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 
Abstract—In this paper, a reverse supply chain network is 

investigated for a decision making. This decision is surrounded by 
complex flows of returned products, due to the increasing quantity, 
the type of returned products and the variety of recovery option 
products (reuse, recycling, and refurbishment). The most important 
problem in the reverse logistic network (RLN) is to orient returned 
products to the suitable type of recovery option. However, returned 
products orientations from collect sources to the recovery disposition 
have not well considered in performance model. In this study, we 
propose a performance model for designing a network configuration 
on reverse logistics. Conceptual and analytical models are developed 
with taking into account operational, economic and environmental 
factors on designing network.  

 
Keywords—Reverse logistics, Network design, Performance 

model, Open loop configuration. 

I. INTRODUCTION 

HE rapid changes, competition and technical innovation in 
market have increased the variety of used products [1]. 

Used products have received attention, in part, by legislation 
such as the end of life vehicle directive (WEEE). An 
environmentally friendly firm is merged to improve the 
environmental image by removing the growing waste [2]. 
Indeed, complexity of reverse logistics process has increased 
the opportunity for saving cost and improves competiveness. 
The design of reverse logistic network requires an economical 
and environmental quantification. It concerns, for example, the 
choice of deposit locations, their capacities, quantity of 
returned product, etc. 

In recent years, reverse network configuration has seen an 
increased research due to the competitiveness customers' 
varied expectation [3]. The majority of researches use the 
linear programming formulation to develop a network 
configuration problem. It can determine an optimal number of 
these manufacturing centers, suppliers, transshipments, 
productions, and the stocking of the optimal quantities of 
remanufactured Thus, the network design is being important 
not only for creating value associated to the returned products, 
but also by examining the impact of appropriateness of 
network designs [9] on management orientation of returned 
products. The network design is considered as complex 
decision due to the growth of type and number of returned 
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products. It refers to the distribution activities involved in 
products returns, source reduction conservation recycling, 
substitution, reuse, disposal refurbishment, repair and 
remanufacturing [10] products and used parts [4], [5]. Despite 
it optimality, these models are not considering the various 
characterizations of the reverse logistics. Researchers are 
looking for efficient ways in order to meet decision making, 
related to the selection of alternatives reverse network [6]-[8].  

The concept of performance model can allow decision 
maker to an effective and efficient decision on different 
recovery alternatives. For this purpose, integrated logistics 
network design is critical to avoid a successful managing. 
Thus, several researches consider this problem as an 
optimizing problem [11]-[14]. 

Measuring the performance of supply chain is a merge of 
many ways: analyzing the external changes, improving 
performance, achieving a better satisfaction and choosing the 
right decision of the objectives. Moreover, the concept of 
measuring performance may involve the best decision in 
various contexts characterizing different alternatives. It offers 
to the decision maker to analyze the impact of changing, in 
order to adjust decision to the fixed objective. 

Performance measurement is defined as “the process of 
quantifying the effectiveness and efficiency of action. 
Effectiveness is the extent to which customer’s requirements 
are met and efficiency measures. How economically a firm’s 
resources are utilized when providing a pre-specified level of 
customer satisfaction” [15] Performance model appears to 
offer practitioners and researchers to get solutions on 
managing and improving effectiveness and efficiency of the 
variety of measures and metrics supply chain. The excellent 
overview of performance models provides by [16], highlight 
their specific characteristics and applicability in different 
contexts, while providing decision assistance framework that 
will allow managers to choose the model that offers a kind of 
analysis they need. This study is needed to generate a new 
model capable of integrating new ways of creating value for 
the whole supply chain. The scope of this paper presents a 
performance model for network decision in reverse logistics 
field. The proposed performance model is used to investigate 
the impact of economic and environmental factor to choose an 
appropriate orientation of recovery products under variation of 
capacity, quantity and quality of products. 

Our contribution is twofold: first original is to develop a 
new model for assessing a reverse logistics chain for multi-
recovery alternatives and multi-type of products applied in 
open loop configuration. This model allows the decision 
maker to achieve the optimality, presented by linear 
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programming model mainly for reducing cost and satisfying 
footprint emission. Second, this model allows decision maker 
to follow the suitable network design of the reverse supply 
chain. The paper is divided into five sections as follows: 
Section II presents a relevant literature review on the main 
performance models. Section III describes both proposed 
conceptual and analytical models. Section IV provides a 
numerical example following by a comparison between two 
cases: considering environmental factor or without taking into 
account environmental factor. Section V concludes by 
suggesting directions for future research. 

II. LITERATURE REVIEW 

A lot of previous researches on performance model are 
concentrated on managing supply chain practices, improving 
the performance of each system such as Supply Chain 
Operation Reference (SCOR), Quality Management 
Excellence Model (EFQM), BSC (Balanced Scored Card) and 
GSCF (Global supply chain framework). SCOR Model 
presents an important issue to measure four dimensions: 
reliability of commercial performance, flexibility/ 
responsiveness, cost of supply chain and turnover of 
committed capital [17]. Moreover, many measures emphasize 
customer relationship, customer relationship management, 
customer service management and customer internal such as 
EFQM, BSC and GSCF. EFQM is oriented to determine 
efficiency, relating to product, services, and personnel 
management. However, BSC is permitted to analyzed strategy, 
organization and logistic competence by combining non-
financial indicators such as service quality, employee morale 
and customer satisfaction. Using links between supply chain 
and process, GSCF can be practice to provide coordination 
between activities and processes within and between 
organizations in the supply chain. Several measuring 
performance tools are based on economic performance to 
minimize cost due to financial piloting indicators. An 
important issue in evaluating performance seeks to improve 
economic factors with implementation of measure 
performance. Activity-Based Costing (ABC) can reduce costs 
and improves the resource allocation, which contribute 
managing various operations management decisions. In other 
hand, economic factors are not considered on certain 
performance models such as (APICS) association for 
Operations Management Model, Global EVALOG, SASC 
(Strategic Audit Supply Chain), ASLOG audit can evaluating 
process and procedures in supply chain. Aims to implement a 
good practice, ASLOG audit provide to analyze strengths and 
weakness of logistics procedures. In the same way, SASC 
model is applied at organizational level to link competencies 
to information technology and organization of chain. Both of 
ASLOG audit and Global EVALOG are used in specific 
industry. To structure our literature review of performance 
measurement system, we are based on different supply chain 
performance evaluation models to investigate what are the 
kind of systems should be evaluated? What types of 
performance analysis models are permitted? Table I shows 
various performance evaluation models involved in several 

literature reviews. A comparison of performance model 
summarizes different particularities of well-known 
performance evaluation, organized by main objectives and 
limits as shown in Table I. This table reveals models related to 
measure performance. However, the majority of performance 
models were general and oriented towards systems, 
organization and process. In this paper, we suggest a 
performance model principally adapted to reverse supply 
chain in order to provide suitable network design under some 
criteria.  

III. METHODOLOGY 

A reverse logistics has been extensively tackled for decades 
due to the shipment of the returned flows of product. It is used 
to manage product taken back from the costumer and shipped 
to manufacturers via collection centers in order to be 
managing in efficient manner. In broader sense, environmental 
degradation and increased opportunity for saving cost, 
prompted some researchers to improve the performance of 
reverse configuration network at different scales. By measuring 
the factors influencing the effectiveness and the efficiency of 
the reverse configuration network, decision makers can suggest 
appropriate policies to improve the performance of reverse 
logistic configuration. In fact, according to literature ([19]-[21], 
[23]) a reverse supply chain performance has a huge variety of 
measurement systems which are extensively related to cost and 
profit. Many of them are implemented to the environmental 
concern and to economic benefit to make performance 
measurement model more significant and real. Thus, 
introduction of the ecological and environmental performance 
measurement can provide ecological outcomes and an effective 
management. Differentiation measurement is useful to indicate 
the ability to cover all changes. The purpose of design reverse 
logistic network is to get managing used products and 
convoyed to the different location or called recovery center 
(collection center, reprocessing center, remanufacturing 
centers, recycling center, disposal center and redistribution 
center). Fig. 2 shows the basic flows diagram of reverse 
logistics activities.  

Supply chain performance measurement is well reflected by 
the large and growing literature on problem. Thus, in the 
context of reverse flow, performance measures have found 
practical difficulties. This difficulty is caused by complexities 
of processes and the variety of activities of recovery product. 
This complexity stems from a high degree of uncertainty due to 
the quantity and quality of the products [19] and the variety of 
disposition options (reprocessing, repair, recycle). Moreover, 
uncertainty is one of the most challenging in configuration 
problem to determine the number, location, capacity, level and 
technology of facilities to be considered [20]. Even though, 
uncertainties in delivery and in return of product which are two 
majors sources of vagueness in open loop configuration, some 
researches investigate uncertainty in reverse logistic by 
developing mathematical model to solve this problem [21]-
[23]. There are relatively a few attempts of measurement 
performance model, to address the realistic problem of reverse 
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logistics, taking into account uncertainty in reverse network 
configuration.  

For the proposed model, three stages are developed. Initially, 
a conceptual model represents the relationship between reverse 
logistic network and the different factors: operational, 

economic and environmental factors. Then, a linear 
programming model is applied to quantify the relation among 
Reverse Logistic Network (RLN) and considered factors. 
Finally, the result of the model is used to evaluate the 
systematic supply chain. 

 
TABLE I 

PERFORMANCE MEASURING MODELS 

Topic Approach Contributions 

[2] Recovery end of life vehicles in Mexico Scenario Analysis.  
Determine the minimum number of collection centers Minimize the 
transport distance of vehicles with a maximum coverage of areas served. 

[22] 
Problem of location of sites and allocation of 
material flows in RL network 

Genetic algorithm 
Minimize the cost of installation of collection points, considering the 
maximum revenue products returned 

[14] 
Localization problem in two main centers of the 
network  

Genetic algorithm Reduce the negative impacts on the environment in process center.  

[8] Network design Linear programming. Consider the capacity of treatment facilities. 

[23] Processing and recycling of waste phones battery  
fuzzy logic 
Lagrangian relaxation 

Locate the problem of processing center 

[9] Recovery of municipal solid waste. Genetic algorithm  Locate the problem of processing center. 

[18] Recovery industrial waste of the aluminum  Genetic algorithm  Minimize operational and environmental cost  

[12] 
Operation level of handling process of multi 
products in a deterministic and dynamic approach. 

Optimization tool: 
OPL studio. 

Minimize the total operational cost of each chain partner and the whole 
supply chain. 

[15] Network configuration and design. 
Optimization tool: 
Lingo 08. 

Minimize cost of the network Considering the relationship between the 
scope of electronic waste recycling network and quantities. 

[23] 
Recovery computer in city of Tai’an in Shandong 
China. 

Method of Lagrangian 
relaxation. 

Minimize the total costs, fixed and variable. 

[24] 
Problem-localization-allocation in strategic 
situation  

The software MILP-
solver Lingo 8.0. 

Minimize the number of installation center of forward chain (factories 
and distribution centers)  

 

 

Fig. 1 Flow diagram of reverse logistics in open loop 
 
A. Conceptual Model 

The proposed performance model is developed to analyze 
the impact of economic, environmental and operational factors 
for achieving a successful reverse supply chain based on 
different characterization of network. As shown in Table II, a 
reverse logistics network differs from other configuration by 
the type of returned products, layers of network and type of 
activities. In the design of reverse network, it may occur in 
one of two contexts: closed-loop or open loop system. In a 
closed loop system, sources and sinks coincide so that flows 
cycle in the system. In open loop system flows enter at the one 
point of logistics system and leave at other The focus on all 

aspects of open-loop system, an important feature of returned 
flows provides such recovery options, reverse logistic network 
structure and facility, type of returned products…  

Although, in open loop configuration valorized products are 
not returned to the original chain, so many stockholders are 
willing to use the recovered products or materials. Even 
Though, open loop chain includes multi-centers are 
decentralized different activities of valorization. Considering, 
the ambiguity of returns, open loop structure very complex 
according to managing volume of returns in different ways. 
The concept of open-loop supply chains is now widely 
garnering attention. It can manage all type of returned 
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TABLE III 
SYMBOLS USED IN MODEL FORMULATION: DECISION VARIABLES AND PARAMETERS 

Notations                  Descriptions 

I Index of scenario 

T Index of type of products 

N Index of number of products 

Cc Index of collect center 

Tr Index of recovery center 

Decision variables 

S୧,୲,୬ ൌ ቄ1 product nwith type t over scenario i
0 otherwise

 

X୲୰,୲,୬	 ൌ ቄ1	product n of type t are affected to terminal tr
0 otherwise

 

ycc,t,n= ቄ1 product n of type t is assigned to center cc
0 otherwise

 

Parameters 

d1o,cc Distance between different locating of used product and collect center 

d2,cc,i Distance between different locating of collect center in different scenario 

d3,i,tr 
Distance between different locating of terminal center in different 

scenario 
Mt,n Weight of product number ‘n’ type ‘t’ 

Pt,n Quantity of product type ‘t’ numbered ‘n’ 

Qcc,t capacity of the collect center 

Qi,t capacity of all center of each scenarios 

C1,o,cc 
transport cost between different locating of used product and collect 

center 
C2,cc,i transport cost between different collect center in different scenario 

C3,i,tr 
transport cost between different locating of terminal   center “tr” in 

different scenario “i” 
 
B. Analytical Model 

The purpose of this paper is to evaluate the performance of 
the reverse logistic system that will aid decision makers to 
determine returned products orientation. The reverse logistics 
network problem is multi product, multi-recovery option 
applied in open loop configuration. We assumed that: 

Reverse logistics network system is composed of “t” types 
of recovery products. 

The proposed network considers collect center for control 
and inspection. Controlling and testing returned product, that 
can identify the type of activities are considered. 

Repaired and refurbished products are treated in collection 
center. The returned product needs to be remanufactured or 
cannibalized in remanufactured center.           

Recycling centers are reserved to damaged goods.  
The hazardous material or disposal products are transferred 

to disposal center.  
Returned products are oriented to one recovery strategy. 
They are three possible recovery strategies: remanufacture, 
recycle or disposal. 
 
Mathematical Formulation  
 
Min	 ∑ ∑ 	∑ 		େେ

ୡୡୀଵ
୒
୬ୀଵ

୘
୲ୀଵ ∑ dଵ,୭,ୡୡ୓

୭ୀଵ Cଵ,୭,ୡୡM୲,୬Yୡୡ,୲,୬ 

൅∑ ∑ ∑ CT୲,୬୒
୬ୀଵ

େେ			
ୡୡୀଵ

୘
୲ୀଵ 	P୲,୬Yୡୡ,୲,୬	൯ ൅ ∑ ∑ 	୒

୬ୀଵ
୘
୲ୀଵ ∑ S୧,୲,୬CT୧,୲

ଷ
୧ୀଵ                              

൅∑ dଶ,୭,ୡୡCଶ,ୡୡ,୧CT୧,୲	େେ
ୡୡୀଵ   ൅∑ dଷ,୧,୲୰Cଷ,୲୰,୧X୲୰,୲,୬୘ୖ

୲୰ୀଵ 	M୲,୬      (1)     

 
 

Subject to 
∑ ௧ܲ,௡ ൑ ܳ௖௖,௧∀	߳ݐ	ሼ1,… , ܶሽே
௡ୀଵ                     (2) 

 
∑ ௜ܵ,௧,௡ ൑ 	ܳ௜,௧,ே
௡ୀଵ 	∀݅ ∈ ሼ1,…4ሽ               (3) 

 
∑ ௜ܵ,௧,௡ ൌ 	1ே
௡ୀଵ ݐ∀	 ∈ ሼ1,…ܶሽ, ݊ ∈ ሼ1,…ܰሽ       (4) 

 
∑ ்ܺோ
௧௥ୀଵ 	௧௥,௧,௡ ൌ 1                               (5) 

 
	∑ ௖ܻ௖,௧,௡	 ൌ ,ݐ	∀	1 ݊	஼஼

௖௖ୀଵ                          (6) 
 
∑ ∑ ே	௧௡ܧ

௡ୀଵ
்
௧ୀଵ ൈ ሺ݀ଵ,௢,௖௖ ൈ ௧,௡ܯ ൈ ௖ܻ௖,௧,௡ ൅ ݀ଶ,௖௖,௜ ൈ ௧ܲ,௡ ൈ

௜ܵ,௧,௡ ൅ ݀ଷ,௜,௧௥ ൈ ௧ܲ,௡ ൈ ܺ௧௥,௧,௡ሻ ൑  (7)                 ܶܧ
 
Constraints (2) ensure that the capacity of collect center, the 

quantity of returned product for all type of product should not 
exceed the capacity of the collect center. Constraints (3) show 
that the sum of the quantity of all type of product is less than 
capacity of all centers of each scenario. Constraints (4) insure 
that each product must follow one scenario. Constraints (5) 
show that each product should be directed to a single center 
collect. Constraints (6) assure that all returned products should 
be assigned to the different recovery centers. Constraints (7) 
aimed to reduce carbon emissions from transport. The sum of 
carbon emission from each vehicle with an average weight 
Pt,n of transported products should not exceed total emission 
(ET) (Environment Agency and Energy Management report 
(ADME)). 
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