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ABSTRACT

Packaging is a system that enables safe, effective and efficient storage, handling, transportation
and marketing of products along the supply chain. Packaging is an integral part of the supply
chain and the economy. Consumption and disposal of unsustainable packaging in nature create
huge complex problems for our ecosystem. The rapidly growing markets, market competition
and technological advancement also accelerate these issues. Therefore, the packaging
industries particularly in developing economies are encountering colossal pressure to meet
sustainable development goals (SDGs). Many industries are continuously using traditional
packaging methods and materials in the products supply chain to fulfill consumer demand and
competition. In recent years, growing packaging waste and continuously increasing consumer
demand have led to severe environmental impacts that could affect the social as well as

economic reputation of the enterprises.

There will be increase in packaging consumption worldwide due to rise in population,
particularly in low and lower middle-income nations, which are poised for the most rapid
growth. The manufacturing industries of low-income and high-income countries demonstrate
different packaging requirements; for example, the motivation for sustainability and high-
quality packaging in high-income regions is not the same in lower-income countries. Therefore,
the packaging management of manufacturing enterprises in emerging economies like India for
implementing sustainable packaging assumes great significance. In recent studies, it has been
observed that the enterprises of industrialized nations are continuously adopting sustainable
manufacturing and cleaner technology infrastructure in their ecosystem. However, the
packaging manufacturing industries of developing countries are still lagging in adopting
sustainable and environmentally friendly practices because of several hindrances. So, there is
a scope to study packaging sustainability in developing countries. The present research
attempts to analyze the sustainability adoption in packaging supply chain. This study was

conducted in four phases and was designed into eight chapters in the thesis.

In the first phase, a research framework has been proposed for the potential critical success
factors (CSFs) to sustainability that can enhance performance of packaging supply chain
system (PSCS) based on feedback from industry experts and researchers. We have utilized
Total Interpretive Structural Modeling (TISM) and Matrice d'Impacts Croises Multiplication
Appliquée a un Classement i.e. Cross-Impact Matrix Multiplication Applied to Classification

(MICMAC) methodology to identify the interrelationships and develop a hierarchical structure
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among the identified CSFs. The TISM approach explores binary interactions between the CSFs
to sustainability in PSCS and the MICMAC methodology provides the driving potential and
dependence score of the CSFs. In this phase of study, a total of sixteen CSFs has been selected
that can improve sustainable performance of PSCS. After that we have evaluated and analyzed
these CSFs with the adopted TISM and MICMAC approaches and developed an integrated
model. The proposed framework can be utilized to describe and organize the crucial CSFs and
reveal the direct and indirect effects among CSF on sustainable performance of PSCS. The
findings emphasized that ‘commitment of regulatory bodies’, ‘capital investment in sustainable
packaging’ and ‘integrative and collaborative approach’ are the most significant CSFs that have
achieved maximum driving power and minimum dependency. The proposed model could
empower various packaging industries and regulatory bodies in the formulation of policies to
effectively tackle the CSFs while adopting sustainability in their ecosystem.

In the second phase, a framework has been established for assessing the cause-and-effect
evaluation of CSFs that will support packaging systems by assessing the impact of significant
CSFs for improving their performance. This work uses the Fuzzy Decision-Making Trial and
Evaluation Laboratory (Fuzzy DEMATEL) and Maximum Mean De-Entropy (MMDE)
techniques to synthesize the identified CSFs to sustainability in PSCS by ranking priority. It
provides a cause-and-effect relationship between CSFs and significant factors in the cause-and-
effect group. Based on the results obtained from first phase, the same sixteen CSFs were
analyzed, and investigated using the Fuzzy DEMATEL and MMDE approach. The analysis
results show that the most influential CSFs are integrative and collaborative approach (F9),
commitment of regulatory bodies (F13), continuous enhancement in packaging operations (F8)
and effective pooling packaging mechanism (F5) and they fall in the cause group. The results
from this study are beneficial for decision-makers in developing better strategies while
focusing on significant prominence and effect CSFs to enhance the organization’s sustainable

performance.

In the third phase, the framework has been established for assessing and prioritizing the key
potential barriers that can disrupt the PSCS performance towards successful implementation of
sustainability in their ecosystem. A total of twenty-nine (29) potential barriers were established
from the literature and expert suggestions. These potential barriers are categorized into six main
categories: organizational, material, financial, technological, logistical, and independent.
Further, the identified potential barriers were validated through Fleiss Kappa statistics. We

proposed a structured framework to analyze and prioritize the significance of the potential
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barriers by utilizing a multi-criteria decision-making (MCDM) approach- specifically the
Bayesian Best Worst Method (BBWM). The study also facilitates a framework representing
the interrelationship among potential barriers by developing a credal ordering network diagram
that reflects their confidence level while considering the probabilistic approach. The outcomes
of our study emphasized that ‘high capital investment (B32)’, ‘vagueness in return liquidity
(B33)’ and ‘lack of IoT-enabled infrastructure (B54)” barriers, were the most significant, and
these results can be utilized by the managers, policymakers, and executioners of the PSCS for
prioritization and subsequent consideration of potential barriers. A framework for enhancement
strategies to mitigate significant critical barriers was also proposed. Packaging manufacturing
firms should adopt multiple strategies to reduce the impact of potential barriers and enhance

the PSCS’s sustainability and effectiveness.

In the fourth phase, we have developed a comprehensive framework for measuring and
evaluating policy-driven sustainable transitions in the PSCS. A system dynamics (SD) model
has been developed to effectively understand the complex interactions among various factors
in the packaging ecosystem. We have taken the diverse behaviour of small, medium, and large
firms across different packaging materials such as conventional, recycled, bioplastics and
compostables. This study can help to address critical challenges arising from growing
packaging waste, regulatory pressures, and the need to balance environmental performance
with firm-level viability. The results obtained under various scenarios indicate that small and
medium firms play a pivotal role in accelerating systemic change towards sustainability. The
model demonstrates positive outcomes by enhancing the profitability dynamics of firms, which
supports long-term policymaking. Mandates and compliance enforcement can serve as
necessary drivers to improve sustainability transitions by achieving economic, environmental,
and social objectives. Subsidy levers targeting different firm size categories can be designed to
optimize system-wide adoption performance. The model also shows that consumer awareness
can be highly effective in accelerating sustainable momentum. Finally, this study helps in
framing waste management policies, such as penalties on excessive waste generation and

control on absolute waste volumes as output grows.

Overall, the thesis provides- i) the hierarchical structural framework for CSFs to improve
sustainable performance in PSCS by utilizing TISM and MICMAC approaches, ii) the cause
and effect analysis framework for CSFs in PSCS by utilizing Fuzzy DEMATEL and MMDE
approach, iit) BBWM based prioritization framework for potential barriers to sustainability that

can disrupts the sustainable performance in PSCS and iv) an SD framework for measuring and
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evaluating policy-driven sustainable transitions in the PSCS that can aid in understanding the
complex interactions among various factors in PSCS over the long run. This study has resulted
in methodological and practical methods for transacting with the various aspects of enhancing
sustainability. This study was carried out to fill the gaps established in the literature and attempt
to address the most relevant concerns to the packaging supply chain. In conclusion, this
dissertation contributed to the frame of knowledge and management as displayed in different

phases of research.
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