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Abstract — To evaluate the investment in End-of-Life Vehicle (ELV) disassembly line, the layout of the disassembling equipment 
dictates the plant’s efficiency, the building utilization ratio and the manpower allocation, and thus significantly affects its overall 
efficiency and benefits. The traditional layout patterns of ELV equipment mainly rely on the designers’ experiences and often lacks 
theoretic analyses and calculations. Accordingly, the investment benefits can hardly be guaranteed. In this paper, the disassembly 
modes of ELV are analyzed and then an optimization model of ELV equipment layout based on the rate of return on investment is 
presented. Using the Particle Swarm Optimization (PSO) algorithm, the model is computed. Finally, as examples the layout 
patterns of the disassembly equipment in two different enterprises are optimized to verify the feasibly of this approach and 
algorithm. 
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I. INTRODUCTION 
 
The development of the industrialized society has 

witnessed a rapidly increasing number of end-to-life vehicles 
(ELV). Currently, the Government and all sectors of society 
pay increasingly close attention to the disassembling and 
recycling of the ELV due to their great significances to 
environmental protection, energy saving and the creation of 
economic and social benefits. As with the common 
manufacturing enterprises, the enterprises engaged in 
disassembling ELV can effectively handle the ELV on the 
premise that the economic benefits can be guaranteed; 
otherwise, they cannot survive. For these ELV disassembly 
enterprises, the overall economic benefits are closely 
correlated with their disassembly modes, especially the 
layout patterns of the disassembling equipment. The layout 
pattern of the disassembling equipment relates directly to the 
enterprise’s operating efficiency, the utilization ratio of the 
plant buildings and the reasonable allocation of workers and 
material resources, and thus significantly affects the 
enterprises overall benefits. At present, the ELV disassembly 
enterprises mainly rely on the designers’ experiences rather 
than scientific theoretical analyses and calculations when 
making the general planning and design, i.e., the enterprises
’ investment benefits can hardly be guaranteed.  

The scholars have conducted lots of studies regarding the 
recovery processing of ELV. Muhamad et al. investigated 
the basic flow of the ELV recovery processing and 
concluded the related characteristics in some major countries 
all over the world [1]. From the perspective of ergonomics, 
Karolina et al. studied the design approach of the ELV 
disassembly line [2]. Ziqiang et al. proposed an ELV 

disassembly mode consisting of several flexible 
disassembling units at different workstations [3]. In terms of 
development tendency, it is widely accepted to conduct a 
high-efficiency and fine disassembly process on the ELV, 
and then some components or parts are selected for 
remanufacturing and recycling.  

However, there are few studies on the layout patterns of 
the ELV disassembling equipment so far. Only a small group 
of scholars examined the general design method of the 
disassembly line for the waste products. Considering the 
changing requirements of the disassembly line, Ying Tang et 
al. proposed a heuristic model based on Petri net and listed 
the corresponding solving methods [4]. Sunder Kerkre et al. 
studied the time model of the reconfigurable disassembly 
line and conducted the simulations on the processing 
efficiency of the disassembly line consisting of various 
operating units [5]. With regard to the cooperative control of 
the mixed production line combining assembly and 
disassembly, Eugenia Minca et al. advanced a control mode 
based on the Temporied Recurrent Petri Nets [6]. Can B et 
al. investigated the balancing of the disassembly line using 
the ant colony optimization algorithm [7], while Robert J 
investigated this issue using the joint precedence graph [8]. 
Paul G. Ranky et al. proposed the concept of an agile layout 
of disassembly line and constructed the corresponding 
simulation models [9]. Using the multi-kanban method, 
Mehmet Ali et al. studied the control process of the 
disassembly line with embedded sensors for washing 
machines so as to address the uncertainty of the components 
in waste products and enhance the processing efficiency 
[10]. Based on the investigations of the layout pattern and 
the operating procedure of the existing workshops, Ehan 
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Hahhbazi et al. constructed a mathematical model for the 
workshop layout and put forward a heuristic algorithm for 
the optimization of the workshop layout [11]. Kazi et al. 
proposed a hybrid genetic algorithm (HGA) based on 
jumping genes and thereby effectively addressed the 
dynamic equipment layout problems [12]. 

From the viewpoint of the disassembling and recycling of 
the end-to-life vehicles, multiple factors such as the amount 
of processing, labor cost and land cost should be taken into 
accounts before the establishment of the ELV disassembly 
enterprise, and the optimized layout pattern of the 
disassembly equipment was determined. Accordingly, the 
disassembly equipment were reasonably designed and 
installed so that the enterprise’s comprehensive economic 
benefits can be guaranteed. Following this line of thinking, 
the related model and processing method were discussed in 
this article.   

II. PROBLEM OF THE LAYOUT OF THE ELV DISASSEMBLY 

EQUIPMENT 

A. Disassembly approach for ELV   

 

Figure 1.  Principle of the disassembly line. 

      Currently, the layout pattern in the ELV enterprises 
mainly includes two modes—the disassembly line method 
and the discrete multi-point operating method. Fig.1 
illustrates the fundamental principle of the former mode. 
Using this method, various disassembling equipment were 
arranged along a transmission line for disassembling the 
different components. For a disassembly line, the number of 
working units is tightly related to its production ability. 
When the amount of ELV for disassembly is great, a certain 

working unit can be decomposed into several small units. 
For example, the disassembly station for the interiors of ELV 
can be further divided into the seat disassembly station, the 
steering wheel disassembly station and the instrument 
disassembly station so as to improve the efficiency. 
Accordingly, the investments with whole the equipment will 
also be increased. Fig. 2 illustrates the principle of the 
discrete multi-point operating mode. In this method, several 
multi-functional disassembling equipment were scattered in 
the workshop. Most of the disassembly work can be 
executed with one facility, and thereby, only a small number 
of disassembling equipment is needed. Generally, the 
forklifts are used for the transmission of ELV between the 
equipment of disassembly. Since most of the disassembly 
work is completed manually. As a consequence, compared 
with the former method, the disassembling efficiency of 
latter mode is lower than the former. 
 

 
Figure 2.  Principle of the discrete multi-point disassembly. 

 
 

The above-described disassembly modes are different 
and vary in principle, investment and operator requirements. 
Therefore, we should construct a quantitative model and 
make reasonable assessments for the requirements of 
different investors. 

 

B.  Disassembly equipment layout model for ELV 

 
Aiming at maximizing the rate of return of the ELV 

disassembly scheme, the rate of return on equipment 
investment was adopted as the basis concept, and the ELV 
disassembly equipment layout model was constructed and 
expressed as follows: 
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In this model, the objective function in Eq. (1) is defined 

based on the rate of return on investments, which was 
expressed as the ratio of the gross profit G to the total 
investment I. In this paper, we only focused on the 
investments on disassembling equipment, without any 
considerations on the investments on the buildings and other 
facilities. In Eq.(1), M denotes the profits from the 
disassembly of an ELV; Q denotes the expected disassembly 
amount of ELV; S denotes the annual cost of per worker; n 
denotes the number of workers; Ci denotes the costs of a set 
of equipment i, i = 1, 2, …., k, (k denotes the equipment 
types);  n denote the number of workers who operate the 
equipment. In detail, n is defined by following equation (5). 
Where xi denote the number of equipment i. And ui denote 
the number of workers for a set of equipment i. 
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In the above described constraint conditions, Eq. (2) 

refers to the investment constraint, i.e., the total investments 
cannot exceed the preset upper limit of investment (Imax).  

Eq. (3a) and Eq. (3b) refer to the constraints on the ELV 
disassembly amount. The disassembly amount of ELV in the 
planning scheme should be within the preset disassembly 
amount. It should be noted that the calculation methods of 
the ELV disassembly amount are different for this two 
modes (the disassembly line method and the discrete multi-
point operating method). Specially, Eq. (3a) is applicable to 
the disassembly line mode while Eq. (3b) is applicable to the 
discrete multi-point disassembly mode, in which Pi denotes 
the disassembly capacity of the equipment i on the 
disassembly line and Pi’ denotes the disassembly capacity of 
the equipment i in the discrete multi-point mode. 

 Eq. (4a) and Eq. (4b) represent the constraints on the 
decision variables. On a disassembly line, an upper values 
existed when the workstations were further refined, i.e., a 
certain amount of the same equipment can be added for 
disassembly operations. Meanwhile, assume that one 
disassembly equipment of each type should be installed at 
least in order to complete the various disassembly operations. 
While in the discrete multi-point method, at least one 
disassembly equipment of each type is required, with no 
upper limit. 

 
  

III. PSO ALORITHM FOR DISASSEMBLY EQUIPMENT 

LAYOUT  

 
The above defined objective functions of the ELV 

disassembly equipment layout model belong to nonlinear 
functions, and the variables are restricted to being integers. 
Accordingly, it is a nonlinear integer-programming model 
and can hardly be solved with traditional methods. In this 
paper, the particle swarm optimization (PSO) algorithm was 
applied for optimizing the ELV disassembly equipment 
layout model. 

 The PSO algorithm is a population based stochastic 
optimization technique [13]. Its principle is described below. 
Assuming a population consisting of m particles, 

1( ,..., ,..., )i DX x x x
, in a D-dimensional space, the 

position and the velocity of the i particle are denoted as 

1 2( , ,..., )T
i i i iDx x x x

 and 1 2( , ,..., ,..., )T
i i i id iDV v v v v , 

respectively, and the individual extremum and the 
populations global extremum are denoted as 

1 2( , ,..., )T
i i i iDp p p p  and 1 2( , ,..., )T

g g g gDp p p p
, 

respectively. On the basis of the principle of following the 

current global best particle, the particle ix
 will change its 

position and velocity according to the following Eq. (6) and 
Eq. (7): 
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In which j = 1, 2, …, D; i = 1, 2, …m; m denotes the 

population size; t denotes the current evolution coefficient; 
r1 and r2 are the random numbers within the range of [0,1]; 
and c1 and c2 denote the acceleration constants. 
      During the solution of the ELV disassembly equipment 
layout model, the fitness function of the particles is the 
objective function as described in Eq. (1). The target is to 
acquire the disassemble mode and the equipment parameters 
which satisfy all the constrain conditions. To be specific, the 
optimization algorithm is described below in detail.   
Step 1: 
    The random positions and velocities of the particle 

swarm were initially set. The particles denoted by the 
random numbers were adopted as the weights of the 
equipment, and then the numbers of the various decoded 
equipment were acquired. Finally, the parameters of the 
solution were acquired by decoding. The specific procedure 
is illustrated in Fig. 3.  
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1 2

1 65432

 
Figure 3.  Principle of the discrete multi-point disassembly. 

 
Taking the configuration of two types of equipment as an 

example, the construction procedure of the feasible solution 
is elaborated. The numbers of these two types of equipment 
were selected as 1, 2 or 3. As shown in Fig. 3, a group of six 
random particles within the range of [0, 1] were firstly 
generated. The first three particles corresponded to the 
Equipment 1, and the value of the particle with the 
dimension of 2 was maximal. According to the above 
mentioned principle that the number of the equipment equals 
to the dimension of the maximum random particle minus the 
minimum dimension of the particle corresponding to the 
equipment then plus 1, i.e., the number of the Equipment 1 
can be calculated by 2-1+2 = 1. For the latter three particles 
corresponding to the Equipment 2, the value of the particle 
with the dimension of 6 was maximal, so the number of the 
Equipment 2 can be calculated by 6-4+1 = 3. 
Step 2: 
     The individual fitness value of each particle, Fj, is 
calculated, and then compared it with the individual 
extremum, Pbest(j). If Fj>Pbest(j), then, Fj would substitute 
for Pbest(j).  
Step 3: 
     The individual fitness value of each particle, Fj, is 
compared with the global extremum Gbest(j). If Fj>Pbest(j),  
Fj would substitute for Gbest(j).  
Step 4： 

 The evolutionary computations are performed on the 
velocity and position of each particle in accordance with Eq. 
(6) and Eq. (7). 
Step 5： 
      The number of the equipment matched with the 
maximum particle dimension was adopted as the currently 
selected number, and then the current solution was 
calculated in order to determine whether it satisfied the 
constraints conditions for the investment and the 
disassembly amount or not. If the constraint conditions 
could be satisfied, the fitness value was calculated according 
to the Step 2; else, the algorithm would end. 
Step 6:  

 The calculation results were output, and then the 
disassemble mode and the corresponding equipment 
parameters were acquired by decoding the random numbers 
as shown in Fig. 3.   

IV. CASE STUDY 

A. Case 1 

There is an Enterprise A intends to invest the 
establishment of an ELV disassembly factory, the basic 
information are listed in Table 1. 

TABLE I.  PARAMETER OF INVESTMENT OF ENTERPRISE A 

Parameter Quantity Note 

Investment of equipment 
500,0000 

RMB 
 

Predicted upper limit of the 
disassembly amount 

10000 ELV/year 

Cost of ELV 2250 RMB Average 

Cost of labor 
45000 
RMB 

Per 
person/Year 

Sum of income 3200 RMB 
Each ELV 
(Average) 

The parameter of disassembly equipment (including 
equipment for disassembly line method and discrete multi-
point method) are listed in Table2. 

TABLE II.  PARAMETER OF INVESTMENT OF ENTERPRISE A 

Name of 
equipment

Cost of equipment 
Disassembly 

capacity 
Number of 

workers 

Pre-treatment 
equipment 

380,000 RMB 4800 2 

Interiors 
disassembly 
equipment 

170,000 RMB 3600 2 

Engine 
disassembly 
equipment 

220,000 RMB 4600 2 

Body separation 
equipment 

220,000 RMB 4200 1 

Transmission 
equipment 

1200,000 RMB 6000 0 

Multi-function 
disassembly 
equipment 

390,000 RMB 550 3 

Baler 
equipment 400,000  RMB 1800 2 

 
According to above listed data, the optimization of 

equipment layout is conducted with PSO algorithm; the 
results demonstrate that using the disassembly line, the rate 
of return is 58.1%. The convergence curve of calculation is 
as shown in Fig.4.  The total investment is 4.78 million 
RMB, the number of ELV for disassembly is 7200. The 
scheme of equipment layout is composed of 2 sets of pre-
treatment equipment, 2 sets of body separation equipment 
and so on. And the baler equipment is required for 4 sets. 
Besides all the equipment for disassembly line method, a 
transmission is needed for transforming the ELV from one 
station to another automatically.  
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Figure 4.  Convergence curves of iteration process. 

       
While planning the equipment layout with discrete multi-

point disassembly mode, the rate of return is 39.04%, the 
total investment is 4.68 million RMB, the number of annual 
ELV for disassembly is 5500. The convergence curve of 
calculations is illustrated in Fig. 5.   This scheme composed 
of 10 set of multi-functional disassembly equipment and 
other equipment. By comparison, it is more reasonable for 
the Enterprise A to adopt the disassembly line mode.  
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Figure 5.  Convergence curves of iteration process. 

 

B. Case 2 

 
There is another enterprise B, intends to invest the 

establishment of an ELV disassembly factory, the basic 
parameters of investment are listed in the Table 3. The 
information of disassembly equipment is the same as the 
Table 2. 

 
 
 

TABLE III.  PARAMETER OF INVESTMENT OF ENTERPRISE B  

Parameter Quantity Note 

Investment of equipment 
200,0000 

RMB 
 

Predicted upper limit of the 
disassembly amount 

2500 ELV/year 

Cost of ELV 2250 RMB Average 

Cost of labor 
42000 
RMB 

Per 
person/Year 

Sum of income 2800 RMB 
Each ELV 
(Average) 

 
After the iterative calculations with PSO algorithm for 

multiple times, the result of optimization is generated. And 
the convergence curses are as shown in Fig. 6. The results 
demonstrated that, using the disassembly line mode, there is 
no correct solution for algorithm.  

 While with discrete multi-point disassembly method, the 
rate of return is 22.5%, the total investment is 1850000RMB. 
The number of annual disassembly ELV is 1650 and 3 sets 
of the multi-functional disassembly equipment and one set of 
pre-treatment equipment, one set of baler are required. 
Accordingly, for the Enterprise B, to configure the 
disassembly equipment with discrete multi-point 
disassembly method with above parameter is more 
reasonable. 
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Figure 6.  Convergence curves of iteration process. 

 

V. CONCLUSIONS 

 
For an ELV disassembly enterprise, the planning of 

equipment layout is affected by the total investment, 
processing efficiency and comprehensive incomes. Thus, the 
disassembly equipment layout should be selected according 
to the enterprise’s practical situations. The disassembly line 
mode is applicable to the enterprises with great disassembly 
amounts. Using this production line mode, the processing 
efficiency can be significantly enhanced; however, this mode 
puts forward higher demands for management and control. 
Therefore, some additional costs are added. Using the 
discrete multi-point disassembly mode, since only one type 
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of multi-functional disassembling equipment is used; the rate 
of return is entirely determined by the price of equipment 
and disassembly ability of each year. In the cases with 
relatively fewer investments or fewer disassembled ELV, 
this mode can produce higher comprehensive rate of return. 
It should be specifically noted that the rate of return in this 
article refers to the rate of return of the equipment. If the 
building costs, the management costs and the taxes & fees 
are all included, the comprehensive rate of return is smaller 
than present result. In this article, with the rate of return of 
the equipment as the optimization objective, an integer 
programming model was constructed and solved with the 
PSO algorithm. This approach is of great significances to 
making quantitative assessments on the planning of ELV 
disassembly enterprises. However, the balances among the 
operations of various equipment have not been fully 
considered, which will be the focus in the future studies. 
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