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Abstract Growing environmental issues, social concerns, enforced regulations and
intense competition havemotivated electronic companies to inculcate Reverse Logis-
tics (RL) practices in action for sustainable Reverse Supply Chain (RSC). Due to
lack of expertise and the heavy costs associated with the setting up of reverse logis-
tics system, RL practices are widely embraced by most companies through Third
Party Reverse Logistics Providers (3PRLPs). Due to the dependency of companies
on 3PRLPs, the evaluation and selection of 3PRLP is a matter of strategic concern
and requires critical decision-making. The main challenge in this regard that the
companies face is to identify the appropriate criteria for assessing the performance
of 3PRLP under a sustainable environment. In this sense, the main intent of the cur-
rent study is to provide a systematic framework for an electronics company to (i)
identify the most relevant 3PRLP performance evaluation criteria under three sus-
tainability dimensions namely, economic, environmental and social, (ii) extract the
most influential list of sustainable criteria and (iii) determine the weights of impor-
tance of the influential criteria. In order to attain this objective, a decision-making
model is proposed in which firstly, the economic, environmental and social criteria
are derived from an extensive literature survey. Secondly, Delphi technique is used to
shortlist the most influential criteria. Thirdly, the Best Worst Method (BWM) is used
to determine the importance of the shortlisted criteria. The result analysis shows that
environmental sustainability is the primary focus of the companies for the imple-
mentation of RL, contrary to the assumption that economic performance is always
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the major motivation. ‘Quality’, ‘RL Practices’ and ‘Health and Safety’ are accorded
the highest ranking under economic, environmental and social dimensions, respec-
tively. The proposed model can assist electronic companies in determining the most
important criteria for sustainable 3PRLP selection for outsourcing RL activities.

17.1 Introduction

The process of Reverse Logistics (RL) involves activities aimed at the appropriate
backward flow of products which are considered as reached their end-of use/end-of-
life stage by the consumers [40]. Rogers and Tibben-Lembke [83] defines RL as, ‘the
trend of design, schedule, planning, controlling and warehousing and also informa-
tion for returned products in reverse flow of classical supply chain in order to recover
value and get the competitive advantage’. Figure17.1 provides a schematic view of
the forward and reverse flow of goods and the activities involved in a generic Supply
Chain (SC). RL has gained immense attention in the past two decades as a result
of the environmental sensitization of consumers and governments. For businesses,
RL proves to be a key strategy in managing a sustainable SC [32]. Companies are
inclined towards RL nowadays due to decrease in availability of raw materials and
consequently rise in their prices [46]. The specific activities of RL such as repair,
remanufacture, refurbish help gain monetary benefits in terms of reselling of refur-
bished products while recycling, disassemble and proper disposal help in reducing
the ill effects of the dumping of unused products [103]. Moreover, the backward
channel provides opportunities of jobs to various marginalized workers, specifically
in developing nations such as India, Bangladesh and Taiwan. Hence, all the three
dimensions of sustainability are covered naturally under the umbrella of RL activities
[48, 101].

Most logistics systems fail to manage the concurrent flows as they have different
necessities and are managed under different constraints [27]. The forward flow is
customer demand driven, while the reverse flow is driven by the quantity of products
returned. Each RL process requires a different considered focus, hence companies
need to plan and design RL network which is an uphill task [34]. Additionally in RL
the amount of returned products is uncertain, the backward flow is untimely and the
condition of the products is unknown, which adds further complexity in scheduling
and planning the RL activities [89]. Organizations, particularly, in India, although
are legally bound to implement RL but do not have a suitable structure in place.
There are many hindering factors such as lack of knowledge, lack of government
support, lack of awareness amongst consumers and other financial and organizational
constraints [75]. Consequently, most organizations prefer outsourcing the complex
task of managing RL activities to reduce the cost of implementation, for streamlining
the recovery and redistribution process and for focusing on their core competencies
[2, 28].

Outsourcing of RL activities has its own challenges and choosing a reliable and
sustainable Third Party Reverse Logistics Provider (3PRLP) is a daunting task. The



17 Identification and Analysis of Key Sustainable Criteria … 379

associated financial as well as operational impact along with the long-term effect
of the partnership needs to be recognized [102]. Accordingly, the organization may
choose to outsource all or some of its RL activities. Consequently, 3PRLP selec-
tion process sometimes involves choosing a single 3PRLP and other times choosing
multiple 3PRLPs. Moreover, the outsourcing may be done under partial or full col-
laboration with 3PRLPs [24]. The strategic decision of choosing the 3PRLP, the
activities to be outsourced and the nature of the partnership must be based on a
critical analysis of the operational, financial, sustainable capabilities of the reverse
logistics provider by the Reverse Supply Chain (RSC) managers.

Within the context of 3PRLP evaluation and selection process, identification of
appropriate criteria of evaluation is of prime importance as they echo the organiza-
tion’s requirements and expectations from the partnershipwith the 3PRLP. In addition
to the traditional criteria such as cost, quality, flexibility and responsiveness, assess-
ing the capabilities of 3PRLPs with regard to environmental and social concerns has
become imperative for organizations focusing on managing sustainable SC practices
[11, 15, 31]. Clearly, unlike the evaluation criteria for forward logistics provider,
which is more economically driven, the evaluation criteria of 3PRLP must include
environmental and social performance indicators. Hence, 3PRLP evaluation process
requires a more detailed list of attributes and criteria, most of which may be difficult
to quantify and involves a more difficult process of data collection [39]. Moreover,
the filtration of the criteria to extract the most significant ones and the sorting of
the criteria in the order of their weights of importance are essential parts of the
3PRLP selection process. Selection of criteria ideally should be company specific,
case specific and industry specific as they impact the decision selection of 3PRLPs.
Moreover, the process of selection of performance criteria for 3PRLP evaluation
with sustainable perspective is dominated by the presence of conflicting opinions of
different stakeholders of the SC of the organization, which adds to the complexity
in the decision-making environment. Multiple-criteria decision-making (MCDM)
techniques promise to be very effective in this regard for simultaneously evaluat-
ing various criteria based on sustainability dimensions in group decision-making
environment [63].

Although there has been ample research on the need for outsourcing to 3PRLPs for
achieving a sustainable RSC and the type of criteria to be considered for evaluation
of 3PRLPs, however, most of these studies are theoretical in nature. Very few studies
have developed mathematical models for the identification and selection of criteria
in a systemized manner. This study focuses on identification and selection of key
performance criteria for the evaluation of 3PRLPs based on all three dimensions
of sustainability, by developing a decision-making model for an electronic company
based in India. The companyXYZ is looking for a partnership venture with a suitable
3PRLP with the aim of achieving a sustainable RSC. In the first stage, an exhaustive
list of criteria based on economic, environmental and social dimensions is prepared
through an extensive literature survey. The criteria are identified specifically for
the evaluation of 3PRLPs who are providing services in the electronics industry.
In order to extract the most relevant criteria as per the company’s requirements,
Delphi technique is employed to gather opinions of the Decision Makers (DMs)
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Fig. 17.1 Flow of physical goods for forward and reverse logistics [1, 95, 104]

through a structured questionnaire and semi-structured interviews. The data analysis
of the information gathered through the Delphi technique helps in the first level of
filtration of the criteria. In the second stage, Best Worst Method (BWM) technique is
employed to rank the importance of economic, environmental and social dimensions
and also to rank the criteria under the three dimensions of sustainability as per the
decision-making team.

The remainder of this chapter is organized as follows: Sect. 17.2 provides literature
review on the need for outsourcing in RL and the importance of sustainability related
factors for evaluation and selection of 3PRLP. Section17.3 explains the proposed
methodologydeveloped for the identification, evaluation and selection of criteriawith
regard to all the three dimensions of sustainability. The application of the proposed
methodology is presented in Sect. 17.4. Section17.5 provides the result discussion
of the study. Section17.6 concludes the paper and includes suggestions for future
research scope.

17.2 Literature Review

The focus of the study is on the analysis of key sustainable criteria for the evaluation
of third-party logistics provider in RL. The literature review presented in this section
discusses the work done by researchers over the years in that direction. The literature
review section is divided into three sections: Sect. 17.2.1 discusses the need for
outsourcing in RL in SC; Sect. 17.2.2 demonstrates the plethora of work with regard
to identification, evaluation and selection of sustainable performance criteria for
provider selection in RL; Sect. 17.2.3 highlights the research gap and provides the
significant contribution of the present study.
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17.2.1 Outsourcing in Reverse Logistics

Forward logistics in SC refers to all activities with regard to the flow of product
and information from the suppliers to the customers for satisfying customer’s needs
and meeting their expectations [16]. Contrary to this, RL refers to all activities of
SC aimed at managing the reverse flow of returned product from the consumption
point to the origin point for the purpose of capturing value and proper disposal
[83]. However, it does not imply that RL is just reversing the forward logistics [31,
64]. RL faces many complexities and its effective implementation requires suitable
RL network configuration to carry the broad range of activities such as collection,
sorting, inspection, disassembly, remanufacture, recycling and disposal [35]. Due to
the lack of knowledge and infrastructure, most firms prefer to outsource RL activities
to specialized 3PRLP for advantages such as reduced costs, advanced technology
and better performance [4]. However, the problem of third party provider selection
faces greater complexity for outsourcing activities related to RL in comparison to
traditional forward logistics because of the major difference in their scope of work
and expertise [41]. Even the most successful third-party logistics providers are not
able to manage the reverse flow of products efficiently and effectively [27]. 3PRLPs
must be specialized in handling the value-added activities for the reverse flow of
returned products [2]. They must be well equipped to carry these activities following
proper environmental guidelines [8]. Therefore, dependency of the firms on 3PRLPs
is huge in terms of achievement of sustainable business practices [19]. Due to these
differentiators with regard to the objective of outsourcing, 3PRLPs play a strategic
role in aiding firms to attain sustainable competitive advantage, government support
and customer satisfaction [40]. Hence, suitable 3PRLP selection for outsourcing
in RL is a crucial decision for RSC managers and has emerged as an important
research area [102].

17.2.2 Sustainable Performance Criteria for Provider
Selection in Reverse Logistics

The decision of provider selection, while considering complete or partial outsourcing
of the RL activities, needs the development of a comprehensive conceptual frame-
work based on various performance metrics [1, 26]. The framework is broadly influ-
enced by the set of criteria and the evaluation approach [105]. Identification of an
appropriate set of performance criteria is a critical stage of the decision-making
process, as it significantly impacts the evaluation rankings of the alternatives [13].
Hence, 3PRLP selection problem must be characterized by exhaustive research on
the selection of performance criteria of evaluation of 3PRLPs. In the literature, tradi-
tional economic criteria such as cost of services, financial position, asset ownership
are considered essential criteria by most authors [6, 77, 87]. Further, process-based
criteria such as resource capacity, network capacity, skilled manpower, service capa-
bility, flexibility and quality of service have always been considered important for
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evaluation of 3PRLPs [50, 95]. Moreover, 3PRLPs offering complete RL services
must be equipped with advanced equipment, specialized infrastructure and secure
IT and tracking system [2]. Most organizations seek to implement RL for pursuing
sustainability goals as RL activities majorly cover all sustainability dimensions [59,
74, 96, 100]. Hence, sustainability performance metrics of 3PRLPs are extremely
important for a effective RSC [3, 19]. A review of research on 3PRLP evaluation
and selection demonstrates that evaluation criteria based on all three dimensions
of sustainability—economic, environmental and social—are dominant in the recent
literature [12, 15, 31]. However, there is a lack of studies focusing on the critical
analysis of 3PRLP evaluation criteria and development of mathematical models for
selection of criteria with regard to industry specific requirements.

17.2.3 Research Contribution

The literature analysis presented above demonstrates that sustainability related fac-
tors are essential for the evaluation of 3PRLPs. However, none of the studies have dis-
cussed all the performance evaluation criteria in a systematic way. It is evident from
the above discussion that most of the studies with regard to developing 3PRLP evalu-
ation criteria are based on the triple bottom approach. The motivation of researchers
is more on developing models for the evaluation of 3PRLPs while less emphasis
is laid on the systematic identification and selection of the key criteria. Moreover,
most of the studies focusing on the need for developing the criteria for evaluation of
3PRLP are based on theoretical findings and lack development of analytic models.
This gap is considered in the study. Most importantly, organizations need to consider
the criteria which match their requirements [73]. In this direction, this chapter aims
to develop a 3PRLP selection model for an Indian electronics company for the selec-
tion of key evaluation criteria identified from the plethora of criteria in the literature
and practice. The novelty of the study is to provide a systematic framework for an
electronics company to achieve the following objectives:

1. To identify a broad set of 3PRLP sustainable performance evaluation criteria
through an extensive literature survey.

2. To prioritize the key sustainable criteria based on deliberations amongst the team
of experts from an electronics company using Delphi technique which is very
effective in managerial decision-making.

3. To determine the rank of importance of the key criteria under each sustainability
dimension using BWM, an efficient MCDM technique.

17.3 Methodology used for Selection and Evaluation
of Criteria

The selection process of 3PRLP ideally must involve a thorough evaluation of the
performance of 3PRLPs based on key criteria based on all three sustainability dimen-
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sions. Hence, the focus of the study is to develop a systematic model which can pro-
vide guidance to the case company in (i) identifying the most relevant 3PRLP perfor-
mance evaluation criteria under three sustainability dimensions namely, economic,
environmental and social, (ii) extracting the most influential list of sustainable crite-
ria and (iii) determining the weights of importance of the influential criteria. In order
to attain this objective, a decision-making model is proposed, in which, firstly, the
economic, environmental and social criteria are derived from an extensive literature
survey. Secondly, Delphi technique is used to shortlist the most influential criteria.
Thirdly, in accordance with the above evaluated results, BWM is used to determine
the importance of the shortlisted criteria. The steps of the proposed methodology are
described in the following sections:

17.3.1 Identification of Criteria

For the purpose of evaluation of 3PRLP, identification of relevant criteria is carried
out with the aid of an extensive research analysis of studies on 3PRLP evaluation.
On the basis of the broad literature review, a total of thirteen economic criteria and
eleven environmental and eleven social criteria are identified. The relevant criteria
have been briefly described in Tables17.1, 17.2 and 17.3.

17.3.2 Delphi Technique for Identification of Key Sustainable
Criteria for 3PRLP Evaluation

The Delphi technique is used with consideration to varying outlooks of DMs in
evaluating the importance of each criterion under the three dimensions considered in
this study namely, economic, environmental and social. The decision-making team
included 7 members of the company each with a minimum experience of six years.
They were designated as Manager Supply Chain Operations, Manager Business
Operations, Manager Human Resources, Senior Manager Information and Security,
General Manager CSR and Sustainability, Chief Financial Officer.

The Delphi technique can be elaborated in the following steps [60]:

Step 1: The principal step is to identify the possible criteria for each of the three
dimensions through a broad literature review. For our evaluation, we have
thirteen criteria for the economic dimension, and eleven criteria each for
environmental and social dimensions, respectively.

Step 2: Post the identification of the criteria, the DMs scrutinize each and every
criterion based on the sustainability impact they put on outsourcing the
logistics. The dependency amongst the identified criteria is also checked.
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Table 17.1 Economic criteria for evaluation of 3PRLP

Notation Criteria Description References

1 Cost Per unit cost of RL processes-collection,
inspection, storage, disassembly,
remanufacturing, disposal, service and other
associated logistics costs

[37, 47, 57,
85, 95]

2 Reputation and
market share

It refers to the opinion of the customers about
how well the logistics organization is
satisfying their needs

[4, 95, 99]

3 Delivery and
services

Reliability of quality assurance in carrying
out recovery process, documentation and
transportation

[4, 56, 99]

4 Technological
expertise

Investment in strong technical development
ability to implement RL activities, level of
advanced equipment

[4, 41, 76]

5 Geographical reach Geographical location, distribution coverage,
market coverage

[5, 71, 91]

6 RL capacity Financial capacity to invest in all RL
operations, network capacity, transport
capacity, specialized infrastructure

[4, 44, 47,
66, 92]

7 Financial
stability/position

RSC performance, mutual commitment
towards business needs, market share,
liquidity, profitability

[4, 7, 14, 37,
38, 57]

8 Management
capability

Warehouse management, transportation
management, manpower, capacity of facilities

[30, 38, 62,
90]

9 Technique level Range of services, inventory management,
manpower planning, space utilization,
resource allocation, demand forecasting,
equipment handling

[30, 38, 62]

10 Service capability Quality service, configuration flexibility,
adaptation to change in market

[4, 17, 23,
45, 51, 58,
76, 90]

11 Communication
and IT system

Investment in logistics information system, IT
and information security system

[4, 7, 49, 62]

12 Relationship Mutual commitment, trust and fairness,
channel relationship

[44, 94]

13 Strategic fit Attitude, ability to match its resources and
capabilities with opportunities in the external
environment

[22]
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Table 17.2 Environmental criteria for evaluation of 3PRLP

Notation Criteria Description References

1 Reverse logistics Developing efficient logistics system for
carrying all RL practices such as collection,
sorting, recycle, remanufacture and
redistribution with emphasis on maximizing
value creation

[2, 18, 20,
80, 88]

2 Green design Use of environmentally-efficient logistics
system, green design of facilities to factor in
short-term as well as long-term impact on the
environment

[47, 77]

3 Environmental
management
practices

Monitoring of environmental level of RL
activities, environmental credentials earned,
employee training

[11, 25, 33,
54, 95]

4 Pollution
prevention

Measures adopted and efforts made for
reduction, elimination, or prevention of
pollutant emissions

[10, 22, 52]

5 Resource
consumption

Reduction in the consumption of
resources-energy, raw material and water

[10, 22, 25,
52, 54, 78]

6 Degree of
closure/safe
recycling

Impact of recycling on the outside
environment

[21, 70]

7 Pollution control Waste minimisation and reduction of carbon
footprint in every stage of the SC

[10, 22, 25,
54]

8 Green practices Green technology, green packaging using
bio-degradable materials, employees training

[98]

9 Customer
satisfaction

Matching degree of customer expectation
regarding environment safety

[16]

10 Environmental
protection
compliance and
commitment

ISO compliance, respect for environmental
protection laws and environmental policies,
commitment and alignment towards
environmental objectives

[9, 38, 61]

11 Disposal capability Capability of disposal of wastes in order to
protect environment

[53, 55, 78,
93]

Step 3: Post analysis, the criteria are ranked on basis of their importance which
is assessed through a developed questionnaire with the panel of experts.
The DMs rank the criteria on the following scale: ‘very poor’-1, ‘poor’-2,
‘medium’-3, ‘good’-4 and ‘very good’-5.

Step 4: The specified ranks are then collected and the mean of the ranks for each
criteria is calculated. Further, normalization is done to obtain the final rank-
ing.

Step 5: The top six out of thirteen economic criteria, five out of eleven environmental
criteria and four out of eleven social criteria are selected as per the DMs
opinion.
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Table 17.3 Social criteria for evaluation of 3PRLP

Notation Criteria Description References

1 Cooperation with
government
agencies

Compliance with various ILO laws relating to
employee welfare and compliance with
government employment law

[62]

2 Stakeholder
satisfaction

Health, education, housing, security, grants
and donations, supporting community
projects and economic welfare and growth

[22]

3 Employment
practices

Building relationship with the staff,
employment compensation, and flexible
working arrangements

[10, 22, 25,
54, 95]

4 Health and safety Respect for policies with regard to employee
health and safety, workplace safety, security
and safety procedural complains

[10, 36, 63]

5 Employment
stability

Career development, employee contracts [20, 29, 34,
63]

6 Local community
influence/publicity

Promotions for betterment of society [10, 38]

7 Supporting
education

Educating people about importance of reuse,
recycle, remanufacture

[2]

8 Equity labour
sources

Policies towards labour equity [22, 38]

9 Corporate image Market reputation, image among public [67, 72, 79]

10 Job opportunities Opportunities for employment by the
organization

[22, 43, 68,
69, 86]

11 Value to customer Consumer education, customer satisfaction
and responsiveness

[63]

17.3.3 Best Worst Method for Ranking of Key Sustainable
Criteria for 3PRLP Evaluation

The BWM technique was developed by Rezaei, 2015 and has since been applied to
numerous multi-criteria-based modelling problems [42, 84, 97]. The major advan-
tages of using BWM over other multi-criteria-based evaluation techniques are: (i)
the number of pairwise comparisons is less resulting in less time, cost and effort; (ii)
it results in better consistency of the judgement matrix.

Consider the set of ‘k’ criteria {C1,C2, . . . ,Ck} and the set of ‘m’ DMs
{DM1, DM2, . . . , DMm}. The BWM technique to find the weights of importance of
the ‘k’ criteria is briefly described below [81]:

Step 1: Each DM is asked to select his/her best (most desirable) and the worst (least
desirable) criteria.
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Let Ci
B be the best criteria and Ci

W be the worst criteria of the i th DM
(i = 1, 2, . . . ,m).

Step 2: For each DM, the preference of the best criteria over the other criteria is
calculated.
A numerical scale of 1–9 is used in this study, where a value of ‘1’ represents
equal preference and a value of ‘9’ represents the extreme preference of the
best criteria over the other criteria. This results in the Best-to-Others (BO)
vector given by

{aiB1, aiB2, . . . , aiBk}

Where, aiB j indicates the preference of the best criteria over j th criteria.
Also, aiB j � 1 ∀ j = 1, 2, . . . , k and aiBB = 1.

Step 3: For each DM, the preference of each criterion with the worst criteria is
calculated. This results in the Others-to-Worst (OW) vector given by

{ai1W , ai2W , . . . , aikW }

Where,aijW indicates the preference of the j th criteria over theworst criteria.
Also, aijW � 1 ∀ j = 1, 2, . . . , k and aiWW = 1.

Step 4: Calculate the optimal weights (vi
1, v

i
2, . . . , v

i
k) of the criteria as per the

judgement of i th DM. The objective is to ascertain the optimal weights
of the criteria in order to minimize the maximum of the absolute differences
|vi

B − aiB jv
i
j | and |vi

j − aijWvi
W | for j = 1, 2, . . . , k.

Step 5: Formulate the min-max model as follows [82]:
minmax

j
{|vi

B − aiB jv
i
j |, |vi

j − aijWvi
W |}

Subject to
k∑

j=1
vi
j = 1

vi
j � 0 ∀ j = 1, 2, . . . , k

Step 6: Using αi to denote the maximum absolute difference, formulate the follow-
ing equivalent linear model for calculating weights of criteria as per the i th
DM [82]:
min αi

Subject to
|vi

B − aiB jv
i
j | � αi ∀ j = 1, 2, . . . , k

|vi
j − aijWvi

W | � αi ∀ j = 1, 2, . . . , k
k∑

j=1
vi
j = 1

vi
j � 0 ∀ j = 1, 2, . . . , k

αi can be considered as an indicator of the consistency of the comparisons.
Its value close to zero shows a high level of consistency. The reliability
of the model also relies on the value of αi . The greater the value, the less
reliable the comparisons are [65].
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Step 7: Solve the linear model of BWM to get the optimal weights.
Let the optimal solution of model formulated in Step 6 be given by
(vi

1
∗
, vi

2
∗
, . . . , vi

k
∗
) and the optimal objective value be αi ∗.

Step 8: Calculate the final weights w1, w2, . . . , wk of criteria by taking average of
the optimal weights obtained for each DM as follows:

w j =

m∑

i=1
vi
j
∗

m
∀ j = 1, 2, . . . , k

17.4 Application of the Proposed Methodology

17.4.1 Identification of Key Criteria Using Delphi Technique

The objective of using the Delphi technique is to select the most important criteria
according to theDMs froma list of thirteen criteria in economic dimension and eleven
in environmental and social dimensions respectively. The criteria must be shortlisted
on the basis of their importance in evaluating the capabilities of 3PRLPs in sustainably
managing the RL operations. The Delphi technique aids in identifying the critical
criteria, the inter-dependency amongst the criteria and the irrelevant criteria as per the
DMs opinions and end goals. Henceforth, the key sustainable criteria are extracted
as shown in Fig. 17.2.

This has resulted in finalization of six key economic criteria: (1) Financial Per-
formance (FNP) refers to the financial capability of the 3PRLP in providing the
RL services at minimum cost and its mutual commitment towards achieving liquid-
ity and profitability for organization; (2) Resource Capacity (RCP) which refers to
the capacity of the 3PRLP to invest in RL operations, facility development and other
infrastructure development; (3)Quality (QL) corresponds to the quality of the service
provided by the 3PRLP and the quality of the final remanufactured product, recov-
ered parts and material; (4) Assets Management (ASSM) refers to management of the
facilities and vehicles, transportation activities, manpower engaged by the 3PRLP;
(5)Technology Innovation (TI) incorporates the ability of the 3PRLP to invest in tech-
nical development in order to fulfil the RL service level, provide information security
system for a better communication between the facilities and advanced components
and equipment for better working conditions; (6) Optimization Capabilities (OPC)
refers to the technique level and the range of services provided by the 3PRLP. It
also includes the inventory management, space utilization, demand forecasting and
equipment handling skills of 3PRLP.

The evaluation of eleven environmental criteria usingDelphi technique resulted in
clustering the criteria and identifying five key criteria with the aim towards selecting
3PRLP who will be able to carry RL activities with reduced environmental degra-
dation. The five combined environmental criteria are (1) RL Practices (RLP) which
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Fig. 17.2 Key sustainable criteria for 3PRLP evaluation

includes developing efficient logistics system by 3PRLP for carrying all RL activities
such as collection, sorting, recycling, remanufacture and redistributionwith emphasis
on maximizing value creation and minimizing the deterioration of the environment.
RLP also includes the capability of disposal of wastes in order to protect the environ-
ment; (2) Green Level (GRL) of 3PRLP is measured in terms of the green practices
adopted by the 3PRLP such as green packaging using biodegradable materials and
training of employees is an unavoidable practice for the safety of the environment.
It also involves green design of 3PRLP’s facilities to factor in short-term as well as
long-term impact on the environment; (3)EnvironmentalManagement System (EMS)
refers to the commitment and alignment of 3PRLP towards the environmental objec-
tives of the organization. Its compliance towards the environmental protection laws
and environmental policies. Its efforts towards reduction of carbon footprint in every
stage of the RSC; (4) Pollution Prevention and Control (PP&C) relates to measures
adopted and efforts made by 3PRLPs for reduction, elimination, or prevention of
pollutant emissions; (5) Resource Consumption (RCN) refers to the ability of 3PRLP
to reduce the consumption of resources such as energy, raw material and water.

Eleven social criteria are evaluated and combined in the following four key criteria:
(1) Human Resource Policies (HRP) which is to check compliance of 3PRLP with
various ILO laws related to employeewelfare and transparency towards labour equity.
Compliance and transparency with regards to employment laws is very important as
most RL activities in India are still conducted in an unorganized manner involving
women and children to work in hazardous conditions; (2) Stakeholder Empowerment
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(STE) refers to the contribution of 3PRLP towards educating and empowering its
stakeholders. It also refers to the ability of the 3PRLP to respond effectively towards
company’s and customer requirements; (3) Employment Practices (EMP) refers to
how effectively 3PRLP has managed to build relationship with staff. Additionally,
it also includes the attitude of 3PRLP towards employment compensation, flexible
working arrangements and career development; (4) Health and Safety (H&S) refers
to the policies adopted by 3PRLP to ensure the safety of the employees, provide
security, and maintaining an environment friendly workplace for the health of the
employees.

17.4.2 Evaluation of Key Sustainable Criteria Using Best
Worst Method

Next, the BWM technique is utilized to prioritize the key performance criteria under
the triple bottom line approach and reduce the existence of inconsistency of DMs.
Four BWM models are formulated—Model 1 is for finding the rank of importance
of the three sustainability dimensions viz. economic, environmental and social.
Table17.4 below provides the weights of each dimension obtained from solving
model 1 on the basis of preferences given by DM 1. It can be seen from Table17.4
the value of α1 for model 1 is 0.045, which is closer to zero. Hence, the evaluation
of DM1 is consistent.

Similarly, evaluation of weights of the other six DMs are determined and the final
average weights of the three sustainability dimensions are calculated. The result is
shown graphically in Fig. 17.3. It can be seen that the environmental dimension gains
the highest averageweight with the economic dimension following at second number
and the social dimension achieves the third rank.

BWM technique is also used for evaluating the criteria under the three sustain-
ability dimensions as illustrated in Fig. 17.2. The results of the three BWM models
are presented in Tables17.5, 17.6 and 17.7. Table17.5 represents the weights of the
top six shortlisted economic criteria obtained from solving model 2 on the basis of
preferences given by DM 1. The value of α1 for model 2, in this case, is 0.094, which
means the comparison of criteria for DM1 is consistent.

Table 17.4 BO and OW vectors and weights of sustainability dimensions derived from model 1
(DM 1)

Criteria Best/BO Worst/OW Weight

Economic 2 4 0.332

Environmental 1 6 0.571

Social 7 1 0.097

α1 0.045
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Fig. 17.3 Graphical representation of weights of sustainability dimensions

Similarly, evaluation of weights of the other six DMs are determined and the
final average weights of the criteria under economic dimension are calculated. The
result is shown graphically in Fig. 17.4. The top six amongst the thirteen criteria in
the descending order of their average weights are; ‘Quality’ (QL) (0.375), ‘Finan-
cial Performance’ (FNP) (0.234), ‘Resource Capacity’ (RCP) (0.156), ‘Technology
Innovation’ (TI) (0.094), ‘Optimization Capabilities’ (OPC) (0.094) and ‘Assets
Management’ (ASSM) (0.047).

Table17.6 represents the weights of the top five shortlisted environmental criteria
obtained from model 3 on the basis of preferences given by DM 1. The value of α1

for model 3 is obtained as 0.095, which shows the comparison is consistent for DM1.
Similarly, evaluation of weights of the other six DMs are determined and the final

average weights of the criteria under environmental dimension are calculated. The
result is shown graphically in Fig. 17.5. The top five criteria in descending order of
their average weights are: ‘RL Practices’ (RLP) (0.437), ‘Environmental Manage-
ment System’ (EMS) (0.266), ‘Green Level’ (GRL) (0.133), ‘Pollution Prevention
and Control’ (PP&C) (0.106), ‘Resource Consumption’ (RCN) (0.057).

Table17.7 represents theweights of the top four shortlisted social criteria obtained
from model 4 on the basis of preferences given by DM 1. The value of α1 for model
4 is 0.044, the consistency ratio is very close to zero, hence the result is reliable.

Similarly, evaluation of weights of the other six DMs are determined and the final
average weights of the criteria under social dimension are calculated. The result is
shown graphically in Fig. 17.6. In today’s era, an organization needs to have respect
for policies with regard to employee health and safety, workplace safety, security and
safety procedural compliance. Hence, it must also give emphasis on the same aspects
while evaluation of 3PRLP. The criteria in the descending order of their average
weights are; ‘Health and Safety’ (H&S) (0.485), ‘Employment Practices’ (EMP)
(0.265), ‘Human Resource Policies’ (HRP) (0.176), ‘Stakeholder Empowerment’
(STE) (0.074).
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Table 17.5 BO and OW vectors and weights of economic criteria derived from model 2 (DM 1)

Criteria Best/BO Worst/OW Weight

FNP 2 5 0.252

RCP 3 3 0.178

QL 1 6 0.381

ASSM 7 1 0.037

TI 5 3 0.081

OPC 5 4 0.071

α1 0.094

Table 17.6 BO and OW vectors and weights of environmental criteria derived from model
3 (DM 1)

Criteria Best/BO Worst/OW Weight

RLP 1 6 0.384

GRL 4 4 0.213

EMS 2 5 0.284

PP&C 5 3 0.094

RCN 7 1 0.025

α1 0.095

Table 17.7 BO vector, OW vector and weights of social criteria derived from model 4 (DM 1)

Criteria Best/BO Worst/OW Weight

HRP 3 3 0.211

STE 6 1 0.062

EMP 2 4 0.186

H&S 1 6 0.541

α1 0.044

Fig. 17.4 Graphical representation of weights of economic criteria
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Fig. 17.5 Graphical representation of weights of environmental criteria

Fig. 17.6 Graphical representation of weights of social criteria

17.5 Result Discussion

The sustainability criteria shortlisted usingDelphi technique are evaluated under each
dimension using BWM. Next, the weights of importance of the three dimensions of
sustainability are derived using BWM. The results of the four BWM models have
been presented in Tables17.4, 17.5, 17.6 and 17.7. Table17.4 provides the weights
of each dimension obtained from solving model 1. It can be seen that the environ-
mental dimension gains the highest weight with the economic dimension following
at second number and the social dimension achieves the third rank. The environmen-
tal dimension being ranked first is reflective of the DMs opinion that the primary
objective of the organization in choosing to outsource to 3PRLP is to manage the
returned flowof products and associated activities in an environmentally safemanner.
The second rank of economic dimension shows that financial performance and RL
associated costs hold importance for bringing profit to the organization. The social
dimension is ranked third, which implies that workplace safety and employment
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practices although important for the company, are not given more importance than
environmental and economic aspects.

Table17.5 shows the top six amongst the thirteen economic criteria. ‘QL’ plays
an important role in outsourcing to 3PRLP as the quality of the recycled material,
refurbished product and quality service are important for creating value for customers
and which is the idea behind RL. Also, it can be seen from Table17.4 that the
environmental dimension ranks first which shows that for the company, the focus is
on ‘RLP’ for the environmental gains in terms of quality recovery of products and
materials. Further, in outsourcing logistics, an important concern for the organization
is that 3PRLP is mutually committed towards its business needs. In this context,
‘FNP’ has hence been ranked second, which refers to the ability of the 3PRLP to gain
economic benefits from RSC performance for the organization. Next, ‘RCP’ which
ranks third measures the capability of 3PRLP to invest in RL network operations
and specialized infrastructure. The criteria ‘TI’ and ‘OPC’ hold the same level of
importance. Both criteria have relevance in measuring the ability of 3PRLP to invest
in strong technical development and efficiently manage RSC processes.

Table17.6 represents the weights of the top five shortlisted environmental criteria
obtained from model 3. Due to increase in environmental pollution, stakeholders
demand for reduction of carbon footprint in every stage of the RSC. This justifies the
obtained rankings of the criteria based on judgments of the DMs. ‘RLP’ is the highest
ranked criteria under the environmental dimension. In RL, sustainability is of utmost
importance and for that 3PRLP must focus on execution of all ‘RLP’ efficiently and
enhancement of safe recycling and disposal capability. Ranked second is ‘EMS’, as
the company is strict about compliance towards environmental policies. Hence, it
wants to associate with 3PRLP who actively monitors the environmental level of
their ‘RLP’ and adheres to all the environmental protection laws and environmental
policies. ‘GRL’ is ranked third, which measures the capability of 3PRLP to focus
on the green design of facilities to factor in short-term as well as long-term impact
on the environment, in order to enhance the environmental performance of the RSC
network.

Table17.7 represents theweights of the top four shortlisted social criteria obtained
from model 4. The criteria ‘H&S’ has received the first rank, which shows that the
company is concerned towards not only maintaining safety standards for their orga-
nization, but also expect the same from the 3PRLP. Ranked second is ‘EMP’, which
means the 3PRLP must have the ability to contribute towards career development
of their employees while also providing opportunities to the local people for the
development of regional sustainability. Ranked third is ‘HRP’ as compliance with
various ILO laws relating to employee welfare is needed in RL. It is essential as
many unorganized sectors use unscientific methods to recycle and recover full value
from the returned products.

A comparative ranking of weights of the three dimensions of sustainability for
3PRLP evaluation and within each dimension the importance of criteria as per the
DMs has been shown graphically in Fig. 17.7. It gives a clear picture to the RSC
managers regarding howmuch emphasismust be laid on the criteria for the evaluation
of 3PRLP for achieving sustainability.
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Fig. 17.7 Graphical representation of the importance of criteria under each sustainability dimension

17.6 Conclusion

Concerning the result analysis, the conclusion of the study is presented. The iden-
tification of key performance criteria for 3PRLPs is complex. This research has
attempted an integrated MCDM model, which combines Delphi and BWM tech-
niques to evaluate and select the appropriate key performance criteria for the selection
of sustainable 3PRLPs. The proposed model is applied in the electronic industry to
check the applicability and validity of the model. From the list of sustainable criteria
derived from a broad literature review, few are shortlisted and weighted in order to
acquire the main aspects for the assessment of sustainable performance of 3PRLPs.
Delphi technique has been applied for the first level of screening of the criteria which
is based on the results of various levels of questionnaires sent to a panel of experts and
choosing the most prominent criteria of economic, environmental and social dimen-
sions according to the DMs. The criteria have been shortlisted on the basis of their
importance in evaluating the sustainable performance of 3PRLPs. Post the Delphi
technique, the inter-dependent key criteria have been clubbed together to acquire a
smaller number of criteria to ease the complexity of the decision-making. Next, the
methodology involves the BWM technique to prioritize the key performance criteria
under the triple bottom line approach. Four BWMmodels have been formulated. First
model is for finding the rank of importance of the three sustainability dimensions
viz. economic, environmental and social. Next, three BWM models are utilized to
find the rank of importance of all criteria under each sustainability dimension. The
result of model 1 shows that the environmental dimension has achieved the highest
preference since the motivation behind RL is to achieve reduce the negative impact
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of the SC activities, and hence environmental sustainability is the foremost responsi-
bility of the 3PRLPs. The importance of environmental dimension justifies the DMs
outlook on the criteria selection. As per the result derived frommodel 2,QL and FNP
have been the topmost key performance criteria under the economic dimension. QL
is of great importance as the quality of service and product is of high significance for
a customer, whereas FNP refers to the economic benefits for the company from the
RL operations. Value for customers and economic benefits have been the idea behind
RL. The result of model 3 yields RLP and EMS as the top two criteria under environ-
mental dimension. This ascertains that reduction of carbon footprint and compliance
towards environmental policies in RSC are the major goals towards sustainability.
Lastly, model 4 solved for social dimension yields H&S and EMP as the top two
social criteria. It is justifiable as safety and opportunity for employees is a major con-
sideration for the organization and hence expect the same from 3PRLP. The obtained
results validate that the integrated decision-making model proposed in the study suc-
cessfully addresses the sustainable performance criteria selection problem. The final
list of criteria derived in the study along with their rank of importance, sustainable
3PRLP selection problem can prove to be very useful in sustainable 3PRLP selection
problem. There are a few limitations of the study. The criteria identified in the study
broadly covers all the sustainable aspects of the evaluation of 3PRLPs. However, the
study is limited to electronic industries. Further, the criteria selection is based on the
opinions of the DMs of a specific industry which can vary when applied to other
case studies. However, it has a lot of scope for modification by researchers and prac-
titioners with regard to the change in the decision-making environment. This study
can also be expanded by incorporating the risk dimension, as risk is an important
factor to be taken under control while performing the RL. Risk factors like financial
risk, operational risk and organizational risk can be considered while selecting the
3PRLPs.
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ment of third-party logistics providers using a CRITIC–WASPAS approach with interval
type-2 fuzzy sets. Transport 32(1), 66–78 (2017)



17 Identification and Analysis of Key Sustainable Criteria … 399

52. Klassen, R.D., Whybark, D.C.: The impact of environmental technologies on manufacturing
performance. Acad. Manag. J. 42(6), 599–615 (1999)

53. Knemeyer, A.M., Ponzurick, T.G., Logar, C.M.: A qualitative examination of factors affecting
reverse logistics systems for end-of-life computers. Int. J. Phys. Distrib. Logist.Manag. (2002)

54. Labuschagne, C., Brent, A.C., Van Erck, R.P.: Assessing the sustainability performances of
industries. J. Clean. Prod. 13(4), 373–385 (2005)

55. Lai, K.H., Wu, S.J., Wong, C.W.: Did reverse logistics practices hit the triple bottom line of
Chinese manufacturers? Int. J. Prod. Econ. 146(1), 106–117 (2013)

56. Lambert, S.,Riopel,D.,Abdul-Kader,W.:A reverse logistics decisions conceptual framework.
Comput. Ind. Eng. 61(3), 561–581 (2011)

57. Lao, S.I., Choy, K.L., Ho, G.T.S., Tsim, Y.C., Chung, N.S.H.: Determination of the success
factors in supply chain networks: a Hong Kong-based manufacturer’s perspective. Meas. Bus.
Excell. (2011)

58. Li, F., Li, L., Jin, C., Wang, R., Wang, H., Yang, L.: A 3PL supplier selection model based on
fuzzy sets. Comput. Oper. Res. 39(8), 1879–1884 (2012)

59. Li, J.,Wang, Z., Jiang,B.:Managing economic and social profit of cooperativemodels in three-
echelon reverse supply chain for waste electrical and electronic equipment. Front. Environ.
Sci. Eng. 11(5), 12 (2017)

60. Linstone, H.A., Turoff, M. (eds.): The Delphi Method, pp. 3–12. Addison-Wesley, Reading
(1975)
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