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A B S T R A C T A R T I C L E   I N F O 
With the surge in car ownership, the end-of-life vehicles recycling market has 
shown enormous development potential. As the reverse logistics network for re-
cycling end-of-life vehicles suffers from high operating costs and low recycling 
rates, there is an urgent need to upgrade the actual recycling measures for end-
of-life vehicles to an operable level. This article first uses the OGM (1, N) model 
to predict the number of end-of-life vehicles in the coming years. At the same 
time, a reverse logistics network model with the second-hand car market as the 
recycling centre was constructed with the goal of minimizing the total cost of 
the end-of-life vehicles reverse logistics network. The network model was sim-
ulated using mixed integer programming (MILP), and the optimal solution was 
solved through LINGO 12 programming. Through an example analysis of Shang-
hai, it is found that the market of end-of-life vehicles will embrace growth, and 
it is verified that the optimized reverse logistics network can effectively reduce 
the operation cost and logistics cost of recycling centres, and can effectively 
improve the actual recycling rate of end-of-life vehicles. Finally, the optimized 
site selection results are obtained, and a specific traffic distribution scheme is 
proposed, which is crucial for promoting cars that meet scrap standards to be 
recycled through formal channels and reducing logistics costs for recycling en-
terprises.  
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1. Introduction
With the continuous development of the Chinese automobile market, China became the world's 
largest producer and seller of automobiles in 2009. As of 2020, China's car ownership has reached 
281 million units, and the end-of-life car recycling market has huge potential. According to statis-
tics, the scrap rate of vehicles in China is about 3 %, while the scrap rate in developed countries 
reaches 6 % to 8 %. At the same time, the recycling and dismantling rate in China is relatively low, 
only 1 % to 1.5 % of the car ownership, while the recycling and dismantling rate in developed 
countries is 5 % to 6 %. In the face of the contradiction between the rapid growth of car ownership 
and the low recovery rate of end-of-life vehicles, in the context of a low-carbon and digital econ-
omy [1, 2], China's reverse logistics services led by third-party end-of-life vehicles recycling and 
dismantling enterprises are facing great challenges, for which the Chinese government has also 
formulated relevant policies and regulations [3]. For example, the Implementation Rules for the 
Management of End-of-Life Motor Vehicles Recycling (2020) proposed the goal of market-ori-
ented, specialized, and intensive development of the end-of-life motor vehicle recycling and dis-
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mantling industry. However, China's end-of-life vehicles recycling companies still face some prob-
lems. Scattered resources, insufficient capital investment, sloppy business management, outdated 
dismantling technology and a lack of standardisation and normalisation of recycling and disman-
tling operations are among their main challenges. Moreover, dismantling enterprises still focus on 
the sale of scrap steel as their main profit target, neglecting the added value of components, and 
the reuse rate of components is very low. There are even some illegal and non-standard recycling 
enterprises, which not only disrupt the normal order of the end-of-life vehicles dismantling and 
recycling market, but also have a negative impact on environmental protection and resource uti-
lization. In addition, according to the lifecycle of automotive products, the peak period of manda-
tory scrapping standards for automobiles has not yet been reached, and the number of end-of-life 
vehicles is continuously increasing at a rate of over 15 % per year. The future surge in the end-of-
life vehicles market also poses greater challenges to environmental protection and resource utili-
zation. In this regard, in-depth study of automotive reverse logistics can achieve the rational use 
of resources, reduce environmental pollution and enhance the economic benefits of enterprises, 
solve the problems faced by the industry and achieve sustainable development, which is of great 
significance to improve the overall level and competitiveness of China's end-of-life vehicles recy-
cling and dismantling industry. 

2. Literature review 
Scholars have conducted research using different research methods in predicting the number of 
end-of-life vehicles and car ownership [4]. Among them, Hao et al. proposed a combined predic-
tion model composed of grey model, exponential smoothing method and artificial neural network 
optimized by Particle swarm optimization (PSO) algorithm to solve the nonlinear characteristics 
and uncertainty problems of the number of end-of-life vehicles recovered, and verified the accu-
racy of the prediction through an example [5]. Mohammadali-Ali et al. considered vehicle life (EOL 
factor) to improve the effectiveness of end-of-life vehicles recycling when establishing a system 
dynamics model [6]. Zhang et al. used singular spectrum analysis (SSA) of univariate time series 
models and vector autoregressive (VAR) models of multivariate models to predict car ownership 
[7]. Dargay and Gately, from an economic perspective, linked car ownership with per capita in-
come and combined it with dynamic econometric models to establish a prediction model for car 
ownership [8]. 

At present, research on the optimization of reverse logistics networks for end-of-life vehicles 
has achieved many results, and the objective function used in existing research is mainly the low-
est total cost. Demirel and Gokcen proposed a mixed integer Linear programming model for the 
reverse logistics network design of used and end-of-life vehicles under the participation of differ-
ent roles, which successfully reduced the cost of network transportation of end-of-life vehicles 
and related materials [9]. Lin et al. established a FLAERN mathematical model with the goal of 
cost minimization to solve the facility location allocation problem in the end-of-life vehicles recy-
cling network, and proposed an algorithm based on artificial bee colony for optimization [10]. 
Govindan and Gholizadeh comprehensively investigated the relationship between the elastic sus-
tainable RLs and the variable and flexible capabilities of facilities in electric vehicles, and adopted 
a robust optimized cross-entropy hybrid solution method to calculate the total cost of the elastic 
sustainable RLN with the main goal of minimizing the total cost of the RLN [11]. Seval and Ozturk 
developed a mathematical planning model for reverse logistics network design to manage a re-
verse flow network of end-of-life vehicles in the context of a manufacturer being responsible for 
the entire lifecycle of its products, which was used to determine the number and location of net-
work facilities as well as the volume of material flows [12]. Amin et al. conducted a Case study on 
the key participants in North American ELVs collection for the reverse logistics path problem of 
recycling used vehicles, and proposed a two-stage heuristic solution to maximize the optimal dis-
tribution of dealers between internal fleets and between internal fleets and external operators 
[13]. Min et al. proposed a mixed integer nonlinear programming model and genetic algorithm 
aimed at solving a spatially and temporally integrated reverse logistics problem involving re-
turned products [14]. Marin and Pelegrin analysed the Return to Plant Location Problem (RPLP) 
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based on the heuristic and exact solution method of Lagrange decomposition [15]. Du and Evans 
established a double objective MIP optimization model for the reverse logistics network problem 
of Third-party logistics companies providing logistics services for after-sales service networks, 
and designed a solution consisting of discrete search method, dual Simplex algorithm method and 
constraint method [16]. 

Similar to the reverse logistics network optimization problem of end-of-life vehicles, facilities 
location [17], production Linear programming [18, 19], supply chain performance evaluation [20], 
production and procurement planning are also combinatorial optimization problems [21, 22], and 
the modelling of combinatorial optimisation problems as mixed integer programming models is 
widely used in the solution of these problems [23, 24]. And the global optimization software 
LINGO is used for rapid solution, which has achieved good results in the examples. For example, 
Yong and Jing used LINGO to establish a logistics network optimization design model, select a car-
bon emission distribution centre demand matching model, a distribution path optimization model 
and a multi-objective optimization model aimed at minimizing carbon emissions, and optimize 
the model [25]. Xiao et al. constructed a four level reverse logistics network model including the 
origin of end-of-life vehicles, the recycling centre, the remanufacturing centre and the disassem-
bler, and used LINGO to solve the mixed integer Linear programming mathematical model estab-
lished, pointing out that the location of the dismantling centre and the capability rating strategy 
have an important impact on the total cost of the logistics network [26, 27]. 

Based on this, this article first predicts the future prospects of the end-of-life vehicles market 
using the OGM (1, N) model based on grey theory. Further, the reverse logistics network model 
with the second-hand automobile market as the recovery and transit centre is constructed by fully 
considering the factors such as the dismantling capacity of the dismantling point, the logistics vol-
ume balance of each network node, and the Fixed cost. Select appropriate decision variables, con-
struct a linear objective function with the minimum total cost, model the reverse network problem 
of end-of-life vehicles as a Mixed Integer Programming model, and then use LINGO software to 
obtain the optimal solution. Finally, a case study was conducted to verify the effectiveness of the 
model. 

3. Research methodology 
3.1 Prediction model for the number of end-of-life vehicles 

The specific modelling process of OGM (1, N) model is as follows. 

(1) Grey sequence generation 

Set 𝑋𝑋𝑖𝑖
(0) = (𝑥𝑥𝑖𝑖(0)(1),𝑥𝑥𝑖𝑖(0)(2), … , 𝑥𝑥𝑖𝑖(0)(𝑛𝑛)) as the dependent variable sequence. Sequence 𝑋𝑋𝑖𝑖

(0) =
(𝑥𝑥𝑖𝑖(0)(1),𝑥𝑥𝑖𝑖(0)(2), … , 𝑥𝑥𝑖𝑖(0)(𝑛𝑛)) is an independent variable sequence with high correlation with se-
quence 𝑋𝑋1

(0). 

(2) Perform a cumulative generation (1-AGO) on 𝑋𝑋i
(0) to obtain the sequence 𝑋𝑋1

(1): 

𝑋𝑋𝑖𝑖
(1) = �𝑥𝑥𝑖𝑖(1)(1),𝑥𝑥𝑖𝑖(1)(2), … , 𝑥𝑥𝑖𝑖(1)(𝑛𝑛)� (1) 

Among them: 𝑥𝑥𝑖𝑖(1)(𝑘𝑘) = ∑ 𝑥𝑥𝑖𝑖(0)𝑘𝑘
𝑖𝑖=1 (𝑖𝑖), 𝑘𝑘 = 1,2, … ,𝑛𝑛. 

(3) Generate the nearest neighbour mean sequence 𝑍𝑍1
(1) from 𝑋𝑋1

(1): 

𝑍𝑍1
(1) = �𝑧𝑧1(1)(2), 𝑧𝑧1(1)(3), … , 𝑧𝑧1(1)(𝑚𝑚)� (2) 

Among them: 𝑧𝑧1(1)(𝑘𝑘)=[𝑥𝑥1
(1)(𝑘𝑘) + 𝑥𝑥1(1)(𝑘𝑘 − 1)]/2, 𝑘𝑘 = 2,3, … ,𝑚𝑚. 

(4) Build OGM (1, N) model: 

𝑥𝑥1(0)(𝑘𝑘) + 𝑎𝑎𝑧𝑧1(1)(𝑘𝑘) = �𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖
(1)(𝑘𝑘) + ℎ1(𝑘𝑘 − 1) +

𝑘𝑘

𝑖𝑖=2

ℎ2 (3) 
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The ℎ1(𝑘𝑘 − 1) and ℎ2 in the equation are referred to as the linear correction term and grey action 
of the OGM (1, N) model, respectively, a is referred to as the development coefficient, 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖

(1)(𝑘𝑘) is 
called the driving term, 𝑏𝑏𝑖𝑖 is called the driving coefficient. 

(5) Parameter Estimation of OGM (1, N) model 

The Least Squares Satisfaction of Parameter Column a� = �𝑏𝑏1,𝑏𝑏2, … , 𝑏𝑏𝑁𝑁,𝑎𝑎,ℎ1,ℎ2�
T in OGM (1, N) 

model: 
𝑎𝑎� = (𝐵𝐵𝑇𝑇𝐵𝐵)−1𝐵𝐵𝑇𝑇𝑌𝑌 (4) 

Among them: 

𝐵𝐵 =

⎣
⎢
⎢
⎢
⎡ 𝑥𝑥2

(1)(2) 𝑥𝑥3(1)(2)
𝑥𝑥2(1)(3) 𝑥𝑥3(1)(3)

⋯
𝑥𝑥𝑁𝑁(1)(2)  −𝑧𝑧2(1)(2) 1             1
𝑥𝑥𝑁𝑁(1)(3)  −𝑧𝑧2(1)(3) 2             1

⋮                  ⋮ ⋱ ⋮                                                          ⋮
𝑥𝑥2(1)(𝑚𝑚) 𝑥𝑥3(1)(𝑚𝑚) ⋯ 𝑥𝑥𝑁𝑁(1)(𝑚𝑚)  −𝑧𝑧2(1)(2) 𝑚𝑚 − 1 1 ⎦

⎥
⎥
⎥
⎤
 (5) 

 

𝑌𝑌 =

⎣
⎢
⎢
⎡ 𝑥𝑥1

(0)(2)
𝑥𝑥1(0)(3)

⋮
𝑥𝑥1(0)(𝑚𝑚)⎦

⎥
⎥
⎤
 (6) 

 
So 𝑥𝑥�1

(0)(𝑘𝑘) = ∑ 𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖
(1)(𝑘𝑘) − 𝑎𝑎𝑧𝑧1(1)(𝑘𝑘) +𝑘𝑘

𝑖𝑖=2 ℎ2 + ℎ1(𝑘𝑘 − 1) is the differential model of OGM (1, N). 
 

𝑥𝑥�1
(0)(𝑘𝑘) = ��𝑢𝑢1�𝑢𝑢2𝑡𝑡−1𝑏𝑏𝑖𝑖𝑥𝑥𝑖𝑖

(1)(𝑘𝑘 − 𝑡𝑡 + 1)
𝑁𝑁

𝑖𝑖=2

�
𝑘𝑘−1

𝑡𝑡=1

+ 𝑢𝑢2𝑘𝑘−1𝑥𝑥�1
(1)(1) + �𝑢𝑢2

𝑗𝑗
𝑘𝑘−2

𝑗𝑗=0

[(𝑘𝑘 − 𝑗𝑗)𝑢𝑢3 + 𝑢𝑢4 (7) 

 
In the Eq. 7, 𝑘𝑘 = 2,3,... . 

𝑢𝑢1 =
1

1 + 0.5𝑎𝑎
,𝑢𝑢2 =

1 − 0.5𝑎𝑎
1 + 0.5𝑎𝑎

,𝑢𝑢3 =
ℎ1

1 + 0.5𝑎𝑎
, 𝑢𝑢4 =

ℎ2 − ℎ1
1 + 0.5𝑎𝑎

 

(6) Obtaining predicted values 

The following is the cumulative reduction formula of OGM (1, N) model: 
𝑥𝑥�1

(0)(𝑘𝑘) = 𝑥𝑥�1
(1)(𝑘𝑘)− 𝑥𝑥�1

(1)(𝑘𝑘 − 1),𝑘𝑘 = 2,3, … ,𝑚𝑚 (8) 

3.2 Construction of reverse logistics network model for end-of-life vehicles 

This article constructs a reverse logistics network model with the second-hand car market as the 
recycling centre, based on the two key issues of reverse logistics network design and low recycling 
rate in the optimization of recycling end-of-life vehicles, with the goal of minimizing the total cost 
of the reverse logistics network for end-of-life vehicles. At the same time, constraints such as the 
conservation of logistics volume between network nodes, limitations on the processing capacity 
of recycling centres, limitations on the dismantling capacity of dismantling centres, and the num-
ber of established logistics network recycling centres are set to ensure overall coordination 
among relevant organizations and fully complete recycling tasks. 

Parameter settings 

To convert the reverse logistics in the recycling process of end-of-life vehicles into a specific math-
ematical model, some parameters need to be annotated and explained. The parameter symbols 
and definitions used in this study are shown in Table 1. 
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Table 1 Definition of parameter symbols 

Model specification 

• This article studies the logistics network of a single product and cycle, where the weight 
of a single vehicle represents the overall quality. 

• The transportation distance between each logistics node is known, and the transportation 
cost per unit distance is known, and the transportation cost is positively correlated with 
the transportation distance. 

• Material and component losses during transportation are not taken into account, includ-
ing the scrap disposal rate during dismantling. 

• The alternative solutions for the construction or expansion of facilities in the automotive 
reverse logistics network are known, including their alternative locations and number, lo-
cation selection near the second-hand car market in a certain area, and setting their recy-
cling capacity in advance. 

• The transportation from the recycling centre to the dismantling centre will be estimated 
based on transporting multiple end-of-life vehicles at once. 

• Ignoring the uncertainty of time and the dynamism of the supply chain, the cost of inven-
tory backlog is included in the unit operating cost. 

• The third-party logistics company can reach cooperation with them, and the cooperation 
status will not change in a short time. 

Category Symbol Definition 
Set 𝐾𝐾𝐾𝐾𝐾𝐾(𝑖𝑖) Customer area address set (𝑖𝑖 = 1,2,3, … ,𝑛𝑛,∀𝑖𝑖 ∈ 𝐾𝐾) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻(𝑗𝑗) Recycling centre addresses set (𝑗𝑗 = 1,2,3, … ,𝑚𝑚,∀𝑗𝑗 ∈ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻) 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶(𝑧𝑧) Dismantling centre address set (𝑧𝑧 = 1,2,3, … , 𝑝𝑝,∀𝑧𝑧 ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) 
𝐴𝐴𝐴𝐴(𝑤𝑤) Address of remanufacturing centre or landfill site set (𝑤𝑤 = 1,2, … , 𝑡𝑡,∀𝑤𝑤 ∈ 𝐴𝐴𝐴𝐴) 

𝑈𝑈(𝑖𝑖, 𝑗𝑗) Relevant indicator set from customer area 𝑖𝑖 to recycling centre 𝑗𝑗 
(𝑖𝑖 = 1,2,3, … ,𝑛𝑛, 𝑗𝑗 = 1,2,3, … ,𝑚𝑚,∀𝑖𝑖 ∈ 𝐾𝐾，∀𝑗𝑗 ∈ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻) 

𝑇𝑇(𝑗𝑗, 𝑧𝑧) Relevant indicator set from recovery centre j to dismantling centre 
𝑧𝑧(𝑗𝑗 = 1,2,3, … ,𝑚𝑚, 𝑧𝑧 = 1,2,3, … , 𝑝𝑝,∀𝑗𝑗 ∈ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻，∀𝑧𝑧 ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) 

𝑅𝑅(𝑧𝑧,𝑤𝑤) Relevant indicator set from dismantling centre z to remanufacturing centre or land-
fill plant 𝑤𝑤 (𝑧𝑧 = 1,2,3, … , 𝑝𝑝,𝑤𝑤 = 1,2, … , 𝑡𝑡,∀𝑧𝑧 ∈ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,∀𝑤𝑤 ∈ 𝐴𝐴𝐴𝐴) 

Parameter 𝐶𝐶𝐶𝐶1(𝑗𝑗) Fixed investment cost of recycling centre j 
𝐶𝐶𝐶𝐶2(𝑗𝑗) Operating costs amortized per vehicle recovered by the recycling centre 𝑗𝑗 
𝐶𝐶𝐶𝐶(𝑧𝑧) The dismantling cost of dismantling a single end-of-life vehicles 
𝐿𝐿𝐿𝐿𝐿𝐿(𝑖𝑖, 𝑗𝑗) Distance from recycling centre 𝑖𝑖 to dismantling centre 𝑗𝑗 
𝑄𝑄𝑄𝑄(𝑖𝑖) Total number of end-of-life vehicles in customer area 𝑖𝑖 
𝑁𝑁(𝑗𝑗) Maximum recycling capacity of recycling centre 𝑗𝑗 
𝐸𝐸(𝑧𝑧) Maximum dismantling capacity of dismantling centre 𝑧𝑧 
𝑀𝑀(𝑧𝑧) Recycling quantity of dismantling centre 

𝑉𝑉1 Unit freight from customer area to recycling centre 
(RMB/vehicle · kilometre) 

𝑉𝑉2 Unit shipping cost from recycling centre to dismantling centre (RMB/vehicle · kilo-
metre) 

𝐴𝐴 Unit transportation from dismantling centre to component remanufacturing centre 
(RMB/vehicle · kilometre) 

𝐵𝐵 Unit transportation from dismantling centre to steel enterprise (RMB/vehicle · kil-
ometre) 

𝐶𝐶 Unit transportation from dismantling centre to landfill site 
(RMB/vehicle · kilometre) 

Decision 
variables 

𝑌𝑌(𝑗𝑗) If a new recycling centre is set up at h, take 1; otherwise, take 0 

𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) The number of end-of-life motor vehicles transported from customer area 𝑖𝑖 to recy-
cling centre 𝑗𝑗 

𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) The number of end-of-life motor vehicles from recycling centre 𝑗𝑗 to dismantling 
centre 𝑧𝑧 

𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) The number of vehicles transporting motor vehicle waste from the dismantling 
centre 𝑗𝑗 to the waste landfill 𝑤𝑤 

𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) The number of automotive engines transported from dismantling centre 𝑗𝑗 to re-
manufacturing centre 𝑤𝑤 

𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗) The number of end-of-life vehicles and scrap metal transported from the disman-
tling centre to the steel plant 
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Objective function 

The objective function of establishing a model with the lowest total cost of reverse logistics net-
work for end-of-life vehicles: 

𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑇𝑇 = 𝑇𝑇𝑇𝑇1 + 𝑇𝑇𝑇𝑇2 + 𝑇𝑇𝑇𝑇3 + 𝑇𝑇𝑇𝑇4 + 𝑇𝑇𝑇𝑇5 + 𝑇𝑇𝑇𝑇6 + 𝑇𝑇𝑇𝑇7 + 𝑇𝑇𝑇𝑇8 (9) 
• Fixed investment cost of network recycling transit centres (𝑇𝑇𝑇𝑇1) 
𝑇𝑇𝑇𝑇1 is the sum of the products of 𝐶𝐶𝐶𝐶1(𝑗𝑗) and 𝑌𝑌(𝑗𝑗): 

𝑇𝑇𝑇𝑇1 = �𝐶𝐶𝐶𝐶1(𝑗𝑗) 𝑌𝑌(𝑗𝑗)
𝑛𝑛

𝑗𝑗=1

 (10) 

• Operating costs of network recycling transit centres (𝑇𝑇𝑇𝑇2) 
𝑇𝑇𝑇𝑇2 is the sum of the products of 𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) and 𝐶𝐶𝐶𝐶2 (𝑗𝑗): 

𝑇𝑇𝑇𝑇2 = ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) 𝐶𝐶𝐶𝐶2(𝑗𝑗)
𝑛𝑛

𝑗𝑗=1

𝑚𝑚

𝑖𝑖=1

 (11) 

• The total dismantling cost of the dismantling company (𝑇𝑇𝑇𝑇3) 
𝑇𝑇𝑇𝑇3 is the sum of the products of 𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) and 𝐶𝐶𝐶𝐶 (𝑧𝑧): 

𝑇𝑇𝑇𝑇3 = ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) 𝐶𝐶𝐶𝐶(𝑧𝑧)
𝑝𝑝

𝑧𝑧=1

𝑛𝑛

𝑗𝑗=1

 (12) 

• The total logistics cost of network transportation 

The calculation of the total transportation cost is based on the sum of the products of the dis-
tance between each network node, the freight cost per kilometre, and the quantity of recycling 
between network nodes. 

The total transportation cost includes the shipping cost from the recycling centre to the dis-
mantling centre (𝑇𝑇𝑇𝑇4): 

𝑇𝑇𝑇𝑇4 = ��𝐿𝐿𝐿𝐿𝐿𝐿(𝑖𝑖, 𝑗𝑗) 𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) 𝑉𝑉1
𝑛𝑛

𝑗𝑗=1

𝑚𝑚

𝑖𝑖=1

 (13) 

The total cost of shipping between the recycling centre and the dismantling centre (𝑇𝑇𝑇𝑇5): 

𝑇𝑇𝑇𝑇5 = ��𝐿𝐿𝐿𝐿𝐿𝐿(𝑗𝑗, 𝑧𝑧) 𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) 𝑉𝑉2
𝑝𝑝

𝑧𝑧=1

𝑛𝑛

𝑗𝑗=1

 (14) 

Freight cost from dismantling centre to remanufacturing company (TC6), garbage factory 
(TC7), steel factory (TC8) are shown as follows: 

𝑇𝑇𝑇𝑇6 = �� 𝐿𝐿𝐿𝐿𝐿𝐿(𝑧𝑧,𝑤𝑤) 𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) 𝐴𝐴
𝑡𝑡

𝑤𝑤=1

𝑝𝑝

𝑧𝑧=1

 (15) 

 

𝑇𝑇𝑇𝑇7 = �� 𝐿𝐿𝐿𝐿𝐿𝐿(𝑧𝑧,𝑤𝑤) 𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) 𝐹𝐹
𝑡𝑡

𝑤𝑤=1

𝑝𝑝

𝑧𝑧=1

 (16) 

 

𝑇𝑇𝑇𝑇8 = �𝐿𝐿𝐿𝐿𝐿𝐿(𝑗𝑗) 𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗)
𝑝𝑝

𝑧𝑧=1

𝐺𝐺 (17) 

Restraint condition 
Based on the current situation of the reverse logistics network for end-of-life vehicles, this study 
establishes constraints from aspects such as the conservation of logistics volume between net-
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work nodes, limitations on the processing capacity of recycling centres, limitations on the disman-
tling capacity of dismantling centres, the number of established in the logistics network recycling 
centres, and integer constraints. 

(1) Constraints on conservation of logistics volume 

Based on the principle of material flow conservation between various nodes in the logistics net-
work, the following constraint conditions for material flow conservation are established. 
Balance of total material flow of end-of-life vehicles: 

�𝑄𝑄𝑄𝑄(𝑖𝑖)
𝑚𝑚

𝑖𝑖=1

= ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗)
𝑛𝑛

𝑗𝑗=1

𝑚𝑚

𝑖𝑖=1

= ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧)
𝑝𝑝

𝑧𝑧=1

𝑛𝑛

𝑗𝑗=1

= 

= ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤)
𝑡𝑡

𝑤𝑤=1

𝑝𝑝

𝑧𝑧=1

= ��𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤)
𝑡𝑡

𝑤𝑤=1

𝑝𝑝

𝑧𝑧=1

= �𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧)
𝑝𝑝

𝑍𝑍=1

 

(18) 

Conservation of material flow at node 𝑖𝑖 in each customer area: 

𝑄𝑄𝑄𝑄(𝑖𝑖) = �𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗)
𝑛𝑛

𝑗𝑗=1

             (𝑖𝑖 = 1,2,3, … ,𝑛𝑛) (19) 

Conservation of material flow at various network recycling and transfer centre nodes: 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗)
𝑛𝑛

𝑖𝑖=1

= �𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧)
𝑝𝑝

𝑧𝑧=1

(𝑗𝑗 = 1,2,3, … ,𝑚𝑚) (20) 

Conservation of material flow at nodes from steel mills, garbage dumps, remanufacturing compa-
nies to dismantling enterprises: 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧)
𝑚𝑚

𝑗𝑗=1

= �𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤)
𝑡𝑡

𝑤𝑤=1

(𝑧𝑧 = 1,2,3, … ,𝑝𝑝) (21) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧)
𝑚𝑚

𝑗𝑗=1

= �𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤)
𝑡𝑡

𝑤𝑤=1

(𝑧𝑧 = 1,2,3, … ,𝑝𝑝) (22) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧)
𝑚𝑚

𝑗𝑗=1

= 𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗)              (𝑧𝑧 = 1,2,3, … ,𝑝𝑝) (23) 

(2) Limitations on processing capacity of recycling centres 

According to the recycling capacity limit of the recycling centre, the 0-1 variable 𝑌𝑌(𝑗𝑗) of the recy-
cling centre meets the minimum and maximum processing quantity limits. The value of 𝑌𝑌(𝑗𝑗) is 
determined by the conservation constraint of the recycling centre's processing capacity, thereby 
determining the location: 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) ≤ 𝑁𝑁(𝑗𝑗) 𝑌𝑌(𝑗𝑗)    (𝑗𝑗 = 1,2,3, … ,𝑚𝑚)
𝑛𝑛

𝑖𝑖=1

 (24) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) ≤ 𝑁𝑁(𝑗𝑗) 𝑌𝑌(𝑗𝑗)    (𝑗𝑗 = 1,2,3, … ,𝑚𝑚)
𝑝𝑝

𝑧𝑧=1

 (25) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑖𝑖, 𝑗𝑗) ≥ 𝑃𝑃(𝑗𝑗) 𝑌𝑌(𝑗𝑗)    (𝑗𝑗 = 1,2,3, … ,𝑚𝑚)
𝑛𝑛

𝑖𝑖=1

 (26) 
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�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) ≥ 𝑁𝑁(𝑗𝑗) 𝑌𝑌(𝑗𝑗)    (𝑗𝑗 = 1,2,3, … ,𝑚𝑚)
𝑝𝑝

𝑧𝑧=1

 (27) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) ≤ 𝑀𝑀(𝑧𝑧)               (𝑧𝑧 = 1,2,3, … ,𝑝𝑝)
𝑚𝑚

𝑗𝑗=1

 (28) 

(3) Limitations on the dismantling capacity of the dismantling centre 
Establish constraint conditions based on the dismantling capacity limitations of each dismantling 
centre to meet the law of conservation of logistics volume between each node: 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑗𝑗, 𝑧𝑧) ≥ 𝐸𝐸(𝑧𝑧)    (𝑧𝑧 = 1,2,3, … ,𝑝𝑝)
𝑚𝑚

𝑗𝑗=1

 (29) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) ≥ 𝐸𝐸(𝑧𝑧)    (𝑧𝑧 = 1,2,3, … ,𝑝𝑝)
𝑡𝑡

𝑤𝑤=1

 (30) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) ≤ 𝑀𝑀(𝑧𝑧)    (𝑧𝑧 = 1,2,3, … , 𝑝𝑝)
𝑡𝑡

𝑤𝑤=1

 (31) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) ≥ 𝐸𝐸(𝑧𝑧)    (𝑧𝑧 = 1,2,3, … ,𝑝𝑝)
𝑡𝑡

𝑤𝑤=1

 (32) 

 

�𝑄𝑄𝑄𝑄𝑄𝑄(𝑧𝑧,𝑤𝑤) ≤ 𝑀𝑀(𝑧𝑧)    (𝑧𝑧 = 1,2,3, … ,𝑝𝑝)
𝑡𝑡

𝑤𝑤=1

 (33) 

(4) Limitation on the number of newly established recycling points: 

�𝑌𝑌(𝑗𝑗) = 3
3

𝑗𝑗=1

 (34) 

 

3 ≤�𝑌𝑌(𝑗𝑗) ≤ 5
n

𝑗𝑗=4

 (35) 

(5) Integer constraint: 

𝑌𝑌(𝑗𝑗) ∈ {0，1}    (𝑗𝑗 = 1,2,3, … ,𝑛𝑛) (36) 

4. Results of the study 
4.1 Example description and data source 

This article takes Shanghai, the fifth largest city in China in terms of car ownership, as a research 
example to analyse and verify the effectiveness of the model. Select participants closely related to 
the reverse logistics of end-of-life vehicles for on-site research and interviews, and obtain the re-
quired data from government official websites and relevant literature. 
 

(1) According to Google Maps data, Fig. 1 shows the distribution of end-of-life vehicle network 
nodes in Shanghai. 
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Fig. 1 Distribution of scrap vehicle network nodes in Shanghai 

 

(2) Distances between nodes were computed using Google Maps, with the following specifics: the 
distance between the customer area and the recycling centre; the distance between the recycling 
centre and the dismantling enterprise; the distance between the dismantling enterprise and the 
landfill plant; the distance between the dismantling centre and Shanghai Baosteel Group Corpo-
ration; and the distance between the dismantling enterprise and the remanufacturing company. 
Here, only the distance data between the 16 customer areas and the selected recycling centres for 
end-of-life vehicles in Shanghai are shown in Table 2. 
 

Table 2 Distance between customer area and recycling centre 
Distance 
(km) 

Wuning 
Road Service 
Branch 

Boyuan 
Road 
Service 
Branch 

Hulan Road 
Service 
Branch 

Shanghai 
Used Car 
Trade 
Market 

Shanghai 
Port 
second-hand 
car trading 
market 

Shanghai 
Xinzhuang 
Old Motor 
Vehicle 
Trading 
Market 

Shanghai 
Pudong Used 
Motor 
Vehicle 
Trading 
Market 

Shanghai 
Chongming Old 
Motor Vehicle 
Trading Market 

Shanghai 
Bailian 
United Used 
Motor Vehicle 
Trading 
Market 

Pudong New Area 23 45 23 54 17 29 13 90 18 
Huangpu 
District 

9.4 31 17 45 22 23 20 103 11 

Xuhui District 25 8 23 36 48 16 21 109 18 
Changning 
District 

3.3 18 20 33 31 19 23 104 13 

Jing'an District 5.4 26 17 40 30 20 21 102 11 
Putuo District 3.7 19 16 26 30 22 31 103 10 
Hongkou 
District 

11 34 15 38 16 28 19 90 8.9 

Yangpu District 16 35 22 43 16 29 17 89 16 
Minhang 
District 

19 23 33 36 46 5.7 21 115 27 

Baoshan District 24 38 10 51 22 43 37 98 19 
Jiading District 32 17 26 20 43 32 53 117 24 
Jinshan District 70 67 86 73 102 54 71 168 77 
Songjiang 
District 

40 38 54 44 67 21 41 137 48 

Qingpu District 38 36 55 25 62 28 52 143 50 
Fengxian District 43 48 57 62 67 31 42 139 51 
Chongming 
District 

101 118 98 125 81 120 95 2 93 

  
(3) The recycling of end-of-life vehicles is generally carried out through the recycling and disman-
tling company's doorstep transportation or by customers driving the vehicles that are about to be 
end-of-life to the recycling company. Based on actual research, this study believes that the trans-
portation unit fuel consumption during vehicle recycling is 0.2 liters/kilometre, and the freight 
cost between each node is shown in Table 3. 
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Table 3 Freight costs between nodes 
 V1 V2 A B C 

Freight cost 
(RMB/kilometre · vehicle) 2.8 0.8 0.16 0.4 0.9 

4.2 Prediction results of end-of-life vehicles in Shanghai 

The grey correlation analysis was carried out on the relevant indicators selected for the prediction 
of the number of 16 end-of-life vehicles from 2011 to 2018. Finally, with 0.83 as the threshold, 
Gross regional product, per capita gross product, total social consumer goods, disposable income 
of residents, and car ownership were taken as the main factors of the grey correlation prediction. 
The final prediction indicates that the number of cars scrapped in Shanghai from 2019 to 2021 is 
110,853, 130,054, and 140,509, respectively, as calculated using MATLAB. 

4.3 Analysis of the results of the reverse logistics network model for end-of-life vehicles in Shang-
hai 

Effectively reducing the cost of reverse logistics network 

Referring to the reverse logistics network data of end-of-life vehicles in Shanghai, a mixed integer 
programming (MILP) simulation network model was used to simulate the operation, and LINGO 
12 programming was used to solve the optimal solution. Integrate resources between various 
nodes to find the optimal traffic allocation result. And select a location for the recycling centre. 
The solution report is displayed as follows: 

Global optimal solution found. 
Objective value: 0.1302113E + 09 
Objective bound: 0.1302113E + 09 
Infeasibilities: 0.000000 
Extended solver steps: 0 
Total solver iterations: 149 

The current program has a total of 283 variables, with 149 iterations. The optimal value of the 
objective function min 𝑇𝑇𝑇𝑇 = 0.1302113𝐸𝐸 + 09, which means the logistics cost is 130429.9 million 
RMB. 

Recovery centre cost: 𝑇𝑇𝑇𝑇1 + 𝑇𝑇𝑇𝑇2 = 183800 + 811424 = 995224 
Logistics freight cost:𝑇𝑇𝑇𝑇4 + 𝑇𝑇𝑇𝑇5 + 𝑇𝑇𝑇𝑇6 + 𝑇𝑇𝑇𝑇7 + 𝑇𝑇𝑇𝑇8 = 2160869 + 658096.4 + 639380.5 + 
+ 1389350 + 822120.8 = 5669816.7 

At present, there are about 50 recycling points in the existing reverse logistics network for end-
of-life vehicles, and the average operating cost of each recycling point is about 300000 RMB. The 
total operating cost exceeds the sum of logistics freight cost and the operating cost of the recycling 
centre. 

Choosing the second-hand car market as the recycling and transfer centre and establishing a 
reverse logistics network system for end-of-life vehicles can effectively reduce the logistics and 
operational costs of reverse logistics for end-of-life vehicles. Allowing profits to end-of-life vehi-
cles dismantling companies increases the profit margin of the dismantling centre, causing a large 
number of end-of-life vehicles flowing into informal channels such as the underground black mar-
ket to flow into formal channels for scrapping. 

Effectively improving the recycling rate of reverse logistics networks 
Table 4 Scrap vehicle recycling data from 2015 to 2016 

Time Car ownership  
(10000 units) 

 Theoretical scrap 
volume  
(10000 units) 

Actual cancellation 
volume  
(10000 units) 

Actual recycling 
volume  
(10000 units) 

2015 332.35  13.2 8.5 4.01 
2016 359.48  14.37 9.7 4.2 
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The theoretical scrap quantity is generally 4 % of the total inventory, taking the historical 
data in Table 8 for 2016 as an example: 

 

Actual scrap rate =
Actual cancellation volume
Theoretical scrap volume

· 100 % =
9.7

14.37
· 100 % = 67.5 % 

 

Actual recovery rate =
Actual recycling volume

Actual cancellation volume
· 100 % =

4.2
9.7

· 100 % = 43.2 % 
 
According to industry calculations, generally 40 % enter formal dismantling channels, 30 % 

are illegally dismantled and dismantled, and 30 % are re launched through second-hand modifi-
cations. Half of the 46700 end-of-life vehicles that have not been deregistered can be recovered 
and deregistered through inspection of the second-hand car market. 

 

Actual scrap rate =
Actual cancellation volume
Theoretical scrap volume

· 100 % =
12.04
14.37

· 100 % = 83.8 % 

 

Actual recovery rate =
Actual recycling volume

Actual cancellation volume
· 100 % =

6.535
12.035

· 100 % = 54.3 % 
 
Using data from 2016, it is expected that the actual scrap rate will increase from 67.5 % to 

83.8 %, and the actual recovery rate will increase from 43.2 % to 54.3 %. 

Optimization of site selection for network recycling centres 

According to the results of 𝑌𝑌(𝑗𝑗), the following six second-hand car trading markets will be desig-
nated as the recycling transfer points for the reverse logistics network of end-of-life vehicles in 
Shanghai in the future, as shown in Table 5. 
 

Table 5 Location of network recycling centres using the used car market as a transit point 
Wuning Road Service Branch 2907 Zhongshan North Road, Putuo District, Shanghai 

Boyuan Road Service Branch Certification Hall, Floor 1, No. 969, Boyuan Road, Jiangqiao 
Town, Jiading District, Shanghai 

Hulan Road Service Branch Room 108, Building 4, No. 525 Hulan Road, Baoshan District, 
Shanghai 

Shanghai Xinzhuang Old Motor Vehicle Trading Market 3318 Gudai Road, Shanghai 
Shanghai Pudong Used Motor Vehicle Trading Market 1441 Yuqiao Road, Pudong New Area, Shanghai 
Shanghai Bailian United Used Motor Vehicle Trading Market 3550 Gonghexin Road, Jing'an District, Shanghai 

Optimized allocation of network resources 

Based on the above site selection optimization results, the following resource optimization allo-
cation suggestions are proposed to effectively reduce the total operating cost of the entire re-
verse logistics network for end-of-life vehicles. 
 
(1) The flow distribution between the customer area and the recycling area is shown in Table 6. 
 

Table 6 Flow Distribution of customer area – Recycling area (Unit: Vehicles) 
Distance (km) Wuning 

Road 
Service 
Branch 

Boyuan Road 
Service 
Branch 

Hulan 
Road 
Service 
Branch 

Shanghai 
Used Car 
Trade 
Market 

Shanghai Port 
second-hand 
car trading 
market 

Shanghai Xin-
zhuang Old 
Motor Vehicle 
Trading Mar-
ket 

Shanghai 
Pudong Used 
Motor Vehicle 
Trading Mar-
ket 

Shanghai Chong-
ming Old Motor 
Vehicle Trading 
Market 

Shanghai 
Bailian United 
Used Motor 
Vehicle Trad-
ing Market 

Pudong New Area 0 0 0 0 0 0 0 0 1236 
Huangpu District 0 0 0 0 0 1110 7608 0 0 
Xuhui District 0 5341 0 0 0 0 0 0 0 
Changning District 694 1150 0 0 0 3043 0 0 0 
Jing'an District 0 1586 3968 0 0 0 0 0 2218 
Putuo District 6306 0 0 0 0 0 0 0 0 
Hongkou District 0 0 0 0 0 0 0 0 9154 
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Table 6 (Continuation) 
Yangpu District 0 0 0 0 0 0 0 0 5830 
Minhang District 0 0 0 0 0 1850 0 0 0 
Baoshan District 0 0 2032 0 0 0 0 0 0 
Jiading District 0 923 0 0 0 0 0 0 0 
Jinshan District 0 0 0 0 0 370 0 0 0 
Songjiang district 0 0 0 0 0 785 0 0 0 
Qingpu District 0 0 0 0 0 490 0 0 0 
Fengxian District 0 0 0 0 0 452 0 0 0 
Chongming District 0 0 0 0 0 0 156 0 0 

(2) To reduce costs, the following flow distribution plan is proposed for the recycling centre to the 
dismantling centre, as shown in Table 7. 

Table 7 Flow distribution of recycling centre – Dismantling centre (Unit: Vehicles) 
Distance 
(km) 

Xinguang 
Renewable 
Resources 
(Shanghai) Co., 
Ltd 

Oulubao 
(Baosteel) 
Dismantling Co., 
Ltd 

Shanghai 
Huadong 
Dismantling Co., 
Ltd 

Shanghai 
Huajian 
Dismantling Co., 
Ltd 

Shanghai Motor 
Vehicle Recycling 
Service Centre 

Shanghai 
Xinzhuang 
Dismantling Co., 
Ltd 

Shanghai Jiaoyun 
Bus Dismantling 
Co., Ltd 

Wuning Road 
Service Branch 

0 0 0 0 0 0 7000 

Boyuan Road 
Service Branch 

8000 0 0 0 0 0 1000 

Hulan Road Service 
Branch 

0 6000 0 0 0 0 0 

Shanghai Used Car 
Trade Market 

0 0 0 0 0 0 0 

Shanghai Port 
second-hand car 
trading Market 

0 0 0 0 0 0 0 

Shanghai 
Xinzhuang Old 
Motor Vehicle 
Trading Market 

0 0 0 0 0 8000 0 

Shanghai Pudong 
Used Motor Vehicle 
Trading Market 

0 9000 0 0 0 0 0 

Shanghai 
Chongming Old 
Motor 
Vehicle Trading 
Market 

0 0 0 0 0 0 0 

Shanghai Bailian 
United Used Motor 
Vehicle Trading 
Market 

0 5000 3000 2500 2800 1902 2000 

 
(3) The article proposes that Xinguang Renewable Resources (Shanghai) Co., Ltd. will transport 
the dismantled waste to Chongming Garbage Dump. Within the upper limit of the treatment ca-
pacity of the Laogang Garbage Dump, the dismantling company will try its best to transport the 
waste to the Laogang Garbage Dump for treatment, as shown in Table 8. 

 
Table 8 Flow distribution of dismantling centre – Landfill plant (Unit: Vehicles) 

Distance 
(km) 

Xinguang 
Renewable 
Resources 
(Shanghai) 
Co., Ltd 

Oulubao 
(Baosteel) 
Dismantling Co., 
Ltd 

Shanghai 
Huadong 
Dismantling 
Co., Ltd 

Shanghai 
Huajian 
Dismantling 
Co., Ltd 

Shanghai Motor 
Vehicle Recycling 
Service Centre 

Shanghai 
Xinzhuang 
Dismantling 
Co., Ltd 

Shanghai 
Jiaoyun Bus 
Dismantling 
Co., Ltd 

Chongming Garbage 
Landfill Plant 

8000 0 0 0 0 0 0 

Laogang Solid Waste 
Comprehensive 
Utilization Base 

0 20000 3000 2500 2800 9902 10000 

 
(4) The flow distribution between the dismantling centre and the steel plant is shown in Table 9. 
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Table 9 Flow distribution of dismantling centre – Steel plant (Unit: Vehicle) 
Distance 
(kilometre) 

Xinguang 
Renewable 
Resources 
(Shanghai) Co., 
Ltd 

Oulubao 
(Baosteel) 
Dismantling 
Co., Ltd 

Shanghai 
Huadong 
Dismantling 
Co., Ltd 

Shanghai 
Huajian 
Dismantling 
Co., Ltd 

Shanghai Motor 
Vehicle Recycling 
Service Centre 

Shanghai 
Xinzhuang 
Dismantling 
Co., Ltd 

Shanghai Jiaoyun 
Bus Dismantling 
Co., Ltd 

Shanghai 
Baosteel Group 
Corporation 

8000 20000 3000 2500 2800 9902 10000 

 
(5) The article puts forward the opinion that Oulubao (Baosteel) Vehicle Dismantling Co., Ltd. and 
Shanghai Jiaoyun Bus Dismantling Co., Ltd. will transport the five major assemblies of the recov-
ered vehicles to SAIC Motor, and other dismantling companies in Shanghai will transport the five 
major assemblies of the recovered vehicles to Shanghai Fumei Auto Automatic Transmission 
Technical Service Co., Ltd, as shown in Table 10. 
 

Table 10 Flow distribution of dismantling centre – Remanufacturing company (Unit: Vehicle) 
Distance 
(km) 

Xinguang 
Renewable 
Resources 
(Shanghai) 
Co., Ltd 

Oulubao 
(Baosteel) 
Dismantling 
Co., Ltd 

Shanghai 
Huadong 
Dismantling 
Co., Ltd 

Shanghai 
Huajian 
Dismantling 
Co., Ltd 

Shanghai Motor 
Vehicle Recycling 
Service Centre 

Shanghai 
Xinzhuang 
Dismantling 
Co., Ltd 

Shanghai Jiaoyun 
Bus Dismantling 
Co., Ltd 

Shanghai Xingfu 
Rebede Powertrain 
Co., Ltd. 
(SAIC Motor) 

0 20000 0 0 0 0 10000 

Shanghai Fumei 
Auto Automatic 
Transmission 
Technical Service 
Co., Ltd. (authorized 
by Dongfeng 
Peugeot-Citroën and 
Great Wall Motor) 

8000 0 3000 2500 2800 9902 0 

5. Discussion 
In terms of theoretical contributions, this study mainly analyses and predicts the prospects of 
Shanghai's automobile market first, then breaks the tradition that most scrap automobile disman-
tling companies in Shanghai set up recycling centres only to collect materials rather than serve as 
transfer points, and establishes a tripartite logistics network system with the second-hand car 
trading market as the recycling centre to realize the optimal layout of full coverage of recycling 
points and distribution systems. The most efficient implementation of transport. 

At the same time, this study also has great practical significance to the society. First of all, the 
automobile manufacturing industry consumes a lot of resources, and its development speed is 
accelerating, and the demand for resources is also increasing. Research on the reverse logistics 
network of end-of-life vehicles is conducive to improving the utilization rate of resources, pro-
moting the development of circular economy [28], and promoting the recycling of raw materials 
such as steel, rubber, non-ferrous metals and the five assemblies of automobiles. In addition, the 
exhaust gas emitted by end-of-life vehicles on the road will be three times that of ordinary cars, 
and the unreasonable disposal of end-of-life vehicles will cause serious potential environmental 
pollution problems. This study focuses on the control of reverse logistics of automobiles, which is 
helpful to reduce environmental pollution and reduce the harm to the environment caused by the 
use of end-of-life vehicles. At the enterprise level, in the recycling process, more than 95 % of the 
raw materials of an old automobile can be reused. Realizing the recycling of end-of-life vehicles 
parts and five assemblies is conducive to reducing the production cost of enterprises, improving 
the utilization rate of raw materials in the automotive manufacturing field, reducing the cost of 
raw materials, and creating profits for the forward logistics process of automobiles. 
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6. Conclusion 
This study proposes a logistics network location planning and flow allocation proposal with the 
second-hand car market as the recycling centre. Based on the historical number of end-of-life ve-
hicles in Shanghai, the future quantity is predicted and used as input data for the model to simu-
late network operation. The grey prediction results show that the recycling volume of end-of-life 
vehicles in Shanghai will reach 140000 in 2021, and the prospects for the end-of-life vehicles re-
cycling industry are very optimistic. To solve the optimization problem of reverse logistics net-
work for end-of-life vehicles, this study used LINGO 12 software for model solving. The obtained 
resource optimization allocation plan effectively improves the actual recovery rate and reduces 
the operational and logistics costs of the logistics network. 

The reverse logistics network of end-of-life vehicles is a complex and uncertain system. How-
ever, the research object of this paper is only the reverse logistics network of end-of-life vehicles 
with single-variety, single-cycle, recycling manufacturing and utilization, which is complex and 
multi-product in reality. The detailed study of multi-product situation is more suitable for practi-
cal problems. The construction of mixed integer model considering environmental protection, 
economy, resource utilization and other benefits can provide a comprehensive framework for 
scrap vehicle reverse logistics network. The follow-up research will also focus on the dynamic 
prediction of the amount of recycling, which will be based on the changes of many factors such as 
market demand, technological development, policies and regulations, in order to realize the dy-
namic real-time allocation of resources and adapt to the changing environment and market de-
mand, so as to achieve the innovation breakthrough of reverse logistics network. 
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