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ABSTRACT

Product Recovery System (PRS) subsist of reducing bulk of waste directed towards the
landfill by retrieving materials and parts of obsolete products through remanufacturing and
recycling. Due to environmental concerns, product recovery has become a substantial
strategy for developing customer satisfaction. Product recovery decisions are perplexing due
to scarcity of information linked with the returned products. Product data is required for
adequate handling of returns and it is difficult to fetch this critical data and investigate the
necessary information for effective return management. Considering the fact that some
products are always returned, it becomes challenging to analyze whether to process the new
product or to rework on the returned product at every step of the product recovery chain.
Information and decision sharing when linked with PRS result in performance improvement
of the system. Information Facilitated Product Recovery System (IFPRS) has captivated
industry attention and has developed into matter of consideration among the researchers
because of enhanced climate concerns, jurisdictive logics and societal liabilities. Although,
IFPRS implementation has become an essential aspect in manufacturing industries functional
in the developed nations, still limited consideration has been given in the literature to analyze
the issues to IFPRS implementation in context of emerging and developing nations.
Therefore, requirement for decision models to appraise the product recovery performance has
been realized among the practitioners and academicians. The present research is an attempt to
analyze the Key Performance Indicators (KPIs) for improving the performance of
Information Facilitated Product Recovery System (IFPRS). This study has been conducted in
five phases, which has been designed into nine chapters in the thesis.

In the first phase, a comprehensive framework among Key Performance Indicators (KPIs) of
the Information Facilitated Product Recovery System (IFPRS) has been proposed on the basis
of feedback captured from the industry experts’ and the researchers’. Total Interpretive
Structural Modeling (TISM) methodology interspersed with fuzzy MICMAC is employed to
extract the interrelationships and develop a hierarchical structure among the identified KPIs.
This study has identified fifteen KPIs of IFPRS and developed an integrated model using
TISM and the fuzzy MICMAC approach, which is helpful to describe and organize the
important KPIs and reveal the direct and indirect effects of each KPI on the IFPRS
implementation. The results from the study indicate that ‘Information sharing’, ‘technology

capacity’ and ‘technology standards such as EDI, RFID’ are the KPIs that have attained
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highest driving power. The proposed modelling could empower various governmental and
non-governmental regulatory bodies in formulation of policies to effectively tackle the
problem related to PRSs. It is expected that the results originated will assist the experts’ to
relevantly identify the significant and drop the insignificant KPI for successful product
recovery implementation and performance improvement of IFPRS.

In the second phase, an extensive assessment tool and decision model among KPIs of IFPRS
is proposed. Structural Equation Modeling (SEM) technique is adopted to generate
measurement and structural models. The segregation of fifteen KPIs into three perspectives
namely (regulatory, technological and operational) is performed on the basis of results
obtained from Exploratory Factor Analysis (EFA). The EFA results recognize that all the
KPIs that were examined in this study are important for successful implementation of IFPRS.
Further, Confirmatory Factor Analysis (CFA) is performed by scanning a vast range of
experts’ working in the domain of IFPRS. CFA was adopted to test the model fit with the
empirical data by employing SEM analysis. The measurement model was tested and the
proposed model was found to be compatible with the empirical data. SEM analysis is
performed to calculate the model fit, three hypotheses are tested and all are accepted. It can
be concluded that the regulatory factors are positively related to both the operational and
technological factors. Also, the operational factors are positively related to technological
factors. The results deduced form the study can assist companies in electing the important
KPIs to execute IFPRS practices in manufacturing industries based on varying prospects.
This study can benefit practitioners to measure the performance of the IFPRS and mentor
them in decision making for future enhancements.

In the third phase, a framework based on TOPSIS approach is proposed to provide a coherent
and systematic process for evaluating and prioritizing the KPIs of IFPRS under a fuzzy
environment. The analysis reflects that ‘technology capacity’ is ranked as the highest and is
the most efficient KPI for successful fulfillment of IFPRS practices. The ‘environmental
concern’ and ‘waste management system’ are ranked at second and third position
respectively. The results would automatically enhance the perception of product recovery
professionals regarding the nature of relations among the KPIs of IFPRS. Consequently, the
results of this study provide a vivid picture that would facilitate the organization to reveal the
importance of KPIs relevant to IFPRS.

In the fourth phase, a mathematical problem is formulated to enhance the overall productivity
of the product recovery chain. The problem is developed as a Mixed Integer Linear

Programming (MILP) model. Genetic Algorithm (GA) and Particle Swarm Optimization



(PSO) are the two meta-heuristic algorithms which are proposed for solving the MILP
problem. A recovery scenario is modelled subject to time and type of product to be
processed. A case study is represented for a Fast Moving Consumer Goods (FMCGQG) industry
to demonstrate the approach. The proposed model demonstrates a reduction in overall cost of
the product recovery chain.

In the fifth and the last phase, a study is proposed to recognize the issues to implementation
of IFPRS for a Circular Economy (CE) in Indian manufacturing industries. In this study,
twenty-four potential issues are established from the literature and suggestion from the
experts. The issues are clubbed under five different perspectives of technical, government,
organization, policy and knowledge. Further, the identified issues are prioritized through
fuzzy VIKOR technique. Sensitivity analysis has been carried out to check the robustness of
the framework. The results form the study reflect that lack of skills and expertise in [IFPRS
implementation for a CE, requirement of capital to implement CE in IFPRS, inadequate in
adopting recent Information Technology (IT), feasibility of IFPRS employment for a CE and
no efficient training and program to CE adoption are the top five potential issues in
implementation of IFPRS practices for a CE in Indian manufacturing industries.

The present study includes a detailed investigation of the KPIs relevant to IFPRS. Also, the
issues pertaining to implementation of IFPRS for a CE are addressed in this study. This study
has resulted in methodological and practical methods for transacting with the various aspects
of PRSs. The study carried out is an effort to fill the gaps established from the literature and
also attempts to address the concerns that are most relevant to the industry. In rundown, the
study made contributions to the frame of knowledge and management as displayed in

different phases of research.
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