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Abstract: With the deepening of the concepts of “sustainable development”, green supply chain
management has gradually been attached great importance by the government and enterprises.
Based on the green supply chain management method, this paper studies the path optimization
of industrial hazardous waste treatment transportation in environmental protection enterprises,
aiming at the green purchasing link, in order to realize the management of the green purchasing of
environmental enterprises linked to green production under the green supply chain management
which integrates green purchasing, hazardous waste storage and green disposal.

Keywords: green supply chain management; transportation and treatment of hazardous wastes;
path optimization

1. Introduction

As the largest developing country in the world, China’s economy has been growing
continuously in the early 21st century. In recent years, the pace of growth has begun to
slow down. From 2010 to 2018, the GDP growth rate has gradually fallen from 10.64% to
6.57% (The data source: https://www.kylc.com/stats/global/yearly_per_country/g_gdp_
growth/chn.html accessed on 1 April 2021) In a long period of time, China’s economy has
made a breakthrough growth with the advantage of low-cost, followed by environmental
damage and waste of resources. Today, China’s economic growth mainly comes from the
manufacturing sector, and China’s manufacturing exports account for 17.39% of GDP, With
the development of the concept of “green” in the world, the concepts of “a community
of shared future for mankind” and “lucid waters and lush mountains are invaluable
assets” are put forward, and a large number of environmental protection enterprises have
adopted the green concept throughout their business processes and implemented the
green supply chain management mode to realize their social responsibilities and improve
their core competitiveness. However, due to the immature development of green supply
chain management (GSCM) in China, green realization in hazardous waste transportation
has been neglected in the process of purchase, management and production. In 2018,
China’s 200 large and medium-sized cities produced nearly 1.55 billion tons of general
industrial solid waste and about 46.43 million tons of industrial hazardous waste. In the
process of industrial hazardous waste treatment, we should pay attention not only to its
disposal and recovery, but also to its environmental pollution and energy consumption
during transportation. In 2018, the combined utilization of general industrial solid waste
amounted to 860 million tons, disposal 390 million tons, storage 810 million tons and
dumping 46,000 tons. The comprehensive utilization of general industrial solid waste
accounts for 41.7% of the total amount of utilization and disposal, and the disposal and
storage accounts for 18.9% and 39.3% respectively, the comprehensive utilization amount of
industrial hazardous waste was 23.673 million tons, the disposal amount was 24.825 million
tons and the storage amount was 5.624 million tons. Comprehensive utilization of industrial
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hazardous waste accounts for 43.7% of the total utilization and disposal, while disposal
and storage account for 45.9% and 10.4% respectively. Effective utilization and disposal is
the main way to deal with industrial hazardous waste, and some cities have made effective
utilization and disposal of historical hazardous waste [1]. From the above data shows
the strong ability of waste treatment in China but still need to further improve the waste
processing efficiency, therefore, transport of dangerous waste in time, solve the collection
point, stranded, alleviate waste storage point load, reduce the subsequent points, collecting
waste storage environment pollution problem, realize the processing, transportation and
storage to green in three stages: coordination need to be addressed.

2. Literature Review

According to the value chain model [2] proposed by Professor Poter of Harvard
Business School, supply chain management is an essential enterprise business process
model [3], which plans, organizes, coordinates and controls all links of enterprise pro-
curement, product processing, product design and packaging, storage, transportation and
sales, and has achieved the management objectives of shortening product development
cycle, reducing inventory, reducing costs and improving inventory turnover rate [4]. Green
supply chain management is to integrate the green concept into every link of supply chain
management and consider the environmental impact of every link. In order to achieve
the enterprise in the process of supply chain management, environmental protection and
economic benefits of win-win. Enterprises in the implementation of green supply chain
management mainly include the following contents: green procurement management,
green design, green production, green packaging and green marketing. Among them,
green design, green production and green packaging can also be called internal green
management of enterprises [5].

In recent years, scholars at home and abroad have focused on the issues related to
green supply chain management from two perspectives: the relationship between green
supply chain management and enterprise performance, and the green procurement link in
green supply chain management methods, and the research on related issues related to sup-
plier selection. Murat Kucukvar, Gokhan Echilmez and Omer Tatari established a hybrid
life cycle assessment model based on economic input and output for construction waste
disposal, quantifying the overall environmental impact of different waste management
methods, such as recycling, conventional landfill and incineration.The analysis results
show that the recycling of ferrous and non-ferrous metals can produce significant carbon
contribution, which fully verifies the effectiveness of green procuremen [6]. From the
perspective of integrated supply chain, Wenfei Xia, Baizhou Li, and Shi Yin discussed the
influence of technological innovation and partner selection on the management form and
various links of green supply chain in green building materials industry, and concluded
that the choice of partner was an important factor affecting green supply chain [7]. With
more and more enterprises adopting green supply chain management, the measurement
of supplier performance and company environmental performance in green supply chain
has become the focus of scholars.Ke-Qin Wang, Hu-Chen Liu, Liping Liu 3 and Jia Huan
have developed an integrated MMCM cloud-based and QualiFlex (Qualitatively Flexible
Multicriteria Approach) model to evaluate companies’ environmental performance accord-
ing to economic and environmental criteria. In this method, the language description of
performance evaluation is transformed into an alternative scheme with selection criteria,
and the linear model is used as a reference for automobile enterprises to choose the best
green supplier, which enhances the rationality of green procurement and the effectiveness
of supplier selection [8]. At the same time, Blanka Tundys and Tomasz Wi’ Sniewski also
proposed similar methods and tools for green environmental performance measurement [9].
MD. Rabbi 1, Syed Mithun Ali and other scholars put forward a probabilistic model based
on Bayesian belief network (BBN) to predict the performance of green supply chain, put
forward 11 performance indicators, and investigated the influence of these indicators on
the decision-making of managers and practitioners [10]. The scholars’ discussions above
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focus on how to evaluate the performance of green supply chain management, instead
of focusing on the specific practice of this management mode in the digital age. This
paper mainly discusses the green procurement management of environmental protection
enterprises, namely the green management of environmental protection enterprises in the
hazardous waste transportation and treatment link.

On the construction of hazardous waste transport model, many scholars have estab-
lished the research foundation. Wan Fengjiao, Zhang Qingnian and other scholars have
established a multi-objective integer programming model, whose mathematical model
uses tabu algorithm and ant colony algorithm to establish a two-stage hybrid heuristic
algorithm, and solves the positioning problem by using tabu search algorithm. Then, the
ant colony algorithm is embedded in the framework of tabu search, and a better trans-
portation route is obtained according to the determined positioning scheme. The total cost
of the LRP problem obtained is used as the evaluation index of the solution. The main
advantage of this model is that it comprehensively considers the three objectives of the min-
imum total cost, the minimum risk and the maximum risk equity. However, the algorithm
path optimization is not accurate enough and no application cases are given. Therefore,
the model is difficult to practice [11]. He Zhenggang and other scholars considered the
influence of time-varying conditions on the transportation accident rate, established a
multi-objective decision-making model of hazardous waste transportation with arrival
time constraints, considering transportation cost and transportation risk, and transformed
the multi-objective problem into a single objective problem by linear weighting. Although
this method considered two conditions of transportation cost and transportation risk, it
considered less environmental problems [12]. Aiming at the problem of network design
of dangerous goods closed-loop supply chain, Ma Hongguang constructed a two-stage
stochastic programming model by using enumeration algorithm and genetic algorithm,
and comprehensively considered the transportation cost and risk, but did not provide
specific basis and measurement standard for the determination of linear weighting coeffi-
cient adopted therein [13]. Comprehensive described above, the present scholars mainly
on the transportation of dangerous goods issue to consider is transportation risk and
transportation cost, each have differences in model construction and algorithm, but no
scholars to carry hazardous waste transportation problem and the combination of green
supply chain management, comprehensive consideration of various factors such as cost,
risk and environment friendly.

Based on green supply chain management approach, with some environmental protec-
tion enterprise in Henan province as an example, to build the enterprise waste transporta-
tion processing model, vehicle path planning problem was applied to the processing of the
environmental protection enterprise waste transfer, thus effectively improve the efficiency
of waste processing, precision for environmental protection enterprises allocate resources
and realize the hazards with three link harmonious and unified operation, transportation
and storage, It provides the basis for realizing the green management ability of hazardous
waste in environmental protection enterprises. This model mainly uses the GTA hybrid
algorithm dominated by genetic algorithm and tabu algorithm. Its main advantage is that
the superposition of tabu algorithm and genetic algorithm can accelerate the convergence
efficiency of the algorithm. With the increase of iteration, the optimization ability of local
hazardous waste transportation can be enhanced, and the transportation path optimization,
cost and other issues can be comprehensively coordinated.

3. Transport and Disposal Model of Hazardous Waste in Environmental Protection
Enterprises Based on Green Supply Chain Management Model

At present, the annual output of general industrial solid waste in Nanyang City of
Henan Province is 4.3784 million tons.

According to the latest data from the Environmental Protection Bureau of Nanyang
City, Henan Province, the comprehensive utilization and disposal volume of Nanyang
City is about 3,779,600 tons. However, due to the location of hazardous waste storage
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points, limited reserves and low transportation efficiency of hazardous waste, the treatment
efficiency of hazardous waste in Nanyang City still needs to be further improved.

The main issues are as follows:
Firstly, the daily output of hazardous waste is large. The same waste contains a

variety of hazardous wastes, which need to be collected and classified, with low transport
efficiency and lagging treatment.

Secondly, hazardous waste storage sites require high storage facilities, and for envi-
ronmental protection enterprises, the construction cost of storage sites is high.

Once built and put into use, it will be difficult to make changes.
According to the above problems, this article is based on green supply chain man-

agement method, in view of the hazardous waste transfer point location, transportation,
building the environmental protection enterprise in purchasing green transportation of
hazardous waste processing model, aims to improve the efficiency of hazardous waste
disposal, avoid the secondary pollution of the environment, the formation of purchasing-
transportation-storage-transportation-processing or purchasing-transportation-treatment
of coordinate process more efficient operation.

Finally, a management structure linking green procurement of environmental protec-
tion enterprises to green production is formed under the requirements of green supply
chain management integrating information technology and big data, including green
procurement of environmental protection enterprises, green storage of hazardous waste
storage points and green disposal of enterprises. As shown in Figure 1:
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Figure 1. Environmental protection enterprise hazardous waste green treatment transport model.

Model mainly involves three problems: the waste collection and storage location,
transport route planning and the construction of transportation information processing
platform, the information platform construction mainly USES the means of data exchange,
using the information technology of hazardous waste from the factory to waste disposal
point to track the whole process of data management, data updated in real time, improve
the efficiency of enterprise internal and external linkage.

As for the location of storage points, classification collection points and transit route
planning, due to the diverse types of hazardous wastes, the wide range of involved and



Sustainability 2021, 13, 5215 5 of 19

the need to consider the impact on the transportation surrounding environment in the
selection of transportation routes, this paper adopts algorithm research in the selection of
path, classification collection points and storage points.

At present, the main algorithm research mainly includes ant colony algorithm, simu-
lated annealing algorithm and genetic algorithm.

Ant Colony Algorithm (ACO) has been widely used in Deppon Logistics’ route
planning for distribution vehicles, and has been continuously optimized and improved
with the rapid increase of business volume [14].

The simulated annealing algorithm (SA) was applied to the material distribution path
planning of Yonghui Supermarket in Xiamen. After solving the algorithm, the path scheme
was shortened from the initial random scheme of 131.29 km to the optimal solution of
71.294 km, which greatly reduced the logistics distribution cost [15].

When it comes to the path planning of slap-hanging transportation, the tabu search
algorithm (TS) is used to improve the randomly generated initial solution, so as to improve
the vehicle operation efficiency and reduce the operating cost of enterprises [16].

It can be seen from previous studies that several algorithms have been widely used
in path selection and optimization, but they have great differences in global convergence,
high efficiency and applicability for different transportation goods.

The main differences of the three algorithms are shown in Table 1:

Table 1. Comparison of the three algorithms.

Global Convergence High Efficiency Applicability

GA
The search space is wide and the
possibility of obtaining the global

optimal is large

Low, low convergence efficiency,
especially in the late stage may be
“precocious” further reduce the

convergence efficiency

High, applies to most models and
many problems that cannot

be modeled

SA Low, the result is likely to be
non-globally optimal High

Low, because it is easy to fall into
local optimum, generally not

used alone

ACO Is higher, it is possible to get
global optimization

Low, the lack of “pheromone” in the
early period of convergence is slow

High, has a strong applicability for
graphical problems, some problems

can be transformed into
graphical problems

TA
Low, sensitive to initial value and
difficult to jump out of the trough
and easy to fall into local optimum

Rely on tabu table convergence speed
is fast

Low, not suitable for complex
optimization problems

Through the comparison of the three heuristic algorithms, from the perspective of
applicability of a single algorithm, genetic algorithm has obvious advantages in global
convergence, and it is easy to combine with other algorithms, which is the most applicable
basic algorithm in this study. However, the convergence speed of genetic algorithm is
slow. Therefore, this paper adopts tabu search algorithm (TS) to accelerate the convergence
efficiency of genetic algorithm. Tabu search algorithm (TS), as an improvement of mountain
climbing algorithm, has a good ability to solve local optimization problems. The path
planning model of this study mainly consists of three parts.

(1) According to the existing environmental assessment standards and related parameters,
the exclusion cannot be used as the site selection of hazardous waste collection and
classification points and storage points, so as to determine the address of the final
transit storage point.

(2) Establish a two-path planning model consisting of hazardous waste generation point-
> hazardous waste collection and classification point-> hazardous waste transfer
storage point-> hazardous waste disposal point, hazardous waste generation point->
hazardous waste transfer storage point-> hazardous waste disposal point.

(3) According to the path planning model, the algorithm is used to optimize the model,
which not only improves the efficiency of hazardous waste transport in environmental
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protection enterprises, but also promotes the green management of hazardous waste
in procurement-disposal.

Taking an environmental protection enterprise in Nanyang City, Henan Province
as the research object, this paper optimized the path of its main business of industrial
hazardous waste collection and transportation, and expected to spread the method to the
national hazardous waste treatment enterprises and improve the national hazardous waste
treatment efficiency.

4. Requirements and Site Selection of Hazardous Waste Collection and Classification
Points and Transit Storage Points

In 2001 and 2013, China’s ecological environment department promulgated and
revised the Standard for Pollution Control of Hazardous Waste Storage (GB 18597-2001).
The document pointed out that “in the environmental impact assessment of hazardous
waste centralized storage facilities, the leakage of harmful substances, the generation
and diffusion of atmospheric pollutants (including malodorous substances) and possible
accident risks that may occur in hazardous waste centralized storage facilities should be
considered. According to the type of environmental functional area in the area where it is
located, comprehensively evaluate its impact on the surrounding environment, the health
of the residents, daily life and production activities, and determine the centralized storage
facilities of hazardous wastes and the residential places of permanent residents, agricultural
land, surface water bodies and other sensitive objects. Reasonable positional relationship.”

Therefore, in this paper, combined with the environmental assessment impact policy
of the Ministry of Ecology and Environment for hazardous waste storage facilities, taking
the safety protection distance of unorganized sources as the standard, the geographical
information system (Geographic Information System or Geo–Information system, GIS), is
used to eliminate the areas in Nanyang City, Henan Province that are not suitable for the
construction of hazardous waste transfer storage points [17].

According to the relevant regulations of Technical Methods for Formulating Local
Air Pollutant Generation Standards (GB/T13201-91), the safety protection distance of
unorganized sources can be calculated by the following Equation:

Qc

Cm
=

1
A

(
BLC + 0.25r2

)0.50
LD

In Equation x, QC is unorganized emission of pollutants, kg/h. Cm is standard
concentration limit of pollutants, mg/m3. L is health protection distance, m, r is equivalent
radius of production unit, m. A, B, C, D is calculation coefficient of health protection
distance, dimensionless, selected according to the average wind speed in the area where
industrial enterprises are located in recent five years and the composition category of air
pollution sources of industrial enterprises; QC is the control level that can be achieved by
the unorganized production of harmful gases in industrial enterprises.

Once it is ruled out to determine the inappropriate setting area of temporary transit
storage by calculation and combining with relevant laws, regulations and policies, all other
areas in this area are considered to be suitable for the location of temporary transit storage.
According to the following steps, several candidate areas are selected for a demonstration
community in the simulation area for simulation:

(1) If there are one or more industrial areas within the boundary of the city, the candidate
area is located in the area where the amount of hazardous waste is concentrated, and
it is the farthest area from the living area for site selection. In this area, it is necessary
to follow the principle of proximity and consider the area with as few operators as
possible in the industrial area.

(2) If there is no complete industrial zone in the scattered places of hazardous waste
producing enterprises, select the area closest to the main hazardous waste producing
enterprises in the appropriate areas according to the principle of proximity.
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5. The Establishment of Industrial Hazardous Waste Transport Route Planning Model
5.1. Model Structure

Although they are both hazardous wastes, due to the nature and location of hazardous
waste production and the variety of hazardous wastes produced by enterprises in some
regions, enterprises in some regions produce a single type of hazardous wastes, but the
number of hazardous wastes produced is small and the distribution density is low, while
enterprises in other regions are relatively concentrated, but there are many types of haz-
ardous wastes. According to the business scope of the company and the characteristics of
waste disposal enterprises in Nanyang, Henan Province, this paper plans the transportation
of hazardous waste in this enterprise by adopting dual paths.

Based on the above characteristics, as shown in Figure 2 above, the industrial haz-
ardous waste is divided into two transportation routes before transportation at the transfer
storage site: the hazardous waste is directly transported to the disposal site, and the indus-
trial hazardous waste is transported to the nearest transfer storage site. After the disposable
resources are optimized and integrated in the transit storage place, the hazardous wastes
are transported to the disposal points in an orderly manner for disposal. The idealized
process and assumptions of model establishment are as follows:

(1) the address of the transfer storage point has been at a better level according to the
processing position in the first step

(2) The address and daily output of hazardous waste generating enterprises are stable,
which is directly proportional to the scale of hazardous waste generating enterprises

(3) For the same hazardous waste generation enterprise, it is only transported to one
transit storage point, and the two routes are separated and do not affect each other

(4) The distance used in the model is Euclidean distance, and the transportation cost is
only proportional to the distance.
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5.2. Optimization Model Function Processing

Collect the distance aij between classification points I and j, the distance bij between
classification point industry I and transfer storage point j, the distance cij between haz-
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ardous waste generating enterprise I and transfer storage point j, the distance di between
transfer storage point I and disposal point, transfer storage point I, the actually received
hazardous waste is si, the maximum capacity c of transport vehicles, the rated capacity c
of transport vehicles and the maximum capacity ri of transfer storage point I, The rated
capacity Ri

′ of transfer storage point I, the number Si of hazardous wastes collected by
centralized storage point I, the number Hi of hazardous wastes produced by enterprises
I, the number m of collection and classification points, the number n of transfer storage
points and the number k of hazardous waste producing enterprises.

S(i, j) =
{

aij j ∈ (0, M]
bi(−j) j ∈ [−N, 0)

(1)

H(i, j) = cij (0 < i ≤ K, 0 < j ≤ N) (2)

f (s) = kh·HRoad + ks·SRoad + ke·Empty + km MRoad (3)

Road == KH(, ). (4)

SRoad =
M

∑
i=1

S(i, j) + Head (5)

Empty =
∑N

i=1 Ri−∑M
i=1 Si−∑K

i=1 Hi

∑N
i=1,si 6=0 Ri

∗ N (6)

MRoad =
N

∑
i=1 ,si 6=0

di (7)

∑ amn < C (8)

si ≤ Ri (9)

aim = argmin
s

f (s) (10)

Explanation of Formula: Equations (1) and (2) indicate where hazardous waste and its
transit storage truck will be transported to the next station. In Equation (2), j < 0 indicates
the hazardous waste generation point to the transit storage point, and j > 0 indicates
the hazardous waste generation point to the collection and classification point. Equation
(3) represents the cost of the whole model, including the distance from hazardous waste
generation point to storage point, distance from collection and classification point to storage
point, distance from transfer storage point to collection and classification point, and the
difference between the theoretical number and actual number of transfer storage points,
which can be used to express the effective utilization rate of transfer storage points. kh, ks, ke,
km is a constant, indicating the weight of each cost in the total cost Equations (4)–(7) are the
calculation Equations of a specific cost, in which Equation (5) also calculates the distance
from the storage point to the collection and classification point, which is represented by
Head in this paper, and the specific calculation is realized by algorithm; Equations (8) and
(9) are the limiting conditions of the Equations, and the specific Equations are the same as
above. Equation (8) is that one transport cannot exceed the maximum transport capacity of
the transport vehicle; The Equation (9) is that the hazardous waste stored in the transfer
storage point cannot exceed the maximum capacity of the storage point; Equation (10) is
the objective function that needs to be optimized in this paper, so as to find the route S and
make the transportation cost as small as possible.

6. Add GTA Hybrid Algorithm Optimization Model

At present, the commonly used method for solving multi-objective nonlinear pro-
gramming problems is genetic algorithm, which is easy to implement, has strong global
searching ability, and has good universality and robustness. However, genetic algorithm
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also has the disadvantages of slow convergence speed and easy to fall into “premature”.
Therefore, this paper improves the genetic algorithm by combining the local searching
ability of tabu search algorithm with the global searching ability of genetic algorithm to
improve the accuracy and efficiency of the algorithm. Then its GTA hybrid algorithm is
used to optimize this model. The flow chart of the algorithm is shown in the following
Figure 3:
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The GTA hybrid algorithm flow is as follows:

(1) coding. This paper plans to set up three chromosome coding path optimization
models. A chromosome is used to encode the hazardous waste from the production
point to the intermediate storage point. The distance from the classification point of
hazardous waste collection to the transfer storage point is coded by two chromosomes.
Among them, the encoding mode of hazardous waste generation points to transit
storage points is an array G1, the ith element in the array represents the ith hazardous
waste generation point, and the value of the ith element (G1[i]=j) represents that
hazardous waste of a hazardous waste generation enterprise is transported to the jth
transit storage point. For example, the gene chain (1, 3, 5, 1, 2, 4, 2) indicates that a total
of seven hazardous waste producing enterprises were transported to the No.1351242
transit storage point. The coding mode from collection and classification points to
transit storage points is two arrays G2 and G3, in which G2 chromosome has the same
action with G1, which determines which transit storage point the hazardous waste
of each enterprise is finally transported to, and the other chromosome is an array of
floating-point numbers, which determines the transportation order of all collection
and classification points, specifically, the smaller the value, the more priority is given
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to transportation. For example: (1, 2, 3, 2, 1), (0.5, 0.3, 0.2, 0.4, 0.1) In this paper, the first
and fifth collection and classification points are used as examples. Firstly, according
to G2 chromosome, the second fifth collection and classification point is determined
and transported to the No.1 transit storage point, and then because 0.5 < 0.1, it is
preferentially transported 5 and then transported 1.

(2) Initializing the population. According to the coding rules of the previous step and
parameters such as population size, the population is randomly initialized.

(3) Fitness matching. According to f(s), calculate the values of HRoad, SRoad, Empty and
MRoad, and give appropriate weights to calculate the matching degree of each gene.

(4) Natural selection. According to the matching degree of each individual in the popu-
lation calculated above, we select the individual, and here, eliminate the individual
with large cost function value.

(5) Individual reproduction. Individual reproduction is mainly divided into three ways:

1. Direct reproduction, excellent individuals have the chance to pass on genes
directly to the next generation.

2. Cross reproduction, some individuals can pass on genes to the next generation
by exchanging chromosomes

3. Tabu search propagation: Some individuals are optimized by tabu search algo-
rithm, and the optimized genes are passed on to the next generation.

(6) Set the ending conditions. Set the maximum breeding algebra or function optimization
goal, end the function when the goal is reached, and select the best individual in the
population as the solution of this model.

7. Simulation Experiment of 3 GTA Hybrid Algorithm
7.1. Data Preparation

The number of hazardous waste generation points; collection and classification points
and transfer storage points are set as 30; 8 and 6 respectively. The maximum capacity of
waste transport vehicles is set to 150 and the rated capacity is set to 0.7 of the maximum
capacity. The storage capacity of the transfer storage point is set to(300,400) random number,
and the rated capacity is 0.8 of the maximum capacity; The amount of waste collected at
the collection and classification points is(10,30) random number; The generation amount of
hazardous waste generation point is(50,80) random number; In this paper, 30 and 8 points
conforming to Gaussian distribution are used as hazardous waste generation points and
the position simulation of collection and classification points (see Figure 4). The calculated
mean values are all (50 and 50), the variance of collection and classification points is (250
and 250), and the variance of hazardous waste generation points is (500 and 500). In this
paper, the locations of six transit storage points are simulated by random distribution, and
the coordinates of disposal points are set as (10,10).

The location information of the initialization hazardous waste generation point and
the generated hazardous waste are shown in Table 2:

Table 2. Initialize the location of eight hazardous waste generating enterprises and the amount of hazardous waste generated.

Initialize the Positions of Eight Hazardous Waste Generating Enterprises and the Number of Hazardous Wastes Generated

Code of Hazardous Waste
Collection and Classification Point X Coordinate Y Coordinate Quantity of Hazardous Wastes

Generated

H1 23 22 62
H2 11 five 74
H3 45 91 55
H4 35 39 57
H5 69 73 70
H6 50 35 78
H7 19 39 67
H8 60 46 50
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The location information of the initialized hazardous waste collection and classification
points and the generated hazardous waste quantity are shown in Table 3:

Table 3. Initialize the location of 30 hazardous waste collection and classification points and the amount of hazardous
waste generated.

Initialize the Location of 30 Hazardous Waste Collection and Classification Points and the Amount of Hazardous
Waste Generated

Code of Hazardous Waste Collection
and Classification Point X Coordinate Y Coordinate Quantity of Hazardous

Wastes Generated

S1 22 27 19
S2 44 46 15
S3 62 79 18
S4 73 30 17
S5 64 74 11
S6 50 50 16
S7 47 50 19
S8 45 63 12
S9 46 43 16
S10 60 78 13
S11 68 23 23
S12 78 46 27
S13 65 56 12
S14 62 41 10
S15 64 63 11
S16 54 59 24
S17 73 54 29
S18 37 15 27
S19 47 45 11
S20 42 62 21
S21 25 44 14
S22 42 71 25
S23 51 60 19
S24 52 77 14
S25 46 39 15
S26 54 29 13
S27 54 59 28
S28 37 30 11
S29 49 29 21
S30 50 29 20
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Initialize the location of each hazardous waste transfer storage point and its maximum
storage capacity as shown in Table 4:

Table 4. Initialize the location and maximum capacity of the six transit temporary storage places.

Initialize the Location and Maximum Capacity of the Six Staging Temporary Storage Places

Code of Transit
Storage Point X Coordinate Y Coordinate Maximum Capacity

M1 10 71 244
M2 47 96 278
M3 23 57 249
M4 85 20 280
M5 53 62 356
M6 58 34 268

7.2. Determination of the Weights of Parameters, Selection Methods and Fitness Functions in
the Algorithm

In the heuristic algorithm, the parameters of the algorithm are of great significance.
Whether the parameters in an algorithm are suitable or not directly affects the accuracy of
the solution. After many verifications, it is finally decided to use the following parameters:

Genetic algorithm: population size: 1000; Elimination method: roulette; The propaga-
tion modes and their proportions are shown in Table 5:

Table 5. Propagation methods and their proportions.

Reproduction
Mode

Direct
Reproduction

Some Chromosomes Are
Exchanged between Different
Individuals for Reproduction

Optimize
Reproduction by Tabu

Search Algorithm

Generate New
Individuals Directly

and Randomly

Proportion 0.6 0.1 0.2 0.1

This breeding mode has the following advantages: it is propagated by 1 mode, and
1 mode accounts for the majority, which ensures the stability of the population and makes
the optimal solution not jump greatly. 2,3 propagation modes, 2 of which are partial
exchange of local optimal solutions, and 3 are directional search for the best, which is
equivalent to artificial breeding and increases the convergence speed. Moreover, using the
tabu search algorithm to optimize the population may fall into local optimum. Therefore, a
small number of breeding in four ways increases the diversity of the population and avoids
the population falling into local optimum as much as possible.

Determination of each weight of fitness function. After the pretreatment experiment
and the estimation of HRoad, SRoad, Empty and MRoad in this paper, the coefficient points
of these values are kh, Ks, Ke and Km are 1, 0.5, 400 and 1, respectively. It is estimated in
this paper that the average distance from the hazardous waste collection and classification
point to the transfer storage point is 0.3~0.4 of the hazardous waste generation point. The
average waste quantity of collection and classification points is only 1/6~1/5 of that of
hazardous waste generation points. Therefore, the k_s value set in this paper is small. In
addition, if most transit storage points are idle and the utilization rate is low, it means
that this model is not applicable. Therefore, this paper sets the cost function 400 of idle
storage points, which is designed according to the average size of storage points. If this
value is too small, it will cause resource waste, and if the design is too large, it will lead
toTabu search algorithm. In this hybrid algorithm, tabu search is mainly used to optimize
some chromosomes, mainly to optimize local genes to develop in a better direction, so
as to overcome the shortcoming of slow convergence in traditional genetic algorithm. In
this algorithm, the following parameters are mainly included: taboo table length: (5, 5, 7,
7, 7); Taboo step size: 8; Ending method: determine the random number, stop searching
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the optimized chromosome after reaching the random number, and set the number as
(200,200,500,500,500).

Note: The coding method has been described above. Two of them determine the
transfer storage points where hazardous wastes from the collection and classification
points or hazardous waste generation points are transported. The other one determines the
transportation sequence of hazardous waste collection points. The first two chromosomes
have two ways of exchange and direct change, while the last one has only one way of
exchange, so there are five taboo tables in total. Compared with the route of hazardous
waste generation points, the route of hazardous waste collection and classification points
is more complex, so the number of ending points of hazardous waste generation points
and the length of taboo table are also smaller than those of hazardous waste collection and
classification points.

7.3. Initialize the Population

After randomly coding the population, the cost of initializing the population is shown
in Table 6:

Table 6. Cost of initializing population.

Total Cost

Cost of Hazardous
Waste Generation

Point-Transfer
Storage Point

Collect Classification
Point-Transfer

Storage Point Cost

Cost of Transfer
Storage

Point-Hazardous
Waste Disposal Point

Excess Transit
Storage Point

Use Cost

Average value 2739.12 642.31 372.39 364.41 1360.0
Minimum
value 1161.34 505.21 171.75 271.14 0.0

The optimal road map of the initial population (generation 0) is shown in Figure 5 below:
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Among them, the route from the hazardous waste generation point to the transit
temporary storage place and the route from the hazardous waste collection point to the
transit temporary storage place are shown in Figures 6 and 7:
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From the above three figures, it can be seen that in the 0th generation, even the
individuals with the best performance in the population were disorganized, and from
the latter two figures, it can be seen that at this time, the hazardous waste collection and
classification points and production points were not transported to the transit storage
points close to them, and the transportation routes of the collection and classification points
were relatively poor.
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7.4. Training Results and Analysis

After 29 generations of training, the cost of each item is shown in Table 7:

Table 7. Costs after 29 generations of training.

Total Cost
Collect Classification

Point-Transfer Storage
Point Cost

Cost of Hazardous
Waste Generation

Point-Storage Point

Storage
Point-Disposal

Point Cost

Excess Storage
Point Use Cost

Average
value 854.48 337.30 138.45 14.0 14.0

Minimum
value 785.21 290.36 127.98 362.14 0.0

The transportation route map after 29 generations of training is shown in Figure 8:
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Among them, the routes from collection and classification points and production
points to transit storage points are shown in Figures 9 and 10:

According to the road map, when initializing the population, the route between the
collection of classification points, production points and transit storage points is a random
route, but with the increase of iteration times of the algorithm, the road map presents the
following characteristics:

(1) The nearest transit storage point is preferred for transportation at hazardous waste
generating points. In the route map of hazardous waste generating points after the
29th generation training, all hazardous waste generating points have selected the
nearest transit storage point.

(2) Hazardous waste collection and classification points will also give priority to the
nearest transit storage point for transportation, and the polygonal tracks generated
by each optimized transportation route will generally not intersect with each other.



Sustainability 2021, 13, 5215 16 of 19
Sustainability 2021, 13, x FOR PEER REVIEW 17 of 21 
 

 
Figure 9. Roadmap of generation 29 hazardous waste production points. 

 
Figure 10. Circuit diagram of the 29th generation hazardous waste collection and classification 
points. 

According to the road map, when initializing the population, the route between the 
collection of classification points, production points and transit storage points is a random 
route, but with the increase of iteration times of the algorithm, the road map presents the 
following characteristics: 
(1) The nearest transit storage point is preferred for transportation at hazardous waste 

generating points. In the route map of hazardous waste generating points after the 

Figure 9. Roadmap of generation 29 hazardous waste production points.

Sustainability 2021, 13, x FOR PEER REVIEW 17 of 21 
 

 
Figure 9. Roadmap of generation 29 hazardous waste production points. 

 
Figure 10. Circuit diagram of the 29th generation hazardous waste collection and classification 
points. 

According to the road map, when initializing the population, the route between the 
collection of classification points, production points and transit storage points is a random 
route, but with the increase of iteration times of the algorithm, the road map presents the 
following characteristics: 
(1) The nearest transit storage point is preferred for transportation at hazardous waste 

generating points. In the route map of hazardous waste generating points after the 

Figure 10. Circuit diagram of the 29th generation hazardous waste collection and classification points.

We can draw the following conclusions from the average value of each cost in training
and the optimal value polyline (as shown in Figure 11):

(1) With the increase of training times, the average value of each cost decreases continu-
ously, among which the cost functions of hazardous waste generation point-transfer
storage point and collection and classification point-transfer storage point decrease
continuously. The reduction of transfer storage point-disposal point is very slow, and
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the idle degree of transfer storage point is basically in a stable state after the first
generation of reduction. The cost function of the optimal solution drops rapidly at
first, fluctuates slightly up and down after the seventh generation, and finally is in a
dynamic equilibrium state.

(2) Through longitudinal comparison, it can be seen that apart from the change of the
cost of idleness at the beginning, the algorithm mainly optimizes the collection and
classification point-transfer storage point and the generation point-transfer storage
point at other times, and in practice, the difficulty of optimization is also the problem
of transportation path, so this algorithm just hits the point. The route table of training
results is shown in Table 8:

Table 8. Transport route table after 29 generations of training.

Transportation Route Table of Generation 29 after Training

Transfer Storage
Location

Hazardous Waste
Production Site

Hazardous Waste Collection
Site Route

Carrying Rate of
Hazardous Waste

Transport Vehicles

Storage
Site

Capacity

Storage Site
Utilization

M1 H7 M1->S6->S25->S21->S1->M1 0.54 244 0.61

M2 H3 M2->S20->S8->10->S24->M2 0.54 278 0.49

M3 H1 H2 M3->S28->S18->M3 0.39 249 0.79

M4 \ M4->S14->S3->S5->S15-
>S13->M4 0.5 280 0.26

M5 H5
M5->S4->S12->S17->M5 0.64

356 0.67M5->S16->S27->S23->S5 0.48

M6 H4 H6 H8 M6->S9->S2->S19->M6 0.42 268 0.92
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Combined with the route table and road map, this algorithm has some shortcomings
in optimizing vehicle capacity, the average utilization rate of vehicles is only 0.5, and the
average utilization rate of collection and classification points is not high. This paper thinks
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that the reason is that the algorithm mainly optimizes transportation routes, but neglects
the utilization rate of transit storage points and vehicles.

8. Experimental Conclusion

In this simulation experiment, by comparing the transportation route of the first
generation with the transportation route of the last generation, it can be found that the
algorithm can optimize the route, so that the sum of each part of the route is at a low level.
By comparing the average value and the minimum value of the results of each generation,
it can be concluded that the hybrid algorithm converges with the 6th~8th generation.
However, this algorithm also has some problems. Although this algorithm puts emphasize
on the optimal route, it neglects the utilization rate of storage points and hazardous waste
transport vehicles, resulting in a certain waste of resources. In the meantime, it has certain
significance to solve the multi-conditional path planning model and by observing the final
result graph, it can be observed that the result has a certain global optimality.

9. Application Suggestions

Under the background of green supply chain management, based on the classification
of industrial hazardous waste collection points, transit storage location and path optimiza-
tion simulation under the basis of the reach from generation, collection and treatment
of hazardous waste effective collaborative management in different stages of the pilot,
the environmental protection enterprise of industrial hazardous waste disposal link in
procurement procedures and effective digital green management practices. And reduce
the cost of green management. This model is not only applicable to the disposal and
transportation of industrial hazardous wastes, but also applicable to the disposal of other
hazardous wastes and domestic wastes.

10. Future Research Direction

Its deficiency in this paper, based on the above research results, the future will join the
classification of waste collection points, transit storage utilization optimization, considering
traffic, limiting factors such as population density, improve transport links environmental
emergency contingency plans, establish a complete set of effective synergy of hazardous
waste transportation disposal system of supply chain. Further in-depth digital practice of
green supply chain management.

To sum up, this paper thinks that the application of hybrid algorithm in the opti-
mization of echelon route selection of industrial hazardous waste transfer storage and
disposal is effective under certain conditions. First of all, we should pay attention to
the multiple principles of tool, controllability and effectiveness when choosing hybrid
algorithm. Secondly, in terms of meaning acquisition, we should pay attention to the
principles of target management identity, scientific algorithm uses and convenience, so
as to ensure the optimal acquisition in practical application through path optimization
under the hybrid algorithm. Finally, on the road of intelligent development of science and
technology application, we should pay attention to improving the application efficiency
and practical results of comprehensive diversity management, so as to make resources use
effectively, safely and reasonably. The feasibility of the hybrid algorithm further verifies
the effectiveness of the digital practice of green supply chain management, and provides a
reference for the digital green, management of environmental protection enterprises in the
procurement and production links.
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