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Abstract-Reverse logistics has become a matter of discussion across the world because of environmental, social and legal 

concerns. In reverse logistics, returned products are collected, inspected, and sorted out into different categories. The next step 

is to disposition different categories of products either for remanufacturing, or recycling or for the disposal.  This disposition 

decision is critical for the success of reverse logistics system. Literature review indicates that there are very few studies pertaining 

to disposition decisions in reverse logistics. The aim of the proposed study is to develop an approach for analyzing disposition 

decisions in reverse logistics. In the study, six issues have been identified which are important for the disposition decisions. A 

Preference Rating Method (PRM) is utilized to analyze disposition decisions and their issues which are synthesized in Company 

Preference Rating. The PRM approach helps in identifying the relative importance of these issues with respect to each strategy. 

A case of Indian electronics industry is considered for illustration of the approach. The findings of the study will help managers 

in disposition decision making. 
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I. INTRODUCTION 

 

Reverse logistics is the process of planning, implementing, and controlling the efficient, cost effective flow of raw materials, 

in-process inventory, finished goods and related information from the point of consumption to the point of origin for the purpose 

of recapturing value or proper disposal [1]. More precisely, reverse logistics is the process of moving goods from their final 

destination to the origin. Any process or management after the sale of the product involves reverse logistics. If the product is 

defective, the customer would return the product. The manufacturing firm would then have to organize shipping of the defective 

product, testing the product, dismantling, repairing, recycling or disposing the product. The product would travel in reverse 

through the supply chain network in order to retain any use from the defective product. A similar route is followed for all returned 

products even if they are non-defective. According to the Reverse Logistics Executive Council handling, the cost of handling, 

transporting and determining the disposition of returned products is $35 billion annually for U.S. firms [2]. Remanufacturing in 

the U.S. is a $50 billion per year industry [3]. The importance of reverse logistics has increased because of concern for end of life 

products and high product returns in recent years [4]. However, the integration of reverse logistics with the conventional supply 

chain is tricky as unlike forwards chains there is no uniformity i.e. there is no periodicity for the return of goods and forecasting 

is complex too. Moreover, there is no set pattern for the condition of returned goods.  Disposition decisions in reverse logistics is 

also one of crucial decisions in reverse logistics. There are very few studies on disposition decisions in reverse logistics [5] 

(Agrawal et al., 2015). The proposed study is aimed at developing an approach for disposition decision making based PRM. This 

method is first time being utilized for such studies.  

II. LITERATURE REVIEW 

Reverse Logistics is related to the operations involved in the movement of an article back from the user to the manufacturer.  

The reverse supply chain is basically related to the return of a product that has either reached its End of Life (EOL) or has been 

returned by the customer. According to Rogers and TibenLembke (1999), reverse logistics is “planning, implementing and 

controlling the efficient, cost effective flow of raw materials from the point of consumption to the point of origin of recapturing  

value or proper disposal”[1].  Industries have started to realize that the reverse logistics can be used to gain competitive advantage 

[6]. A reverse logistics defines a supply chain that is redesigned to efficiently manage the flow of products or parts destined for 

remanufacturing, recycling, or disposal and to effectively utilize resources [7]. Grenchus, Johnson, and McDonell (2001) reported 

that the Global Asset Recovery Services (GARS) organization of IBM's Global Financing division has integrated some of the key 
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components of its reverse logistics network to support and enhance environmental performance [8]. Moyer and Gupta (1997) have 

conducted a comprehensive survey of previous works related to environmentally conscious manufacturing practices, recycling, 

and the complexities of disassembly in the electronics industry [9].   Krikke, van Harten, and Schuur (1999) have discussed a case 

of the recycling PC-monitors as a part of a broader pilot project at Roteb (the municipal waste company of Rotterdam, The 

Netherlands) where by using the model developed, it achieved a reduction of recycling costs by about 25%[10]. Ferguson and 

Browne (2001) discussed the issues in EOL product recovery and reverse logistics [11]. Knemeyer, Ponzurick, and Logar 

(2002) utilized a qualitative methodology to examine the feasibility of designing a reverse logistics system to recycle or refurbish 

EOL computers that are deemed no longer useful by their owners[12].Kelle and Silver (1989) described methods for the forecast 

of reusable containers[13]. Forecasting methods involve prediction of the demand that will be in the future.  Now, Kelle and Silver 

have worked on the same concept for reusable containers under a reverse supply chain environment. Reverse logistics programs 

in addition to the various environmental and the cost benefits can proactively minimize the threat of government regulation and 

can improve the corporate image of the companies [14]. The logistics for such matters is reverse logistics. Key processes in reverse 

logistics process are as follows.  

• Product acquisition: Obtaining the used product from the user by the reseller or manufacturer. 

• Reverse logistics: Transporting products to a facility for inspecting, sorting and disposition. 

• Inspection and disposition: Assessing the condition of the return and making the most profitable decision for reuse. 

•  Remanufacturing or refurbishing: Returning the product to its original specifications. 

• Repairing: Repair the defects and bring as close to original specifications as possible. 

• Marketing: Creating secondary markets for the recovered products. 

• Recycle: If the product can’t be reused, remanufactured or repaired; then it is recycled. 

Decisions regarding return products is becoming increasingly important because of the fact that their volume is constantly 

increasing. The size of reverse logistics is considerable. Reverse logistics cost is as high as 4 per cent of the total logistics.  There 

are three ways of disposal: sell as is, reuse or repair or dispose of the part. Some of the ways within each category are: Sell as-is: 

e-auction, sell to secondary market, resale and/or sell via outlet or discount store; Reuse or repair: recycle, modify, refurbish, 

repair; dispose: donate, scrap, dispose in secure manner. Thomas Hazen developed a model to refines the link between the returns 

management processes and the overall strategy of a supply chain firm by addressing the decision as to which reverse logistics 

activity to pursue [15]. Disposition decisions models based on graph theory, and fuzzy-AHP have been developed for the Indian 

electronics industry [16], [17]. Disposition decisions are significant as they have the power to generate sizeable profits.  

The six issues that were found critical to the lot disposition decisions were: 

Social issues: 

• Availability of market  

• Quality of final product  

 

Environmental issues: 

• Operation is safe 

• Consumption of resources is less 

 

Economic issues: 

• Cost of equipment is less 

• Cost of operation is less 
 

Different disposition decisions under which competitive priority ratings of different issues are to be determined are: 

• Recycling: Recycling is a process of changing the waste materials into new products to prevent the wastage of potentially 

useful materials, reduce energy usage, reduce the consumption of fresh raw materials, reduce air pollution (from 

incineration) and water pollution (from landfilling) by reducing the need for "conventional" waste disposal, as well as 
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lowers greenhouse gas emissions as compared to plastic production. Recycling is a key component of modern waste 

reduction and is the third component in the waste hierarchy as "Reduce, Reuse and Recycle". 

 

• Remanufacturing: Remanufacturing is the process in which the waste materials are converted back to the "new" state 

is an important part in the reverse Logistics [6]. The remanufactured products have very much advantage in the market. 

Remanufactured product quality and performance not less than new product, compared with the new, lower costs, less 

the production cycle and the processing time, less adverse effects on the environment were also get significantly reduced 

as compared to new products. Remanufacturing is currently mainly used for automobiles, computers, refrigerators, air 

conditioners, printers, copiers, mobile phones, televisions, tires, washing machines and bulky products such as printed 

circuit boards. 

 

• Disposal: Disposal is required for products that cannot be either re-used or remanufactured for technical or economic 

reasons. This applies, e.g. to products rejected at the separation level due to excessive repair requirements but also to 

products without satisfactory market potential, e.g. due to out-dating. Disposal may include transportation of waste, 

landfilling, and incineration steps. 

 

III. Preference Rating Method 

The preference rating method which is synthesized in Company Preference Rating (CPR), developed by Nahm [18] is 

utilized for the study. In this method, after the identification of the issues that are important for the disposition decision, relative 

importance of these issues is deducted using the CPR approach. For this, Preference Graphs (PGs) are used, which are essentially 

made using the input from the field expert. Three basic strategies with respect to the disposition decision have been identified as 

Recycling, Remanufacturing and Disposal. First, the CPR method makes use of the Preference Graph (PG) representation to 

account for the incomplete knowledge of the customers or customers’ uncertain perceptions on the relative importance of issues. 

While the existing methods, such as AHP, ANP, fuzzy AHP, and fuzzy ANP, require the customers to make pair-wise complete 

comparisons of all pairs of issues in order to determine their importance, the CPR method enables each customer to make 

incomplete comparisons of these issues. Thus, the partial ordering of issues can be done. Then, a method for analyzing customers’ 

preference structures (i.e., PGs) on issues is developed for the identification of relative importance ratings. 

There a wide range of issues that may be identified to be ‘critical’ or important as related to the disposition decisions of 

the returned products. Now, there is a need to find out what issue is more important than the other so as to have improved overall 

efficiency. But, the human judgment of which issue is more important than the other tends to be inherently imprecise. The CPR 

method thus allows humans to make incomplete or partial comparisons and focuses on the uncertainty involved with the human 

perception in making comparisons and determining the relative importance of the different issues. After prioritizing issues in 

terms of the relative importance as described above, the competitive priority ratings of issues should also be determined to 

prioritize the issues. The competitive priority ratings indicate the degree of importance of CRs that companies should focus on in 

order to be competitive. Then, the company would work on the most important issues and disregard the unimportant ones to make 

best use of its resources. PGs or Preference Graphs are utilized in order to represent the relative importance of the issues. This 

allows the customer (human) to represent his/her preference structure and obviates the need to clearly give the preference between 

all the possible pairs. Thus, the customer can begin by first giving preference only between the issues whose pairwise relative 

importance is known. In a PG, there are nodes and arrows. The preference graph is made up of two basic elements. These are the 

nodes and the arrows. The nodes are the end points and the arrow give the direction. The nodes here represent the issues (I1, I2, 

⋯, Im) and the head of the arrow points in the direction of the issue which is more important. Consider, for example, there are ‘K’ 

customers ‘M’ issues have been identified as significant to the lot disposition decisions based on a marketing survey for ‘K’ 

customers. These ‘K’ customers are denoted as CT1, CT2, ⋯, CTk, ⋯, CTK, and ‘M’ issues are denoted as as I1, I2, ⋯, Im, 

respectively. Then, PGs represented by K customers can be denoted as PG1, PG2, ⋯, PGk, ⋯, PGK. For instance, Figure 1 denotes 

a Preference Graph (PG1) over six issues made by customer 1. That is, customer 1 (CT1) may prefer I1 to either I2 or I6, and both 

I2 and I6 to I3, but has not determined its relative preference between I1 and I3. Similarly, PGK is given by CTK.  
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Fig. 1 PG1 giving an example of how the relative importance can be represented on a graph. 
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Similarly, PGK is given by CTK (Figure 2). In this manner, customers can intuitively generate PGs that represent partial 

orderings of CRs with respect to the relative importance based on their own preferences.If PG represents the preference graph for 

the kth customer, CTk, then, let PGk be an adjacency matrix for the PG and let ‘M’ be a positive integer. Then, the entry pgij (i, 

j=1, 2,⋯, m, ⋯ ., M) of PGM
k gives the number of M stage dominances of i over j. That is, the dominance matrix Dk is:  Dk = PGk

1 

+ PGk
2 + . . . PGk

m ….+PGk
M. The sum of entries (dm) in the row ‘m’ of the dominance matrix means the total number of ways 

that m is dominant one, two, three ,.., M stages . Here, (M-1) stages are considered for the PG. For the example of Figure 1, the 

adjacency matrix can be given by: 

 

    PG1=  

 

0 1 0 0 0 1 

0 0 0 0 0 0 

0 1 0  0 0 0 

0 0 0 0 1 1 

0 0 1 0 0 0 

1 0 1 0 0 0 

 

In this case, M=6, hence,the dominance matrix D1 of the PG1 can be calculated by: 

D1= PG1
1+PG2

1+PG3
1+PG4

1 +PG5
1 

Using the above equation: 

D1=                           

0 1 0 0 0 0 

0 0 0 0 0 0 

0 1 0  0 0 0 

1 3 2 0 1 1 

0 1 1 0 0 0 

1 2 1 0 0 0 

 

From above, d1
1= 1; d2

1 =0; d3
1 =1; d4

1 =8; d5
1 = 2; d6

1 = 4. In other words, I1 is dominated in 0+1+0+0+0+0=1 way, 

while I2 is dominated in zero ways, I3 in one way, I4 in eight ways, I5 in two ways, and I6 in four ways. In our context, each dm
k 

implies which issues are preferred to which other ones either directly or indirectly. If a specific issue (Im) of a customer (CTk) is 

not dominated over any issue, then dm
k is equal to 0. However, since it is considered as an issue of product under consideration, 

the importance of 0 is not reasonable. For this, 1 is added to dm
k for the computation of relative dominances (i.e., preferences). 

Considering this compensation, the relative degree of preference (RDP) of each customer (k) can be obtained by the following 

expression to be the maximum value of 1: 

rdpm
k= 1+ dm

k/(max (1+ dm
k)); k = 1……K m=1,…..M 
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Let us denote the RDP of each customer (k) as a vector: 

RDPk= ( rdpk
1; rdpk

2; . . . ; rdpk
m; . . . rdpk

M ) 

Based on the RDP of each customer, we can obtain the relative importance ratings of issues. Since K customers are 

taken into account, the relative importance rating (RIR) of each issue is determined by the following normalization to be the 

maximum of 1: 

 

RIRm= ∑k=1
Krdpk

m/(max ∑k=1
Krdpk

m )   ;    (k = 1……K) m=1,…..M 

Its vector representation is: 

RIR = (rir1, rir2,….rirm,……, rirM) 

The highest value of RIR is the one that is the most important issue. 

 

IV. CASE ILLUSTRATION 

(i) Company Profile 

ABC Info systems is an IT services with its headquarter in Gurgaon, Haryana.  It offers a gamut of services from IT 

hardware to internet infrastructure solutions. ABC Infosystems products cover the entire spectrum of the information technology 

needs of its customers. ABC Info systems products offerings include everything from enterprise level servers for mission critical 

applications to multimedia home computers. The company as a part of the business sells laptops, desktops and tablets apart from 

a myriad of other products and services. ABC infosystems which has been named as Company 1. In order to obtain a more 

objective and unbiased result, the ‘importance of the issues’ data was obtained for two more computer companies, XYZ info 

technology, denoted as Company 2 and DEF technologies, denoted as Company 3. XYZ info technology is a computer technology 

company with headquarters in Noida, Uttar Pradesh. It designs, develops, manufactures and sells personal computers, tablet 

computers, smartphones, workstations, servers, electronic storage devices, IT management software and smart televisions. DEF 

technologies is a computer hardware and electronics corporation specializing in advanced electronics technology and is 

headquartered in Gurgaon, Haryana. DEF technologies’ products include desktop and laptop PCs, tablet computers, servers, 

storage devices, displays, LED, LCD and plasma televisions, smartphones and peripherals. It also provides e-business services to 

businesses, governments and consumers. After going through numerous research papers online, some thirty important factors or 

issues related to the disposition decision were identified. Following this, discussions were done within the group members and 

about twenty factors out of the initial thirty were identified to be important. Then, the ABC company’s e-waste manager at the 

Delhi branch was contacted and subsequently ten issues were shortlisted out of the twenty. Then, company officials from two 

other computer companies were contacted and after discussions with them of the group members, six critical issues were 

identified, two from each social, economic and environmental domain. These six issues are as follows: 

Social Issues 

• I1: Availability of market is more 

• I2: Quality of final product is satisfactory 

 

Environmental Issues 

• I3:Operation is safe 

• I4: Consumption of resources is less 

 

Economic Issues 

• I5: Cost of equipment is less 

• I6: Cost of operation is less 
 

(ii) Assessment 
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Fig. 3 Preference Graph for Company 1 
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Fig. 4 Preference Graph for Company 2 
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Fig. 5 Preference Graph for Company 3 
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D1= PG1
1+PG2

1+PG3
1+PG4

1 +PG5
1 

 
D1=                           

0 0 0 0 1 1 

0 0 0 1 1 1 

0 1 0  2 4 3 

0 0 0 0 1 1 

0 0 0 0 0 0 

0 0 0 0 1 0 

 

D2= PG1
2+PG2

2+PG3
2+PG4

2 +PG5
2 

 
D2=                           

0 3 2 2 5 3 

0 2 3 3 3 2 

0 1 1  1 2 2 

0 2 1 1 3 1 

0 3 2 2 2 1 

0 2 1 1 3 1 

 

 

D3= PG1
3+PG2

3+PG3
3+PG4

3 +PG5
3 

 
D3=                           

0 0 0 1 0 1 

0 0 1 0 0 1 

0 0 0  0 0 1 

0 0 0 0 0 1 

0 1 1 0 0 1 

0 0 0 0 0 0 

 
 
RDP1 = (rdp1

1 . . . . .,  rdp1
6) 

          = (3/11, 4/11, 11/11, 3/11, 1/11, 2/11) 
 
RDP2 = (rdp2

1 . . . . , rdp2
6 ) 

          = (16/16, 14/16, 8/16, 9/16, 11/16, 9/16) 
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RDP3 = (rdp3

1 . . . ., rdp3
6 ) 

          = (3/4, 3/4, 2/4, 2/4, 4/4, 1/4) 
 
RIR = (rir1, rir2 . . . , rdp6) 
        = (1.0000, 0.9831, 0.9888, 0.6601, 0.8792, 0.4916) 
 
Relative importance order of six issues is as follows:  (I1 > I3 > I2 > I5 > I4> I6) 

 

 

V. RESULTS AND DISCUSSION 

In the proposed study, different issues were analyzed and it was seen that the most important issue to be considered while taking 

a lot disposition decision is that the availability of market for the recycled/refurbished product should be more. It implies that the 

operation (recycling/remanufacturing/disposing off) must be employed keeping in mind that there is use of the product after the 

operation, that is, customers for the product are available. If no customers are present, the profitability just reduces and nullifies 

the whole point of performing the operation. The next most important issue is the safety of the operation. Thus, if the operation 

of scrapping, recycling or remanufacturing is found out not safe, either for the humans or for the environment, then, it is not 

carried out. The purpose of performing the operation is not fulfilled if the operation is inherently dangerous or is hazardous. After 

safety, the third most important issue is that the quality of the final product after performing the operation is satisfactory. Now, 

quality means fitness for use. If the product is not a “quality” product, it will have low reliability, serviceability and availability. 

Due to this, the product will not be able to be used in a way that it is intended to be used. Quality affects the popularity and directly 

and indirectly measures the profitability of performing an operation. The next most significant issue is that the cost of the 

equipment should be less. Now, profit is determined by subtracting costs from the sales or revenue. Now, the higher the cost, the 

lower is the profit and hence, lower is the tendency to carry out that operation. After the cost of the equipment, it is the consumption 

of resources that matters. An operation that requires more resources is not viable. It is not wise to perform an operation which 

involves a large amount of resources. From the angle of environmental pollution and corporate social responsibility, it is important 

that we consider the consumption of resources. The least important of the issues amongst the issues that have been considered is 

the cost of the operation. The cost directly affects the profit of an operation but its priority is lesser than that of the other five 

issues. This is because other environmental and social factors have seemed to gain more importance than the economic issues. 

This can be attributed to the fact that awareness about the environment and analysis of the market and customer preferences are 

now developing an edge over the mere minting of money. With Corporate Social Responsibility becoming an important part of 

the organizations, the firms are now compelled to increase the purview of the factors they consider significant. 

VI. CONCLUSION 

Reverse Supply Chain is the new upcoming research field and still has a lot of scope of further research. In the study, 

PRM was used to find the importance of issues related to lot disposition decisions. Also, the importance or criticality of the issues 

was found with specific focus on recycling, remanufacturing and disposal. Thus, the preference rating method is utilized in the 

disposition decisions. It is seen that PRM helps us to make decisions based on incomplete information. For recycling, cost of the 

equipment should be less. This is the most important issue on which the focus should be placed in lieu of the fact that this issue 

is not being addressed satisfactorily. For remanufacturing, it is observed that the least satisfactorily addressed issue is the cost of 

the operation. For disposal of a product, it has been observed that the cost of the operation followed by the cost of the equipment 

are the most important issues that need to be carefully assessed and resolved in the presence of the fact that these are not up to the 

satisfaction levels. It is important to consider different parameters while selecting important issues. Now, the whole concept of 

reverse logistics is based on reducing environmental pollution by salvaging the EOL products and if the reverse logistics 

operations consume more resources, the significance of employing reverse logistics for sustainable development is lost. The cost 

of the operation is important but is definitely not the sole significant issue. The method has been applied to a computer company 

for the products that have reached their End of Life. Because the Preference Rating Method is fairly novel, it can be used for a 

wide variety of decisions related to reverse logistics. The answers obtained are normalized, thus, enhancing the objectivity of the 

results. The model helps us to integrate the strategies with the issues and obtain both a general answer and answer specific to a 

particular strategy or operation. Even though it involves more computations, its advantage of helping us incorporate perceptions 

and linguistic uncertainties surpasses the limitation mentioned.  
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