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Abstract

Taking the domestic waste reverse logistics network in Hefei as the research object, considering 
the multi frequency recycling and vehicle sharing scheduling strategy, a reverse logistics network 
optimization scheme based on the operation cost of the reverse logistics network is proposed. Firstly, 
a reverse logistics recycling operation cost model is constructed, which includes the construction 
cost of reverse logistics infrastructure, equipment maintenance cost, the sum of the transportation 
cost of municipal solid waste and the treatment cost of non-recyclable waste at all levels,  
and a product maximization revenue model of the recycling center is established. Secondly, according 
to the characteristics of the model, a k-means spatio-temporal clustering algorithm considering  
the geographical location of waste transfer stations, recycling frequency and recycling time window  
is designed, and then an improved GA-PSO hybrid algorithm is proposed. The effectiveness of the model 
and algorithm is verified by comparing with HGA, GA-TS and HACO algorithms. Finally, according 
to the actual data of Hefei domestic waste reverse logistics network, the optimization research was 
carried out, and the recycling frequency and vehicle scheduling of transfer stations in different locations 
were analyzed. The results show that the model and algorithm proposed in this paper can carry out 
the optimal selection of recycling cost, resource sharing of recycling vehicles and reasonable vehicle 
routing optimization scheduling, and the operation cost of reverse logistics network is reduced by 8% 
compared with the previous one; As the transportation distance is reduced, the transportation cost  
is greatly reduced, and the treatment efficiency of municipal solid waste is improved.
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Introduction

Ecological civilization marks the civilization 
level of a society. It takes environmental protection as 
the principle and emphasizes sustainable economic 
development [1]. The construction of ecological 
civilization aims to solve the problem of urban waste 
treatment through reduction, harmless and recycling. 
Reduction, recycling and harmless will become an 
inevitable trend of waste treatment [2, 3]. Ecological 
civilization is a valuable experience and wealth 
formed on the basis of harmonious development 
of mankind, and a scientific theory to realize the 
common development of human and environment [4].  
With the acceleration of urbanization, the 
traditional domestic waste recycling network has 
some shortcomings, such as insufficient effective 
classification of domestic waste, unscientific selection 
of domestic waste collection points, unreasonable 
design of domestic waste network transportation lines, 
etc. [5, 6]. The urban domestic waste reverse logistics 
network has the advantages of high measurable 
operation cost and strong information mobility, which 
is helpful for the domestic waste recycling center to 
carry out multi frequency vehicle recycling and shared 
vehicle scheduling for different types of waste [7, 8]. 
Therefore, the study of urban domestic waste reverse 
logistics network is conducive to further improving the 
urban reverse logistics recycling system and promoting 
the construction and sustainable development of an 
environment-friendly society [9].

In terms of pricing decision-making for recycling 
waste, several methods have been developed, including: 
Taking the manufacturer led closed-loop supply chain 
in manufacturing as the research object, the pricing 
of recycled products and the manufacturer’s profit 
under the manufacturer’s self-owned recycling mode 
and outsourced recycling mode are studied [10, 11]. 
Considering the difference in recycling costs between 
traditional recycling and Internet recycling, a pricing 
decision-making model is constructed, and through 
numerical simulation, the impact of various recycling 
factors on recycling pricing and recycling volume is 
analyzed [12, 13]. Aiming at the problem of intelligent 
recycling pricing strategy under the background of 
“Internet recycling”, a recycling model considering 
consumer behavior is established, and it is proposed 
that recycling pricing will directly affect recycling 
volume in a competitive recycling environment [14, 
15]. A game model is built for the pricing decision of 
two-level remanufacturing closed-loop supply chain led 
by recyclers, In the case of two-stage remanufacturing 
and product remanufacturing only, the impact of the 
recycling pricing decision on the recycling quantity and 
the revenue of the recycler is analyzed [16]. Therefore, 
the pricing decision of recycling products has a direct 
impact on the recycling volume, but the impact of 
different recycling pricing strategies on the recycling 
volume of the recycling center and the optimization  

of vehicle routing combined with reverse logistics need 
to be further explored.

There is also some research progress in the reverse 
logistics vehicle routing problem under the intelligent 
recycling mode. It mainly includes: By considering the 
real-time collection status of the intelligent recycling 
box, an improved particle algorithm is designed to 
study the reverse logistics vehicle routing optimization 
problem based on the collection of solid waste in 
the intelligent recycling box [17, 18]. In order to 
maximize the recycling volume of intelligent recycling 
bins and minimize the vehicle transportation cost,  
a reverse logistics vehicle routing optimization model 
is established for different management modes to 
determine the dynamic optimal route [19]. Based on the 
reverse logistics resource sharing mechanism of real-
time information acquisition in the Internet of things,  
a dynamic optimization model of real-time information 
in reverse logistics is established to realize the reasonable 
allocation of recycled vehicles [20]. The vehicle routing 
optimization of reverse logistics is mainly based on the 
pricing of product recycling [21, 22].

Taking Hefei as an example, this study studies the 
optimization of urban domestic waste reverse logistics 
network. This study considers the linear relationship 
between waste recycling quantity and recycling price 
in the reverse logistics network, and proposes a multi 
frequency recycling line design scheme based on 
different recycling pricing strategies and vehicle sharing 
scheduling, Combined with the strong global search 
ability of genetic algorithm and the fast convergence 
speed of particle swarm optimization algorithm, the 
elitist retention strategy between hybrid algorithms is 
designed to enhance the search performance of hybrid 
algorithm. Firstly, the linear function of the distance 
between the transfer station and residents is constructed, 
and then the double objective model of minimizing 
the operating cost of reverse logistics recycling and 
maximizing the product revenue of the recycling center 
is constructed. A GA-PSO hybrid algorithm based 
on K-means spatio-temporal clustering is designed to 
solve the model, and the path optimization problem of 
reverse logistics network is discussed, which provides a 
new research idea for the resource allocation problem of 
reverse logistics network.

Materials and Methods

Study Area

Hefei (116.41°E-117.58°E, 30.57°N-32.32°N) is 
located in East China, central Anhui Province, between 
the Yangtze River and Huaihe River, and the western 
wing of the Yangtze River Delta. The total area  
is 11445 square kilometers. The terrain of Hefei is 
inclined from northwest to Southeast, mainly hilly. 
Hefei has a subtropical semi humid continental monsoon 
climate, with an average annual temperature of 15.7ºC 
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and an average annual precipitation of about 1000 mm. 
According to the statistical yearbook of Hefei, the 
Gross Regional Product of Hefei in 2022 was 1201.31 
billion yuan, an increase of 3.5% over the previous year.  
The permanent population exceeded 9 million, and the 
total amount of urban domestic waste was 2.791 million 
tons. By 2022, Hefei had four districts and four counties 
under its jurisdiction, with one county-level city under 
its custody, including Yaohai District, Luyang District, 
Shushan District, Baohe District, Changfeng County, 
Feidong County, Feixi County, Lujiang County and 
Chaohu City.

Data and Preprocessing

This study obtained the data of municipal solid 
waste from Hefei Ecological Environment Bureau 
(http://zwgk.hefei.gov.cn/public/14011/106651511.html) 
and obtaining administrative division data from China 
National Geographic Information Resources Directory 
Service System (https://www.webmap.cn). The data of 
population density is from the seventh national census 
bulletin of Hefei Municipal People’s government 
(http://www.hefei.gov.cn/xxgk/gsgg/106488113.html) 
This paper selected 11 recycling centers (RC) and 110 
recycling points (R1-R110) in Hefei as the research 
objects. According to the existing literature [23-25] 
and the data obtained through multiple calculations, the 
algorithm parameters in this paper are set as follows: 
population size inn = 110, maximum rank generation 
times of hybrid algorithm Max gen = 300, crossover 
probability Pc = 0.8, mutation probability Pm = 0.2, 
acceleration factor c1 = 3, maximum weight Wmax = 0.6, 
minimum weight Wmin = 0.3, elite rank generation times 
run max = 100, elite individual NN = 30, unit penalty 
coefficient ue = 50 for recovered vehicles arriving at the 
processing center, The unit penalty coefficient for the 
delayed return of recovered vehicles to the treatment 
center is ud = 40, the number of work cycles in one year 
is t = 365, the transportation costs between different 
levels are 5 yuan/ton/km, and the maximum load of 
recovered vehicles is qv = 400.

Reverse Logistics Network Model

When the intelligent recycling bins are fully loaded, 
a message can be sent to the recycling center. The 
recycling center will conduct centralized scheduling 
of recycling vehicles according to the number and 
distribution of fully loaded intelligent recycling bins 
[26, 27]. Model assumptions are as follows: First, the 
disposal enterprise has enough processing capacity to 
avoid garbage accumulation [28]. Second, there are 
multiple alternative transfer centers, waste incineration 
plants and landfill sites in the reverse logistics network. 
Third, the disposal center can make full use of the 
garbage with economic value, without waste in the 
economic sense. Fourth, the transportation distance 
of domestic waste has a linear relationship with  

the transportation cost [29]. Fifth, in the reverse logistics 
network, each layer works according to the process, and 
there is no override operation [30]. Sixth, consider a 
cycle of urban domestic waste treatment.

The definitions of symbols, parameters and variables 
related to the urban domestic waste reverse logistics 
network model are shown in Table 1.

In order to minimize the cost Z and maximize the 
product benefit W, the reverse logistics network model 
of municipal solid waste with fuzzy number was 
established:

      (1)

                  (2)

 
(3)

 
(4)

 (5)

 
(6)

Z1 is the construction cost of reverse logistics 
infrastructure.

Z2 is equipment maintenance cost.
Z3 is the transportation cost of municipal solid waste 

at all levels.
Z4 is the treatment cost of non-recyclable waste.
In the whole process of reverse logistics of MSW,  

the logistics volume of MSW is balanced.

                           (7)

                        (8)
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Table 1. Relevant definitions of variables and symbols.

Category Symbol Meaning

Superscript 
and 

subscript

a Producing point

b Transit point

c Processing point

d Landfill site

e Garbage Disposal Incinerator

f Number of alternative generation points

j Number of alternate transfer points

k Number of alternative processing points

h Number of alternative landfill sites

l Number of alternative waste incineration plants

Parameter

Ql
a Fuzzy output of domestic waste

Cj
b Maximum transport capacity of transfer point

Ck
c Maximum processing capacity of processing point

Gj
a Fixed costs of transit

Gj
b Fixed cost of processing center

Gk
c Fixed costs of landfills

Gd
h Fixed cost of waste incineration plant

Gl
e Fixed cost of power plant

Yj
a Unit operating cost of transfer point

Yj
b Unit operating cost of processing point

Yk
c Unit operating cost of landfill site

Yd
h Unit operating cost of waste incineration plant

Dij
ab Distance from generation point to transfer point

Djk
bc Distance from transfer point to processing point

Djh
bc Distance from transfer point to landfill site

Dji
bc Distance from transfer point to waste incineration plant

Sij
ab Unit transportation cost from transfer point to processing point

Sjk
bc Unit transportation cost from transfer point to landfill site

Sjh
bd Unit transportation cost from transfer point to waste incineration plant

β Proportion of hazardous waste at transfer point

t Treatment cost of hazardous waste at treatment point

α Ratio of waste available at transfer point

Decision 
variable

qij
ab Quantity of waste transported from generation point to transfer point

qjk
bc Quantity of waste from transfer point to disposal point

qjh
bd Quantity of waste from transfer point to landfill site

qjl
be Quantity of waste from transfer point to waste incineration plant

xi
a When the value is 1, it indicates that j is the location of transfer point; Do not select the point when the value 

is 0

xj
b When the value is 1, it indicates that K is the site selection of the treatment point; Do not select the point 

when the value is 0

xk
c When the value is 1, it indicates that h is the landfill site selection; Do not select the point when the value is 0

xl
e When the value is 1, it indicates that l is the site selection of the power plant; Do not select the point when 

the value is 0
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GA-PSO Hybrid Algorithm Based on 
K-means Spatio Temporal Clustering

According to the characteristics of the model, 
the improved Manhattan distance [31] is used as the 
distance function in the three-dimensional network 
to evaluate the space-time distance between each 
cluster center and each recycling site [32, 33]. Establish  
a three-dimensional coordinate system including the 
geographical coordinates of intelligent recycling sites 
and the recycling service time window. According to the 
similarity of the geographical coordinates and service 
time of intelligent recycling sites, use the K-means 
clustering algorithm to assign each intelligent recycling 
site to the nearest clustering unit to obtain the clustering 
results [34, 35]. Assuming that (xi, xj) and (yi, yj) are the 
geographical coordinates of intelligent recycling bins 
I and j respectively, (mi, ni) and (mj, nj) are the service 
time windows of intelligent recycling bins i and j 
respectively, the distance between intelligent recycling 
bins is a fitness function:

 (21)

Where φ Is the conversion factor between time and 
distance.

This paper designs the fitness of the algorithm 
with the objective function of maximizing the product 
revenue of the recycling center and minimizing the 
operation cost of reverse logistics, which can more 
effectively weigh the optimization degree of individuals 
in the hybrid algorithm. In the process of PSO algorithm 
and GA algorithm, set the fitness function as [36]:

                          (22)

Where: Z is the reverse logistics operation cost; W is 
the income of the recycling center.

The local mapping method [37, 38] was used 
for chromosome crossover. In the initial population 
generated by each cluster unit, individuals with large 
fitness value are selected as parent chromosomes by 
roulette method [39, 40] to perform chromosome local 
mapping crossover operation between cluster units 
and within cluster units. In the selected chromosomes, 
the subsequences at the corresponding positions are 
randomly determined as the crossover region, and then 
the local crossover operation is carried out. If the same 
gene exists in the same chromosome after crossover, 
it will be removed and the missing gene will be filled 
according to the parent chromosome, so as to generate 
two offspring chromosomes, and then select two optimal 
offspring chromosomes combined with the parent 
chromosome. 

                (9)

In the reverse logistics network of municipal solid 
waste, the treatment center can maximize the upper 
limit of waste treatment.

                      (10)

                  (11)

              (12)

In the reverse logistics network of municipal solid 
waste, landfills and incineration plants can maximize 
the upper limit of waste treatment.

                    (13)

The decision variable of the model is 0-1 variable, 
that is, the value range of the variable.

                         (14)

                         (15)

                         (16)

                         (17)

Transformation of uncertain recovery in the 
model. The membership function u(x) represents the 
membership degree of any number to this fuzzy set, and 
the expression is:

           (18)

          (19)

                     (20)

Q1
a = (Ql, Qm, Qu) is used to indicate the recycling 

amount of the recycling center in a recycling cycle. The 
minimum recycling amount of the recycling center is 
Ql, the maximum recycling amount is Qu, and the most 
likely recycling amount is Qm.
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Results and Discussion

The GA-PSO algorithm based on K-means spatio-
temporal clustering is applied to calculate the pricing 
combination schemes of discrete recycled products 
(Table 2) with the double objectives of maximizing the 
product revenue of the recycling center and minimizing 
the reverse logistics operation cost. At the same time, 
combined with the characteristics of the objective 
function, the ratio of the product revenue of the recycling 
center and the reverse logistics operation cost is used as 
the evaluation index for the optimization of the pricing 
combination scheme.

The ratio of recovery income to recovery cost of 
scheme 8 is 0.471, which is superior to other pricing 
schemes. Therefore, scheme 8 is the optimal pricing 
scheme. In addition, the product revenue of the recycling 
center in scheme 8 is 3986 yuan, the reverse logistics 
operation cost is 8469 yuan, and the unit recycling 
product price of product 1 in this scheme is 1.6 yuan, 
product 2 is 0.9 yuan, and product 3 is 0.6 yuan  
(Table 2).

In the optimal pricing scheme, firstly, the K-means 
Spatio-temporal clustering algorithm is applied to divide 
the recycling service cycle interval combined with the 
distribution characteristics of the time window of the 
intelligent recycling box (Table 3); Secondly, cluster the 

Table 2. Revenue and logistics network operation cost of recycling center under different pricing schemes.

Combination scheme

1 2 3 4 5 6 7 8 9 10

Recovery of income 3526 3415 3612 3659 3519 3985 3962 3986 3716 3948

Cost recovery 9847 8924 8145 8103 8612 8759 8741 8469 8614 8752

Ratio of revenue to cost 0.358 0.383 0.443 0.452 0.409 0.455 0.453 0.471 0.431 0.451 

Fig. 1. Spatiotemporal clustering results for each recycling service cycle.
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corresponding intelligent recycling bins with multiple 
recycling units in each recycling service cycle (Fig. 1).

GA-PSO algorithm is applied in the recycling 
clustering unit to calculate the reverse logistics 
operation cost corresponding to each recycling service 
cycle and the revenue of different products collected 
by the recycling center in this scheme (Table 4). Select 
the number of vehicles used, logistics operation cost 
and product revenue of the recycling center within 
each recycling frequency for comparative analysis. 
The comparative analysis shows that the vehicle usage, 
logistics operation cost and product revenue of the 
recycling service cycle from 6:00 to 14:00 are higher 
than those of the 14:00 to 19:00 and 19:00 to 23:00. 
Among them, the number of vehicles used in the three 
recycling service cycles is 6, 4 and 2 respectively, the 
recycling cost of the recycling center is 4783 yuan, 
3047 yuan and 1146 yuan respectively, and the product 
income of the recycling center is 2268 yuan, 1234 yuan 
and 507 yuan respectively.

The vehicle sharing scheduling strategy is applied 
in each recycling service cycle, according to the vehicle 
sharing situation and the optimized recycling route 
(Table 5). The results show that vehicles V2, V4, V5 

and V6 are all involved in the shared vehicle recycling. 
Vehicles V4 serve the recycling cycle from 6:00 to 14:00, 
from 14:00 to 19:00 and from 19:00 to 23:00, while 
vehicles V1, V2 and V5 serve the recycling cycle from 
6:00 to 14:00 and from 14:00 to 19:00, Other recovered 
vehicles only serve the recovery cycle from 6:00 to 
14:00.

The GA-PSO algorithm based on K-means Spatio-
temporal clustering is applied to calculate the product 
revenue and reverse logistics operation cost of the 
recycling center before and after the price adjustment of 
unit recycled products and the optimization of vehicle 
sharing scheduling (Table 6). Through the comparative 
analysis of the results, it can be seen that after the 
pricing adjustment of unit recycled products and the 
optimization of vehicle sharing scheduling, the pricing 
is adjusted to scheme 8 in Table 2. Under the condition 
that the recycling frequency and total recycling volume 
of the recycling box in the collection state are increased 
by 44.4%, the reverse logistics operation cost is 
effectively reduced by 8.8%, and the recycling income 
of the recycling center is relatively increased by 16.1%, 
The transportation cost and environmental externality 
revenue increased by 20.3% and 44.4% respectively, and 

Table 3. Clustering scheme of intelligent recycling bins in each recycling service cycle.

Table 4. Clustering scheme of intelligent recycling bins in each recycling service cycle.

Recycling service cycle Recycling cluster unit Distribution of intelligent recycling bins Service time 
window

6:00~14:00

Unit 1 R7, R11, R21, R35, R41, R51, R61, R71, R81, R110 8:00~10:00
Unit 2 R2, R12, R28, R32, R48, R52, R62, R79, R82, R97, R102 10:00~12:00
Unit 3 R3, R13, R23, R33, R45, R53, R63, R83, R93, R103 12:00~14:00
Unit 4 R8, R14, R20, R34, R50, R69, R76, R88, R104 6:00~8:00
Unit 5 R5, R15, R25, R31, R47, R55, R67, R75, R85, R95, R105 8:00~10:00
Unit 6 R6, R16, R26, R36, R46, R56, R66, R74, R86, R96, R106 12:00~14:00

14:00~19:00

Unit 1 R1, R17, R37, R42, R57, R77, R87, R92, R107 14:00~16:00
Unit 2 R4, R18, R22, R38, R43, R58, R68, R78, R84, R98, R108 16:00~19:00
Unit 3 R9, R19, R29, R39, R49, R59, R64, R72, R89 16:00~19:00
Unit 4 R10, R27, R30, R40, R54, R60, R70, R80, R90 14:00~16:00

19:00~23:00
Unit 1 R35, R46, R62, R73, R89, R94, R101 19:00~21:00
Unit 2 R24, R38R44, R56, R65, R99, R109 21:00~23:00

Recycling service cycle Number of vehicles 
used/vehicle

Logistics operation cost/
yuan

Type of recycled 
product

Product income of 
recycling center/yuan

6:00~12:00 7

4783 Product 1 371

Product 2 812

Product 3 1085

12:00~18:00 5
3047 Product 1 714

Product 2 520

18:00~22:00 3 1146 Product 1 507
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the penalty cost for violating the time window decreased 
by 42.7% respectively.

In order to further verify the superiority of the 
selected optimal pricing scheme and the rationality 
of multi frequency path optimization based on vehicle 
sharing scheduling strategy, the total amount of 
recovered products, transportation costs, time window 
violation costs, environmental externality benefits, 
reverse logistics operation costs and product benefits 
of the recovery center before and after the pricing 
adjustment of unit recovered products and vehicle 
sharing scheduling optimization were compared and 
analyzed (Table 6). The results show that although the 
transportation cost increases from 7318 yuan to 8692 
yuan after the price adjustment of unit recycled products 
and the optimization of vehicle sharing scheduling, the 
penalty cost for violating the time window decreases 
from 3514 yuan to 2082 yuan, and the environmental 
externality benefit increases from 1956 yuan to 2891 
yuan. Therefore, the operation cost of reverse logistics 
has been significantly reduced after the price adjustment 
of unit recycled products and the optimization of 

vehicle sharing scheduling, from 9498 yuan to 8526 
yuan. At the same time, the substantial increase in the 
amount of recycled waste has increased the product 
revenue of the recycling center from 3421 yuan to 
3997 yuan. Therefore, properly adjusting the pricing 
of unit recycled products and reasonably combining 
the pricing of different products, and combining with 
the vehicle sharing strategy to optimize the vehicle 
routing of reverse logistics with multiple frequencies, 
can effectively reduce the operating cost of reverse 
logistics recycling and bring higher benefits to the 
recycling center, thus effectively integrating resources 
and improving the recycling efficiency.

Conclusions

By constructing a linear function between intelligent 
recycling sites and recycling costs to analyze the situation 
of different pricing recycling volumes, and combining 
multi frequency recycling with vehicle sharing, a dual 
objective model was established to minimize reverse 

Table 5. Clustering scheme of intelligent recycling bins in each recycling service cycle.

Table 6. Optimal layout results of reverse logistics network for municipal solid waste.

Reverse logistics 
network of 

municipal solid 
waste

Processors Serviceability

Infrastructure 
construction 
cost in one 

cycle 

Transportation 
and operation and 

maintenance cost in 
one cycle 

Total cost 
in one 
cycle 

Product 
revenue of 
recycling 

center

Before 
optimization

11 waste transfer 
stations, 2 treatment 

centers, 1 incineration 
plant and 1 landfill site

The service radius 
involved is too large 
to effectively treat 

domestic waste

6700 1520 9822 3421

After 
optimization

10 waste transfer 
stations, 2 treatment 

centers, 1 incineration 
plant and 1 landfill site

Domestic waste 
treatment in all regions 

can be carried out 
efficiently

6200 1420 8677 3997

Shared vehicle 
number Reverse logistics recycling route Number of recycling 

routes
Recycling service 

cycle

V4

RC→R5→R72→R92→R53→R13→R24→R92→RC

3

6:00~14:00

RC→R36→R48→R12→R41→R44→R16→R39→RC 14:00~19:00

RC→R3→R8→R6→R13→R7→R21→R23→RC 19:00~23:00

V1
RC→R2→R87→R56→R23→R72→R82→R14→R4→RC

2
6:00~14:00

RC→R18→R16→R8→R21→R10→R8→RC 14:00~19:00

V2
RC→R63→R82→R21→R23→R66→R78→R66→RC

2
6:00~14:00

RC→R9→R3→R5→R4→R10→R17→R1→RC 14:00~19:00

V5
RC→R6→R71→R96→R54→R17→R28→R99→RC

2
6:00~14:00

RC→R21→R19→R9→R6→R13→R7→R37→RC 14:00~19:00

V6 RC→R5→R48→R42→R53→R10→R1→R14→RC 1 6:00~14:00

V3 RC→R17→R4→R39→R41→R40→R28→R21→RC 1 6:00~14:00
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logistics operating costs and maximize product benefits 
of recycling centers. A GA-PSO hybrid algorithm based 
on K-means spatiotemporal clustering was designed to 
solve the model. This algorithm performs clustering 
operations based on the time window distribution and 
geographic location information of intelligent recycling 
sites, further improving the effectiveness of the hybrid 
algorithm.

The specific conclusions are as follows:
(1) Through Combinatorial optimization of different 

pricing of municipal solid waste recycling, the results 
show that the product income and total recycling 
volume of the optimized recycling center increased by 
17.2% and 45.6% respectively, and the reverse logistics 
operating cost effectively reduced by 8%. The domestic 
waste treatment work in various regions can be carried 
out efficiently.

(2) Sensitivity analysis is carried out on the number 
of recycling shared vehicles for different types of 
domestic waste, the operating cost of reverse logistics 
network and the benefits of the recycling center. 
Combined with the vehicle sharing scheduling strategy, 
the recycling frequency can be increased and the number 
of vehicles can be kept unchanged, effectively reducing 
the operating cost of reverse logistics network.

Acknowledgments

The author would like to thank the Hefei 
Environmental Bureau for providing data to support the 
research, and thank the people who have provided help 
in all aspects of the field survey.

Conflict of Interest

The authors declare no conflict of interest.

References

1. QUANXI L., XINYI L., QINGLI D. Countermeasures of 
urban domestic waste treatment based on the perspective 
of reverse logistics. Journal of Changsha civil affairs 
vocational and Technical College. 4, 86, 2020.

2. SHUO Y., HAO S. Evaluation of Urban Ecological 
Environment Quality Based on Google Earth Engine: 
A Case Study in Xi’an, China. Polish Journal of 
Environmental Studies. 32 (1), 927, 2023.

3. GUO K.M., ZHAO J.T., WANG X.Y., XIE Y.W. Spatio-
Temporal Dynamics of Environmental Status Based on a 
remote Sensing Ecological Distance index (RSEDI) in the 
Oases of Hexi Corridor in Northwest China. Polish Journal 
of Environmental Studies. 30 (6), 4997, 2021.

4. ZHANGYUE C., YONG W., LI Y. Selection of recycling 
mode in closed loop supply chain considering product 
modular design. Journal of system management. 29 (5), 
1003, 2020.

5. ZHAO Y.X., SUN X., JIANG M., YU H.X., CHAI F.Y. 
Seasonal dynamics of zooplankton functional groups in 

relation to environmental factors in genheyuan wetland 
of northeast China. Basic and applied ecology. 24 (2), 467, 
2023.

6. YANG Q., HU P., WANG J. H., YANG Z. F., LIU H., 
WANG W. Z. Landscape pattern evolution and response  
of Zhalong Wetland and Wuyuer River Basin from  
1980 to 2018.Journal of Water Ecology. 41 (5), 77, 2020.

7. XIAODONG Z., BINGBING W., ZHE W. Pricing  
strategy and coordination mechanism of closed loop 
supply chain under the difference of recovery cost of two 
channels. Chinese Management Science. 25 (12), 188, 
2017. 

8. SUN C J., LI X.M., ZHANG W.Q. Evolution of 
Ecological Security in the Tableland region of the Chinese 
Loess Plateau Using a Remote-Sensing-Based Index. 
Sustainability. 12 (8), 3489, 2020. 

9. MINLI X., HUIYUN J. Resource recovery strategy 
considering consumer behavior in the “Internet+” 
environment. Control and decision-making. 34 (8), 1745, 
2019.

10. SIYANG Y., CHENG C., MENGNAN H., ZHEN C. Land 
use as an important indicator for water quality prediction 
in a region under rapid urbanization. Ecological Indicators. 
146, 1, 2023.

11. AUSTIN J.A., HRABIK T.R., BRANSTRATOR D.  
An abrupt decline in springtime zooplankton diel 
vertical migration due to a shift in stratification regime.  
Journal of Great Lakes Research. 48 (3), 837, 2022.

12. RAMOS T.R.P., DEMORAIS C.S., BARBOSA-POVOA 
P. The smart waste collection routing problem: Alternative 
operational management approaches. Expert Systems with 
Applications. 103 (3), 146, 2018.

13. JIA M. Research on vehicle routing optimization of 
medical waste transportation based on third party logistics 
distribution. Beijing university of chemical technology. 
2019.

14. NOWAKOWSKI P., SZWARC K., BORYCZKA U. 
Combining an artificial intelligence algorithm and a novel 
for sustainable e-waste collection. Science of The Total 
Environment. 730, 138726, 2020.

15. BARBER L.B., FAUNCE K. E., BERTOLATUS D.W., 
HLADIK M.L., JASMANN J.R., KEEFE S.H. Watershed-
scale risk to aquatic organisms from complex chemical 
mixtures in the Shenandoah River. Environ. Sci. Technol. 
56 (2), 845, 2022.

16. YAN L., XINYI L., QINGLI D. Multi cycle closed 
loop marketing investment and pricing strategy based 
on Remanufacturing. Chinese Journal of Management 
Science. 26 (8), 67, 2018.

17. TAOTAO H., HAI R., DAFENG H., YANGPENG Z., 
HONGFANG L., QINFENG G., JUN W. Dominant 
ecological processes and plant functional strategies change 
during the succession of a subtropical forest. Ecological 
Indicators. 146 (2), 1, 2023.

18. XIAOYAN L. Problems and Countermeasures of domestic 
waste treatment in small and medium-sized cities in China. 
Economic management. 22 (8), 55, 2018.

19. BERGMANN F.M., WAGNER S.M., WINKENBACH 
M. Integrating first-mile pickup and last-mile delivery 
on shared vehicle routes for efficient urban e-commerce 
distribution. Transportation Research Part B: 
Methodological. 131, 26, 2020.

20. ZHANG H., ZHANG Q., MA L. A hybrid ant colony 
optimization algorithm for a multi-objective vehicle 
routing problem with flexible time windows. Information 
Sciences. 490, 166, 2019.



Song J., et al.360

21. WANG Y., PENG S.G., ZHOU X.S. Green problem 
with heterogeneous vehicles under time windows. 
Sustainiability. 11 (12), 3492, 2019.

22. TOKLU A. B., BALKIS-OZDELICE N., DURMUS T., 
BALCI M. Relationship between environmental factors 
and zooplankton diversity in the Gulf of Bandirma (the 
Sea of Marmara). Biologia: Casopis Slovenskej Akademie 
Vied. 76 (6), 1727, 2021.

23. FIRDOUS S., ALTAF Z., NABG G. Smart in for waste 
management using CPaaS clouds. International Journal of 
Education and Management Engineering. 10 (2), 38, 2020.

24. ZHAO Y.X. Correlation Analysis of Metazooplankton 
Functional Groups and Water Environment Factors in 
Zhalong Nature Reserve. Northeast Forestry University.  
(in Chinese with English abstract). 2020.

25. WANG L.K., JIN Z.H., LI Y., ZHANG B., LU L.Y., 
ZHANG Y., SHI T.R., ZHANG X.G., GAO Z.Y. 
Preliminary investigation on red-crowned cranes in 
Zhalong Nature Reserve. Modern Animal Husbandry 
Science and Technology. 12, 15, 2020.

26. XIANG L., YONGJIAN L. Multi remanufacturer recycling 
pricing competition game. Journal of Management 
Engineering. 26 (2), 72, 2022.

27. HANNAN M., AKHTAR M., BEGUNM R. Capacitated 
vehicle-routing problem model for scheduled solid waste 
collection and route optimization using PSO algorithm. 
Waste Management. 71 (8), 31, 2017.

28. HUSS M., DORST R.M.V., GRDMARK A. Larval fish 
body growth responses to simultaneous browning and 
warming. Ecology and Evolution. 11 (21), 15132, 2021.

29. WU H., TAO F., QIAO Q. A chance-constrained vehicle 
routing problem for wet waste collection and transportation 
considering carbon emissions. International Journal of 
Environmental Research and Public Health. 17 (2), 458, 
2020.

30. SCHLOSSER R., CHENAVAZ R., DIMITROV S. Circular 
economy: Joiot dynamic pricing and recycling investments. 
International Journal of Production Economics. 236, 108, 
2021.

31. ZHEN L., MA C., WANG K. Multi-depot multi-trip 
vehicle routing problem with time windows and relase 
dates. Transportion Research Part E: Logistics and 
Transportation Review. 135, 101866, 2020.

32. HOUMING F., JIAXIN W., JING D. Vehicle routing 
problem with fuzzy demand and time window and its 
solution by hybrid genetic algorithm. Journal of system 
management. 29 (1), 107, 2020.

33. SHAIKH A., SHARAN P., SRIKANTH P.C., DEVI M. A 
novel automated framework for water impurity detection. 
International Journal of Information Technology. 13 (2), 
785, 2021.

34. GONG Y., LING H., LV G., CHEN Y., GUO Z., CAO J. 
Disentangling the influence of aridity and salinity on 
community functional and phylogenetic diversity in local 
dryland vegetation. Total Environ. 653, 409, 2019.

35. GAFTA D., ROMAN A., URSU T.M. Trends in single 
trait dispersion between early- mid successional stages: 
the importance of species pool extension and habitat scale. 
Plant Ecol. 11, 103, 2016.

36. NGUYEN T.A., DAO T.S., STRADY E., NGUYEN T., 
AIME J., GRATIOT N., NéMERY J. Phytoplankton 
characterization in a tropical tidal river impacted by a 
megacity: the case of the Saigon river  (southern Vietnam). 
Environmental Science and Pollution Research. 29 (3), 
4076, 2022.

37. PAQUETTE C., IRENE G.E., BEISNER B.E. 
Environmental drivers of taxonomic and functional 
variation in zooplankton diversity and composition in 
freshwater lakes across Canadian continental watersheds. 
Limnology and Oceanography. 67 (5), 1081, 2022.

38. SAUMEN C. A comparative study on the occurrence, 
density and seasonal variations of phytoplankton and 
zooplankton in a perennial pond ecosystem of Tripura, 
India. Applied Ecology and Environmental Sciences. 9 (8), 
761, 2021.

39. VATANPOUR N., MALVANDI A.M., HEDAYATI 
TALOUKI H., GATTINI P., SCESI L. Impact of rapid 
urbanization on the surface water’s quality: a long-term 
environmental and physicochemical investigation of Tajan 
river, Iran. Environ. 27 (8), 8439, 2020.

40. SONG H.M., XUE L. Dynamic monitoring and analysis of 
ecological environment in Weinan City, Northwest China 
based on RSEI model. Yingyong Shengtai Xuebao. 27 (12), 
3913, 2016.


