotes the rapid
transfer of bulk cargo from road transport to railway
transport, improves transport efficiency, constructs an in-
telligent transportation system, and optimizes the integrated
cost of bulk cargo transport. (2) Unlike traditional bulk
cargo transport, this paper focuses on the transport process
between multiple shippers and freight enterprises. More-
over, the improved particle swarm optimization algorithm
compares the integrated cost and carbon emissions of road
and rail transport under different conditions within a limited
time.

/e remainder of the paper is structured in the following
manner. Section 2 presents an overview of the relevant
literature, focusing on green transport, bulk cargo transport,
fourth-party logistics, and algorithm design. Section 3 builds
the optimization model of bulk cargo green transport mode
based on fourth-party logistics, while Section 4 uses different
experiments to illustrate the optimization effect of the
fourth-party logistics of bulk cargoes on green transport.
Section 5 summarizes the findings and outlines potential
future research extensions.

2. Literature Review

In order to promote the development of green transport,
researchers have carried out much research on the low-
carbon emission reduction of the transportation industry.
/ey analyzed the local transportation system through the
CUTE matrix and pointed out that the implementation of
low-carbon policies and improvement of transportation
technology are essential means to reduce the carbon
emissions of the transportation industry [6]. A model of
urban vehicle distribution with low carbon, energy saving,
and low cost was constructed, and genetic algorithms were
designed to optimize vehicle distribution routes [7]. Mea-
sured the carbon emissions of the integrated logistics system
of the port and proved that the carbon emissions of
transport, heavy equipment and logistics services account
for a significant proportion of the transportation system [8].
/ey focused on the impact of carbon taxes on different
transport modes and compared the carbon emissions and
economic benefits of China’s railways, roads, and waterways
through a general equilibrium model [9]. /e above re-
searchers’ research on low-carbon emissions provides an
important idea for this article to explore green logistics.
However, there are still not many studies on promoting

green logistics in academia, and it needs to be further
improved.

In analyzing the characteristics of bulk cargo and pro-
moting the green transport of bulk cargo, researchers based
on the case of coal railway transport networks used bi-level
optimization to explore the route of railway freight under the
condition of network interference [10]. /ey used a complex
network to evaluate the freight capacity of China’s road and
railway nodes and explored the differences in the trans-
portation of bulk cargoes by road and railway [11]. Combine
the bulk cargo price prediction model with neural network
algorithms to improve railway freight volume prediction
speed and accuracy [12]. /ey also combined the TOPSIS
method to analyze the efficiency of bulk cargo transport in
the Brazilian railway system, proposed some methods for
optimizing the rail transport of bulk cargoes, and improved
rail freight efficiency [13]. However, researchers’ research on
bulk cargoes mostly focuses on water transport, and the
research on rail transport of bulk cargoes needs further
innovation.

In the research of transport informatization: researchers
combined the views of 48 experts from 20 countries to
explore the supply chain management model of the future
transportation industry and logistics industry from the five
Delphi methods of energy emissions, consumer behavior,
future transportation mode, future supply design, and in-
novation and concluded that a supply chain management
model that can help decision making, information sharing,
and sustainability would emerge in the future and the
fourth-party logistics could provide this management model
[14]. /ey proposed a discrete flow model to describe the
reverse logistics supply chain of remanufactured products,
which provided some ideas for the research of fourth-party
logistics [15]. Constructed an “N + 1 + N” fourth-party
logistics model based on China’s “VAT Reform” policy to
achieve overall symmetry in logistics, business, information,
and capital flows and explored the fourth-party logistics
profit model [16]. Combined with Internet technology, it
integrated financial institutions, consulting companies, and
other industries into the logistics industry chain to promote
the development of industry informatization and improve
the efficiency of logistics industry operation [17]. Re-
searchers integrated the government procurement infor-
mation network through cloud technology to improve
government procurement efficiency and optimise supply
chain management [18]. /e above researchers’ research on
the combination of logistics and big data provides many
ideas for the research of fourth-party logistics in this paper.
However, the existing logistics informatization research
mostly focuses on emergency logistics, and the research on
low-carbon logistics is not much.

In the process of studying the integrated cost of the
transport network and the optimal vehicle configuration,
researchers incorporated the cost of risk management and
the psychological cost of waiting for rescue into the emer-
gency reverse logistics model, constructed the logistics
network model, and optimized the integrated cost of
transport network based on the trade-off of three conflicting
objectives: logistics cost, risk cost, and psychological cost
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[19]. /ey improved the multiobjective particle swarm
optimization algorithm to solve the multiobjective enter-
prises under the carbon tax policy [20]. and improved the
genetic algorithm to optimize the transportation network's
cost and distribution of the vehicle [21]. By studying these
algorithms, this paper finally chooses to use the improved
particle swarm optimization algorithm to solve the
transport network optimization problem between mul-
tiple shippers and consignees. Influenced by the relevant
policies and environmental protection requirements,
China’s research on bulk cargo transport structural ad-
justment has achieved certain results. It has become an
inevitable trend to shift the mode of transport of cargo
from road to rail transport. However, it can be seen from
the above literature that researchers still have doubts
about how to promote the “road to rail” of bulk cargo and
reduce the integrated cost of the transportation industry.
For the optimization of the low-carbon transport between
multiple shippers and multiple consignees, the existing
research needs to be further deepened. To this end, this
paper innovatively combines fourth-party logistics with
bulk cargo green transport between multiple shippers and
multiple consignees. /rough the intelligent bulk cargo
fourth-party logistics network to attract more sources and
reduce transportation cost, improve the particle swarm
optimization algorithm to evaluate the fourth-party lo-
gistics network’s effect to prove the fourth-party logistics’
optimization effect.

3. Green Transport Mode of Bulk Cargoes
Based on Fourth-Party Logistics

According to the definition of the China Railway Customer
Service Center, bulk cargo is large cargo volume and stable
cargo, such as coal, coke, petroleum, and metal ore, which
can be determined in advance for transportation needs. Bulk
cargo transport accounts for more than 50% of China’s cargo
transport market, ranking first among all types of freight
transport [3]. /e proportion of bulk cargo transport shared
by roads is up to 75.06% [22]. Due to the differences in
transport means, energy, capacity, and facilities, rail trans-
port’s energy consumption and emission intensities are only
1/7 and 1/13 of road transport [22]. Carbon emissions are
higher in road transport and lower in railway transport, so
the implementation of “road to rail” to promote the transfer
of bulk cargo from road transport to rail transport has
brought significant energy conservation and emission re-
duction effects (unit turnover can save 86% of energy
consumption and reduce 92% of energy emissions [23]).
However, railway bulk cargo transport is still challenging to
complete “point-to-point, door-to-door” transport. /e
transport process is complicated, and the transaction costs
are high. /erefore, it is necessary to promote the transfer of
bulk cargo transport from road transport to railway
transport.

Based on the existing research related to logistics
informatization [24–28], this paper builds a green transport
mode of bulk cargo through fourth-party logistics. Com-
pared with other researchers’ big data models, this paper

incorporates carbon emission cost factors into the selection
and evaluation system of bulk cargo transport methods. It
determines the optimal transport model by comparing the
integrated cost and carbon emissions between different
transport modes within a limited time.

3.1. Problem Description and Assumptions. Compared with
road transport, railway transport has advantages of low cost,
large volume, all-weather, energy-saving and environmental
protection, safety, and stability. /ere are also many
shortcomings such as complicated transport links, high costs
for short-distance freight, tight local transport capacity,
limited timeliness, and insufficient flexibility [29]. In this
paper, the cost of fourth-party logistics and carbon emis-
sions is included in the green transport mode of bulk cargoes
and the optimal transport method is selected by comparing
different transport costs and transport efficiencies.

In the traditional bulk cargo transport network, due to
insufficient informationization, inflexibility, inadequate
policy support, and imperfect multimodal transport
mechanism, bulk cargo rail transport is complicated, and the
transaction procedures are numerous [30]. /e lack of
communication between shipper and cargo enterprise, be-
tween consignee and cargo enterprise, and between shipper
and consignee created a large amount of information game
cost, which makes shipper more willing to choose road
rather than railway transport to bear the volume of bulk
cargo. As a result, in promoting the green transportation of
bulk goods from road to railway, a big data logistics service
that can share transport network information, simplify
transaction procedures, and promote low-carbon emissions
is needed. Fourth-party logistics can provide such logistics
services.

The use of fourth-party logistics to promote green
transport of bulk cargoes has the following effects. (1) It is
conducive to the application of intelligence, informati-
zation, and big data. (2) It simplifies the railway transport
process and improves the service level of multimodal
transport with the railway as the core. (3) It reduces the
integrated cost of green transport networks for bulk
cargoes.

Figure 1 shows the design of the fourth-party logistics
network for bulk cargo. In the fourth-party logistics net-
work, shippers release logistics orders through the fourth-
party logistics. /e platform formulates transport plans after
collecting detailed logistics information and distributes the
information to the corresponding third-party logistics en-
terprises through bidding. Enterprises integrate the goods of
different shippers through fourth-party logistics and
transport the integrated goods according to the require-
ments of time, destination, and route. In this transport
process, the enterprise enjoys certain autonomy. It must
follow the relevant transport requirements and time limit
requirements while undertaking logistics orders and is re-
sponsible for the transport process. When the order reaches
the designated consignee, the driver will give feedback to the
platform, and the task will end after confirmation by the
platform. During this period, all businesses will be
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completed through the fourth-party logistics platform. After
receiving the relevant logistics task instructions, each
member should prepare in accordance with the transport
plan formulated by the platform. Each member can com-
municate in real time and supervise the order process
through the fourth-party logistics platform during the
transport process. If there is any loss or accident in the
transport process, the fourth-party logistics platform shall
coordinate by relevant rules.

Figure 2 shows the schematic diagram of the fourth-
party logistics network for bulk cargo. /e fourth-party
logistics is responsible for the bulk cargo delivery of
products between multiple supply and demand point
pairs of products. /e bulk cargo is transported to dif-
ferent consignees i through n freight enterprises, where
each freight enterprise is responsible for providing
transport services to multiple supply and demand point
pairs. /e nodes in the network include shippers, con-
signees, and freight enterprises. Cargoes are sent from
shippers and transferred to individual consignees by
freight enterprises. xijkn indicates the transport route
from shipper j to consignee i. In order to maximize the
profits of the overall logistics network, it is necessary to
reasonably plan the bulk cargo transport routes and the
node distribution locations to minimize the sum of the
costs of all the distribution routes xijkn. It is crucial to
comprehensively consider the carbon emission and es-
tablish the green transport network model of bulk cargoes
based on fourth-party logistics to minimize the integrated
cost within a limited time.

/e carbon emission cost of the logistics network
involved in this paper mainly refers to the carbon dioxide
emission cost generated by road or rail transport during
the mainline transport process of the bulk cargo logistics
network. For the convenience of calculation, this paper
separately sets the cost of carbon emission factor per unit
distance for road and rail transport α1, α2 [20] and cal-
culates the overall carbon tax cost of logistics network
without detailed calculation of the carbon emissions of a
specific model. In other words, this paper takes the cost of
carbon emission, the starting cost of the service, distri-
bution of the cost of processing, and transportation as the
total cost and finds the integrated cost of the logistics
network when the total is minimized. /is design avoids
the problem of excessive objective functions in most
existing low-carbon transport optimization studies. It is
more suitable for the fourth-party logistics network than
the single-objective optimization model.

In order to simplify the calculation process, this paper
makes the following assumptions. (1) /e transport time
of the road in the transport network of the same con-
dition is the same as that of the railway. (2) /e fourth-
party logistics needs additional opening costs, reducing
the transport network’s carbon tax rate and information
cost after opening.

3.2. Description of Model Components. /e relevant pa-
rameters, sets, and decision variables involved in this model
are shown in Table 1.

3.3. Model Building. Based on the above symbol descrip-
tions and variable definitions, the integrated cost and
carbon emission of the fourth-party logistics network is
shown as follows:
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/e objective function formula (1) represents the
optimal integrated cost of the transport network in a
limited time, which includes the opening cost of the
services of freight enterprises, loading and unloading
costs of bulk cargo transport, transport costs, and the
carbon emission cost incurred by vehicles of freight en-
terprises. Formula (2) represents carbon emissions from
the transport network.
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Constraints (3) and (4) indicate that if the freight en-
terprise n of the logistics network is selected to serve the
supply point pair p, there must be a transport mode con-
nected to it to transport the cargo; otherwise, no freight
enterprise or transport mode is selected. Constraints (5) and
(6) require that the bulk cargo be transported from shipper j
to consignee i via freight enterprise n. Constraints (7) and (8)
require, respectively, that the shipper j and consignee i of
point of supply and demand point pair pmust transport the
products via freight enterprise n.
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qijkn ≥ 0, ∀i ∈ V, ∀j ∈ V,∀k ∈ K, (13)
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Constraint (9) is the carbon emission constraint of
freight enterprises. Constraint (10) is a transport route
capacity constraint of freight enterprise n. Constraint
(11) aims to determine the carbon emissions of freight
enterprises. Constraint (12) ensures that the volume of
freight sent by all shippers is the same as the consignee
receives. Constraints (13)–(15) indicate the capacity
constraints for transport between points. Constraint (16)
represents the capacity constraint on the bulk cargo of
freight enterprise n.

a
p

ijkn ∈ 0, 1{ }, ∀i ∈ V,∀j ∈ V,∀n ∈ V,∀k ∈ K,∀p ∈ P,

(17)

b
p
n ∈ 0, 1{ }, ∀n ∈ N, ∀p ∈ P, (18)

xijkn ∈ 0, 1{ }, ∀i ∈ V,∀j ∈ V, ∀n ∈ V,∀k ∈ K, (19)

yn ∈ 0, 1{ }, ∀n ∈ N. (20)

Constraints (17)–(20) are 0–1 decision variables.

3.4. Algorithm Design. Optimizing the green transport
network for bulk cargoes of fourth-party logistics is an
extension of the traditional logistics transport problem. In
solving theminimum cost of the logistics network, due to the
involvement of various shippers, freight enterprises, and
locations of shippers, it is also an NP problem. /is paper
involves multiple shippers and multiple consignees. /e
calculation scale is large, and the solution is complicated.

Table 1: Parameters, sets, and decision variables.

Symbol Description
d1

jn /e distance from the shipper j to the freight n (km)
d2

in /e distance from the consignee i to the freight n (km)

qijkn
/e unit transportation capacity of the vehicle k from the shipper j to the consignee i through the

freight enterprise n
cijkn /e cost of per vehicle per unit distance (yuan/km)
I /e set including suppliers indexed by i, I� {0, 1, 2, ..., i}
J /e set including shippers indexed by j, J� {0, 1, 2, ..., j}
P /e set including supply and demand points from shipper j to consignee i
K /e set including freight vehicles indexed by k
N /e set including freight enterprises indexed by n, N� {0, 1, 2, ..., n}
Gn Maximum load of the freight enterprise n
Cn /e cost of loading and unloading cargo of the freight enterprise n per unit time
Si /e set including cargo quantity obtained by the consignee i
Dj /e set including cargo quantity issued by the shipper j
Wn /e freight handling capacity of the freight enterprise n
α1, α2 /e carbon tax rate of bulk cargo transport network with/without fourth-party logistics
β1, β2 /e carbon emission factors per unit distance per product in road/rail transport
dp /e number of emergency supplies between the point pair p in the period, p ∈ P
V � I ∪ J ∪ N
H /e opening cost of the fourth-party logistics service
CI /e information transaction cost of the traditional bulk cargo transport network
E Carbon emissions from bulk cargo transport networks
Qn Maximum load of carbon emission capacity of all vehicles in the freight enterprise n

xijkn∈{0, 1}
If the vehicle k is transported from the shipper j to the consignee i via the freight enterprise n, then

xijkn � 1; otherwise, xijkn � 0
yn∈{0, 1} If the fourth-party logistics service is opened, then yn � 1; otherwise, yn� 0

a
p

ijkn ∈ 0, 1{ }
If the shipper j to the consignee i is transported by the vehicle k and serves the point pair p via freight

enterprise n, then apijkn � 1; otherwise, apijkn � 0
b

p
n ∈ 0, 1{ } If the freight enterprise n is served the supply and demand point p, then b

p
n � 1; otherwise, b

p
n � 0.

X+ � {xijkn|∀i ∈V, ∀j ∈V, ∀n ∈V,
∀k ∈K}
X- � {apijkn|∀i ∈V, ∀j ∈V, ∀n ∈V,
∀k ∈K, ∀p ∈ P}
Y� {yn|∀n ∈N}
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/e corresponding intelligent optimization algorithm needs
to be selected to solve the problem. /erefore, this paper
improves the particle swarm optimization (PSO) algorithm
to optimize the green transport of bulk cargoes based on
fourth-party logistics.

3.4.1. Particle Swarm Optimization Algorithm. Particle
swarm optimization (PSO) algorithm is an effective
global optimization algorithm derived from the study of
bird predation behavior and is used to solve the opti-
mization problem. Similar to other evolutionary algo-
rithms, PSO also searches for optimal solutions in
complex spaces through cooperation and competition
among individuals. PSO has the characteristics of evo-
lutionary computing and swarms intelligence. It is an
optimization algorithm based on swarm intelligence
theory, which guides the optimization search through
swarm intelligence generated by the competition and
cooperation among particles in the swarm. PSO retains a
population-based global search strategy compared with
traditional evolutionary algorithms, but its “speed-dis-
placement” model is simple to operate and avoids
complex genetic operations. Its unique memory enables it
to dynamically track the current search situation to adjust
the search strategy.

In PSO, each optimization problem’s solution is con-
sidered a bird in the search space, that is, “particle.” First, as
the initial population is generated, a group of particles is
randomly initialized in a feasible solution space. Each
particle is a feasible solution, and an objective function
evaluates its fitness value. Each particle moves in the so-
lution space, and its flight direction and distance are de-
termined by velocity. Usually, the particle follows the
current optimal particle to search in the solution space.
During each iteration, the particle will track two “extreme
values” to update itself. One is the optimal solution found
by itself, and the other is the optimal solution currently
found by the whole population. /is extremum is the
optimal global solution.

/is paper assumes that the vehicle k transported
between shipper j and consignee i refers to particles. /ese
particles are searched in the p-dimensional space. /e
swarm consisting of P particles is X � {X1, X2,..., XP}, where
the position of each particle Xk � {Xk1, Xk2,..., XkP} rep-
resents a feasible solution to the optimization problem.
Each particle has a velocity, which is Vk � {Vk1, Vk2,...,
VkP}. Particles search for new solutions by constantly
adjusting their positions, and each particle can remember
the optimal solution it has searched for. In each iteration,
the velocity and position of the particle are constantly
updated according to the optimal historical position of the
individual particle Lk � {Lk1, Lk2,..., LkP}T and the global
optimal position Lg � Lg1, Lg2, . . . , LgP 

T
to achieve

population purification. /e formula for updating the
velocity and position of the kth p-dimensional particle is
as follows:

V
z+1
kp � ω × V

z
kp + c1 × r1 × P

z
kp − X

z
kp  + c2 × r2 × P

z
kp − X

z
kp ,

(21)

X
z+1
kp � X

z
kp + V

z+1
kp . (22)

In formulas (21) and (22), z represents the current
number of iterations; c1, c1 represent the acceleration factor;
r1, r2 represent the random number between [0, 1]; and ω is
the inertia weight, and its size has a great effect on the
convergence of PSO.

3.4.2. Improved Implementation of Particle Swarm Optimi-
zation Algorithm. /is paper designs a constraint process-
ing mechanism based on the traditional PSO algorithm that
allocates the region and location of the solution by Pareto
dominance. It then searches through the feasible region by
the PSO algorithm. After several iterative evolutions, the
infeasible solution is finally eliminated, and the optimal
solution is retained. According to the well-defined particle
swarm structure, this paper adopts an improved particle
swarm optimization algorithm (IPSO) to optimize the
many-to-many transport cost of the fourth-party logistics
network under low-carbon emissions.

Step 1. Initialize all parameters such as Vk, Lk, and Lg in the
particle swarm and generate the initial Pareto solution set
with Vk, Lk, and Lg.

Step 2. Calculate fitness with Vk, Lk, and Lg.

Step 3. According to the Pareto solution set of different
shippers and consignees, update Vk, Lk, and Lg.

Step 4. Correct the position and velocity of the particles
beyond the boundary. For each particle k, compare its fitness
value with the best position Lk in the Pareto solution set. If it
is better, update Lk. /e update of Lg is the same as Lk.

Step 5. /e algorithm is ended if the end condition is
reached (get a sufficiently good position or the maximum
number of iterations) [20]. /e optimal global solution is
output; otherwise, continue the iteration.

/e pseudocode of the IPSO algorithm is shown in
Algorithm 1.

3.4.3. Design of Constraint Processing Mechanism.
Constraints are an essential part of many-to-many logistics
network optimization problems. /e key to using the IPSO
algorithm to solve the many-to-many optimization problem
lies in designing effective constraint processing mechanisms.
Because there are many constraints involved, this paper
designs a flow allocation algorithm, a transportation capacity
limit conversion algorithm, and a capacity adjustment al-
gorithm to solve the mixed-integer programming model
between multiple shippers and multiple consignees under
constraints.
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In order to determine the cargo flow between the various
facilities, this paper converts formulas (3)–(8), (11), and (12)
into algorithmic languages for expression under the con-
dition of solving objective functions (1) and (2) to select the
method with the lowest integrated cost and carbon emission
among the various nodes for bulk cargo transport. In order
to ensure that the transportation volume between nodes
does not exceed its carrying capacity, this paper uses a
penalty function to convert transportation capacity con-
straints (9) and (10) to ensure that the bulk cargo volume of
each transportation mode does not exceed its corresponding
capacity limit. In order to make the opened nodes operate
within their capabilities, this paper converts capacity con-
straints (13)–(16) into MATLAB language for expression,
thus selecting the node with the lowest integrated cost for
opening.

4. Experiments and Data Analysis

In order to optimize the fourth-party green transport net-
work mode of bulk cargoes, this paper uses IPSO to test the
fourth-party green transport network of bulk cargoes with
three different conditions: large, medium, and small. /e
models and algorithms are coded inMATLAB language, and
experiments are performed on different computers. /e
nodes and data involved in this experimental calculation are
mainly based on Li et al.’s improved particle swarm opti-
mization algorithm and reasonable adjustment and opti-
mizations [20].

Assume that in the fourth-party logistics mode, dif-
ferent freight enterprises undertake bulk cargo transport
tasks from multiple shippers j to consignee i. /e carbon
emission factor per unit product unit distance in road
transport β1 is 0.056 (kg/t·km), and the carbon emission
factor per unit product unit distance in railway transport

β2 is 0.017 (kg/t·km) [20]. /e carbon tax rate of transport
networks with fourth-party logistics service α1 is 250
yuan/t, and that of the transport network without fourth-
party logistics service α is 300 yuan/t [31]. /e cost of
loading and unloading the bulk cargo during the road-to-
rail transport is 1000 yuan (combined with the opening
cost of the rail transport service when calculating), and
each transport process includes two times of loading and
unloading. In the bulk cargo logistics network assumed in
this paper, because the front-end transport and the ter-
minal transport part of the rail or road transport process
use road transportation, the costs incurred are the same,
that is, only the cost of railway transport in the mainline
transport, the sum of the loading and unloading costs at
both ends, and the road transport integrated cost are
considered to be compared in the calculation of the in-
tegrated cost. For simplicity, this paper does not consider
the fixed construction costs of shippers, consignees, and
freight enterprises.

4.1. Green Transport Optimization for the Small Bulk Cargo
Transport Network. A small bulk cargo network consists
of 2 shippers, 2 freight enterprises, and 2 consignees.
After receiving the bulk cargo provided by the shipper,
the freight enterprises in the network can choose two
main transport modes, road and rail transport, to transfer
the bulk cargo to the consignee, and the shipper has three
vehicles under each transport mode to perform the de-
livery task. /e related operation and management data
of each node of the logistics network are shown in Table 2.

/e shipper contracts bulk cargo transport to the
corresponding freight enterprises and chooses the road
and rail transport modes to transport the cargo to the
consignee according to the actual situation. /e distances
between the nodes are shown in Table 3.

(i) FOR each particle k
(ii) Initialize Vk: particle velocity
(iii) Initialize Lk: the historical optimal position
(iv) Initialize Lg: the optimal global position
(v) Initialize Pareto solution set. Generate Pareto solution set with Vk, Lk, and Lg

(vi) Initialize N: population number
(vii) Calculate fitness. Calculate fitness with involving parameters
(viii) FOR each particle k
(ix) Update Vk according to the Pareto solution set
(x) Update fitness: update fitness with new Vk
(xi) IF the fitness value is better than Lk in history
(xii) Lk � the fitness value
(xiii) END IF
(xiv) IF the fitness value is better than Lg in history
(xv) Lg � the fitness value
(xvi) END IF
(xvii) Update the new Pareto solution set. Update the Pareto solution set with new Vk, Lk, and Lg

(xviii) END FOR
(xix) i� i+1
(xx) WHILE maximum iterations or get a sufficiently good position

ALGORITHM 1: /e improved particle swarm optimization algorithm.
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Combining the above data, this paper assumes that the
supply and demand of each shipper and consignee and the
circulation of bulk cargoes are as shown in Table 4.

After the MATLAB evolution algorithm, the integrated
cost of road and railway transport in the condition of the
small bulk cargo transport network in a limited time is
obtained, as shown in Figure 3. In the condition of the small
bulk cargo transport network, because the number of
shippers and consignees is less than the number of vehicles
held by freight enterprises, the logistics network transport
route is not unique. When the fourth-party logistics service
is not selected, the integrated cost of the road transport
network is 187,210 yuan, and the integrated cost of the
railway transport network is 127,330 yuan; when selecting
the fourth-party logistics service, the integrated cost of the
road transport network is 198,700 yuan, and the integrated
cost of the railway transport network is 139,230 yuan. Be-
sides, in the small bulk cargo transport network, the carbon
emissions from road transport are 10.2 tons, and the carbon
emissions from railway transport are 2.0 tons. Promoting the
transfer of transport methods from road to railway can
reduce carbon emissions by 80.39%.

4.2.GreenTransportOptimization for theMediumBulkCargo
Transport Network. A medium bulk cargo network consists
of 3 shippers, 3 freight enterprises, and 4 consignees. After

receiving the bulk cargo provided by the shipper, the freight
enterprise in the network can choose two main transport
modes, road and rail transport, to transfer the bulk cargo to
the consignee. /e shipper has three vehicles under each
transport mode to perform the delivery task. /e related
operation andmanagement data of each node of the logistics
network are shown in Table 5.

/e shipper contracts bulk cargo transport to the cor-
responding freight enterprises and chooses the road and rail
transport modes to transport the cargo to the consignee
according to the actual situation. /e distances between the
nodes are shown in Table 6.

Combining the above data, this paper assumes that the
supply and demand of each shipper and consignee and the
circulation of bulk cargoes are as shown in Table 7.

After the MATLAB evolution algorithm, the integrated
cost of road and railway transport of the medium bulk cargo
transport network in a limited time is shown in Figure 4.
When the fourth-party logistics service is not selected, the
integrated cost of the road transport network is 540,260
yuan, and the integrated cost of the railway transport net-
work is 366,820 yuan; when selecting the fourth-party lo-
gistics service, the integrated cost of the road transport
network is 546,800 yuan, and the integrated cost of the
railway transport network is 374,520 yuan. Besides, in the
medium bulk cargo transport network, the carbon emissions
from road transport are 29.2 tons, and the carbon emissions
from railway transport are 6.0 tons. Promoting the transfer
of transport methods from road to railway can reduce
carbon emissions by 79.45%.

Table 8 shows the route flow of different consignees
receiving the products sent by the shipper in the form of
road and rail transport. Taking consignee 1 as an example,
when choosing road transport, the cargoes received are
transported by shipper 2 via the third freight vehicle of

Table 2: Parameter of the small bulk cargo transport network.

Parameter description Parameter Value Parameter description Parameter Value

Transport capacity of each vehicle Qk 1000 t Number of vehicles in each
freight enterprise K 3

Transport capacity of freight enterprise 1 G1 1800 t Cargo required by consignee 1 S1 800 t
Transport capacity of freight enterprise 2 G2 1900 t Cargo required by consignee 2 S2 1000 t
Freight volume from shipper 1 D1 3000 t Freight volume from shipper 2 D2 2850 t

Maximum load of road freight enterprise W1 2000 t Rail handing capacity of freight
enterprise 1 W’

1 2500t

Maximum load of rail freight enterprise W2 2100 t Rail handing capacity of freight
enterprise 2 W’

2 2600t

Information transaction cost of traditional
transportation network CI 3000 yuan Opening cost of fourth-party

logistics service H 30000 yuan

Unit road transport costs of enterprises cijkn
165.93 yuan/

t× km
Unit rail transport costs of

enterprises c’ijkn
110.62 yuan/

t× km

Table 3: /e distance between nodes in the small bulk cargo transport network (km).

Freight enterprise 1 Freight enterprise 2
Shipper 1 140 190
Shipper 2 210 175
Consignee 1 325 320
Consignee 2 350 320

Table 4: Circulation of cargoes at supply and demand points in the
small bulk cargo transport network (0 means there is no supply and
demand relationship).

Consignee 1 Consignee 2
Shipper 1 0 600
Shipper 2 500 0
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Table 5: Parameter of the medium bulk cargo transport network.

Parameter description Parameter Value Parameter description Parameter Value

Transport capacity of each vehicle Qk 1000 t Number of vehicles in each
freight enterprise K 3

Transport capacity of freight enterprise 1 G1 1800 t Cargo required by consignee 1 S1 800 t
Transport capacity of freight enterprise 2 G2 1900 t Cargo required by consignee 2 S2 1000 t
Transport capacity of freight enterprise 3 G3 2000 t Cargo required by consignee 3 S3 650 t
Freight volume from shipper 1 D1 3000 t Cargo required by consignee 4 S4 700 t
Freight volume from shipper 2 D2 2850 t Freight volume from shipper 3 D3 3500 t

Road handing capacity of freight enterprise 1 W1 2000 t Rail handing capacity of freight
enterprise 1 W1′ 2500 t

Road handing capacity of freight enterprise 2 W2 2100 t Rail handing capacity of freight
enterprise 2 W2′ 2600 t

Road handing capacity of freight enterprise 3 W3 2200 t Rail handing capacity of freight
enterprise 3 W3′ 2600 t

Information transaction cost of traditional
transportation network CI 6000 yuan Opening cost of fourth-party

logistics service H 30000 yuan

Unit road transport costs of enterprises cijkn
165.93 yuan/t

× km
Unit rail transport costs of

enterprises cijkn
′ 110.62 yuan/t

× km

Table 6: /e distance between nodes in the medium bulk cargo transport network (km).

Freight enterprise 1 Freight enterprise 2 Freight enterprise 3
Shipper 1 140 190 65
Shipper 2 210 175 125
Shipper 3 190 240 105
Consignee 1 325 320 370
Consignee 2 350 320 335
Consignee 3 345 320 340
Consignee 4 355 320 365
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Figure 3: /e integrated cost of the small bulk cargo transport network.
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freight enterprise 2 and by shipper 3 via the first freight
vehicle of freight enterprise 2. In the selection of rail
transport, the cargoes received by shipper 2 are those
transported by shipper 2 via the first freight vehicle of freight
enterprise 3 and by shipper 3 via the third freight vehicle of
freight enterprise 3.

4.3. Green Transport Optimization for the Large Bulk Cargo
TransportNetwork. A large bulk cargo network consists of 5
shippers, 5 freight enterprises, and 6 consignees. After

receiving the bulk cargo provided by the shipper, the freight
enterprise in the network can choose two main transport
modes, road and rail transport, to transfer the bulk cargo to
the consignee, and the shipper has three vehicles under each
transport mode to perform the delivery task. /e related
operation andmanagement data of each node of the logistics
network are shown in Table 9.

/e shipper contracts bulk cargo transport to the cor-
responding freight enterprises and chooses the road and rail
transport modes to transport the cargo to the consignee
according to the actual situation. /e distances between the
nodes are shown in Table 10.

Combining the above data, this paper assumes that the
supply and demand of each shipper and consignee and the
circulation of bulk cargoes are as shown in Table 11.

After the MATLAB evolution algorithm, the integrated
cost of road and railway transport of the large bulk cargo
transport network in a limited time is shown in Figure 5.
When the fourth-party logistics service is not selected, the
integrated cost of the road transport network is 1,226,300
yuan, and the integrated cost of the railway transport net-
work is 824,180 yuan. When selecting the fourth-party lo-
gistics service, the integrated cost of the road transport
network is 1,203,100 yuan, and the integrated cost of the
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Figure 4: /e integrated cost of the medium bulk cargo transport network.

Table 7: Circulation of cargoes at supply and demand points in the medium bulk cargo transport network.

Consignee 1 Consignee 2 Consignee 3 Consignee 4
Shipper 1 0 600 0 400
Shipper 2 500 0 200 300
Shipper 3 300 400 450 0

Table 8:/e flow of supply and demand points in the medium bulk
cargo transport network.

Road transport route Rail transport route
Consignee Route flow Consignee Route flow
1 2⟶2⟶1 (3) 1 2⟶3⟶1 (3)
1 3⟶2⟶1 (3) 1 3⟶3⟶1 (3)
2 1⟶2⟶2 (2) 2 1⟶3⟶2 (1)
2 3⟶3⟶2 (2) 2 3⟶3⟶2 (3)
3 2⟶3⟶3 (2) 3 2⟶2⟶3 (2)
3 3⟶3⟶3 (1) 3 3⟶3⟶3 (1)
4 1⟶2⟶4 (2) 4 1⟶2⟶4 (3)
4 2⟶2⟶4 (2) 4 2⟶2⟶4 (1)

Journal of Advanced Transportation 11



railway transport network is 808,520 yuan. Besides, in the
medium bulk cargo transport network, the carbon emissions
from road transport are 64.0 tons, and the carbon emissions
from railway transport are 13.2 tons. Promoting the transfer
of transport methods from road to railway can reduce
carbon emissions by 79.38%.

Table 12 shows the route flow of different consignees
receiving the products sent by the shipper in the form of
road and rail transport.

4.4. Algorithm Performance Analysis. /e algorithm is
implemented using MATLAB R2018a programming. In order
to verify the algorithm performance, this paper defines the
relevant performance parameters of the algorithm. /e

algorithm runs 100 times, BESTrepresents the best solution of
100, BAD the worst solution, MEAN represents the average
value, and TIME represents the average time consumed by the
algorithm once. We solve large, medium, and small rail
transport networks using traditional PSO and IPSO, respec-
tively. /e results of the algorithm comparison are shown in
Table 13.

It shows that both PSO and IPSO can more effectively
solve the problems for the three cases of different scales. For
small logistics networks, both algorithms obtain better so-
lutions quickly. However, with the increase of the logistics
network, the IPSO has gradually shown higher stability than
the traditional PSO. By comparing the logistics networks of
three scales, it can be found that IPSO consumes less time
and has higher stability of the solution than PSO. It means

Table 9: Parameter of the large bulk cargo transport network.

Parameter description Parameter Value Parameter description Parameter Value

Transport capacity of each vehicle Qk 1000 t Number of vehicles in each
freight enterprise K 3

Transport capacity of freight enterprise 1 G1 1800 t Cargo required by consignee 1 S1 800 t
Transport capacity of freight enterprise 2 G2 1900 t Cargo required by consignee 2 S2 1000 t
Transport capacity of freight enterprise 3 G3 2000 t Cargo required by consignee 3 S3 650 t
Transport capacity of freight enterprise 4 G4 2100 t Cargo required by consignee 4 S4 700 t
Transport capacity of freight enterprise 5 G5 1700 t Cargo required by consignee 5 S5 1100 t
Freight volume from shipper 1 D1 3000 t Cargo required by consignee 6 S6 1000 t
Freight volume from shipper 2 D2 2850 t Freight volume from shipper 4 D4 3200 t
Freight volume from shipper 3 D3 3500 t Freight volume from shipper 5 D5 2700 t

Road handing capacity of freight enterprise 1 W1 2000 t Rail handing capacity of freight
enterprise 1 W1′ 2500 t

Road handing capacity of freight enterprise 2 W2 2100 t Rail handing capacity of freight
enterprise 2 W2′ 2600 t

Road handing capacity of freight enterprise 3 W3 2200 t Rail handing capacity of freight
enterprise 3 W3′ 2600 t

Road handing capacity of freight enterprise 4 W4 2200 t Rail handing capacity of freight
enterprise 4 W4′ 2700 t

Road handing capacity of freight enterprise 5 W5 1800 t Rail handing capacity of freight
enterprise 5 W5′ 2400 t

Information transaction cost of traditional
transportation network CI 11000 yuan Opening cost of fourth-party

logistics service H 30000 yuan

Unit road transport costs of enterprises cijkn
165.93 yuan/t

× km
Unit rail transport costs of

enterprises cijkn
′ 110.62 yuan/t

× km

Table 10: /e distance between nodes in the large bulk cargo transport network (km).

Freight enterprise 1 Freight enterprise 2 Freight enterprise 3 Freight enterprise 4 Freight enterprise 5
Shipper 1 140 190 65 220 90
Shipper 2 210 175 125 150 185
Shipper 3 190 240 105 70 165
Shipper 4 145 165 90 95 180
Shipper 5 155 75 130 100 195
Consignee 1 325 320 370 310 370
Consignee 2 350 320 335 315 375
Consignee 3 345 320 340 330 370
Consignee 4 355 320 365 325 385
Consignee 5 330 320 380 305 390
Consignee 6 300 320 365 300 395
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that compared with PSO, IPSO can solve the proposed
problem faster and more accurately, showing the improved
method’s effectiveness.

4.5. Comparison of Results. By comparing the costs of large,
medium, and small bulk cargo logistics networks under road
and rail transport conditions, this paper investigates the
effect of low-carbon emission reduction effect of railway
transport on road transport under different conditions of
low-carbon emissions. /e results are shown in Table 14.

From the above, in the small, medium, and large bulk
cargo transport networks, the integrated cost of rail trans-
port is lower than that of road transport, which plays the role
of cost optimization. From the perspective of the benefits of
the transport network, with the continuous expansion of the
bulk cargo transport network’s scale, the cost optimization
rate of the transfer of bulk cargo from road transport to rail
transport has gradually increased. From the perspective of
the fourth-party logistics, when the bulk cargo transport
network is small, the integrated cost of the transport network
using fourth-party logistics is more than the integrated cost

Table 11: Circulation of cargoes at supply and demand points in the large bulk cargo transport network.

Algorithm Consignee 1 Consignee 2 Consignee 3 Consignee 4 Consignee 5 Consignee 6
Shipper 1 0 600 0 400 0 300
Shipper 2 500 0 200 300 250 0
Shipper 3 300 400 450 0 0 400
Shipper 4 400 0 0 300 450 500
Shipper 5 0 0 350 450 500 0

Table 12: /e flow of supply and demand points in the large bulk
cargo transport network.

Road transport route Rail transport route
Consignee Route flow Consignee Route flow
1 2⟶1⟶1 (2) 1 2⟶2⟶1 (1)
1 3⟶1⟶1 (3) 1 3⟶4⟶1 (3)
1 4⟶2⟶1 (3) 1 4⟶1⟶1 (2)
2 1⟶2⟶2 (3) 2 1⟶4⟶2 (2)
2 3⟶4⟶2 (1) 2 3⟶1⟶2 (3)
3 2⟶4⟶3 (2) 3 2⟶4⟶3 (2)
3 3⟶2⟶3 (3) 3 3⟶2⟶3 (1)
3 5⟶3⟶3 (3) 3 5⟶4⟶3 (2)
4 1⟶4⟶4 (2) 4 1⟶2⟶4 (3)
4 2⟶4⟶4 (1) 4 2⟶4⟶4 (3)
4 4⟶2⟶4 (2) 4 4⟶1⟶4 (1)
4 5⟶1⟶4 (1) 4 5⟶1⟶4 (3)
5 2⟶4⟶5 (2) 5 2⟶2⟶5 (1)
5 4⟶1⟶5 (1) 5 4⟶4⟶5 (3)
5 5⟶3⟶5 (1) 5 5⟶1⟶5 (1)
6 1⟶3⟶6 (2) 6 1⟶2⟶6 (1)
6 3⟶4⟶6 (1) 6 3⟶2⟶6 (2)
6 4⟶3⟶6 (3) 6 4⟶4⟶6 (1)
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of the transport network not using fourth-party logistics.
With continuous expansion, the cost optimization benefits
brought by fourth-party logistics gradually increase, sur-
passing the transport network that does not use fourth-party
logistics. From the perspective of low-carbon emissions, in
various transport networks with the same conditions, the
carbon emissions generated by the implementation of
railway transport are reduced by about 80% compared to the
carbon emissions generated by road transport, which shows
that the promotion of bulk cargoes from roads to railways
transfer can play an essential role in reducing costs and
emissions.

In summary, combining fourth-party logistics with green
transport of bulk cargoes is more suitable for more extensive
transport networks and transferring bulk cargo transport from
road to railway. It is possible to significantly reduce the in-
tegrated cost and carbon emissions of bulk cargo transport
networks./is shows that with the continuous expansion of the
logistics network, the optimization benefits of rail transport for
the optimization of integrated costs continue to increase, and
the energy-saving and emission reduction effects are very re-
markable. Using the fourth-party logisticsmode to promote the
“road to rail” of bulk cargo under low-carbon emission con-
ditions can sufficiently reduce the integrated cost of the logistics
network.

5. Conclusions and Discussion

At present, China’s economy has changed from a high-
speed growth stage to a high-quality development stage,

and the people’s attention to the sustainable development
of the transportation industry has gradually increased.
With the changes in national policies and the adjustment
of the transport structure, railways should actively in-
crease their transportation capacity to reduce carbon
emissions from the transportation industry and promote
green transport.

/is paper discusses the optimization of bulk cargo
green transport through fourth-party logistics. In the
process of combining the rail transport of bulk cargoes
with fourth-party logistics, this paper draws the following
conclusions. (1) /e fourth-party logistics guides the
transfer of cargo from road transport to rail transport,
which can effectively reduce carbon emissions and
transport costs. (2) Fourth-party logistics is more suitable
for large-scale bulk cargo transport networks and has
lower benefits for small-scale bulk cargo transport net-
works. (3) /e particle swarm optimization algorithm is
improved. It can be found that IPSO consumes less time
and has higher stability of the solution than PSO.

/is paper mainly considers the transport mode selection,
energy saving and emission reduction, and cost optimization
benefits of the fourth-party logistics for the green transport of
bulk cargoes. However, the optimization of the “first and last
kilometre” of rail transport under the fourth-party logistics has
not been further solved. In addition, this paper does not in-
corporate reverse logistics into the bulk cargo green transport
network. In future research, this paper will further optimize the
model and theory, on the one hand, to solve the “first and last
kilometre” problem in the fourth-party logistics model of bulk

Table 13: PSO and IPSO performance in bulk cargo transport networks of different sizes.

Network scale Algorithm BEST BAD MEAN TIME

Small PSO 127,330 127,330 127,330 9.0721
IPSO 127,330 127,330 127,330 7.2899

Medium PSO 366,820 372,820 366,880 13.0755
IPSO 366,820 366,820 366,820 12.2844

Large PSO 824,180 837,180 824,960 21.2474
IPSO 824,180 837,180 824,440 20.1656

Table 14: Effect in bulk cargo transport networks of different sizes.

Network
scale

4PL
service

Transport
mode

Integrated cost
(yuan)

Cost optimization rate
(%)

Carbon emissions
(ton)

Carbon emission optimization
rate (%)

Small
No Road 187210 31.96 1020

80.39Railway 127330 200

Yes Road 198700 29.93 510
Railway 139230 100

Medium
No Road 540260 32.10 2920

79.45Railway 366820 600

Yes Road 546800 31.51 1460
Railway 374520 300

Large
No Road 1226300 32.79 6400

79.38Railway 824180 1320

Yes Road 1203100 32.80 3200
Railway 808520 660
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cargo and, on the other hand, to explore the optimization of
many-to-many reverse logistics under the fourth-party
transport network by adding reverse logistics on the basis of the
existing model.
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