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Abstract: This study analyzed the operational environment of supply chains involved in the pro-
duction of eco-friendly plastics, with a particular emphasis on small- and medium-sized businesses
worldwide. Qualitative research methods were used to highlight the significance of extended pro-
ducer responsibility (EPR) regulations and strong recycling programs for the sustainability of small-
and medium-sized enterprises (SMEs). Also, this study looked at international regulations affecting
the implementation of circular economy strategies and the difficulties in creating sustainable supply
chains. It concluded that waste reduction, effective supply chain management, and sustainable
practices are crucial aspects of a more effective and sustainable global plastic-manufacturing sector.
This research highlighted the significance of government policies in SME revival and used Multiple-
Criteria Decision Analysis (MCDA) to help SMEs adopt sustainable supply chain practices that act as
a catalyst for industry reform.

Keywords: sustainable practices; circular economy; sustainable supply chain methods; extended
producer responsibility; clean manufacturing

1. Introduction

In the context of the global industrial landscape, sustainability is viewed as an adjunct
to a working cycle that is already productive. Organizations need to strategically manage
economic, social, and environmental challenges by seamlessly integrating sustainability
into their functional components [1]. Plastics are known to have a greater environmental
impact than most other products. Owing to their wide range of uses, industries find it
difficult to implement a standard procedure to stop environmental damage after plastic
products are used for the first time [2,3]. By dividing plastics into groups according to
the value chain, businesses adopted a recycling and circular economy philosophy. The
disparity between the Sustainable Goals and the supply chain is made clear by the fact that
while 65% of brands and retailers have reduced their use of virgin plastic, International
Commitment members have only seen a slight decrease (−0.1%) since 2018, even though
the top performers have achieved a 13% decrease, which has been countered by increased
usage among some larger firms [4]. Businesses that prioritize good environmental practices,
social responsibility, and ethical governance are not just doing the right thing, they are also
setting themselves up for long-term success. The U.S. National Recycling Goal aims for a
50% recycling rate by 2030 by challenging SMEs with compliance costs, as well as offering
market opportunities through sustainable innovations [5]. This ESG trifecta represents
the key to building a responsible and sustainable future for both companies and society.
For instance, formerly dependent on virgin polyester, Mohawk now uses only recycled
plastic bottles for carpets—roughly 6.6 million bottles per year—which saves the company
$4.3 million in landfill, haul-away, and wastewater treatment costs.
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This study investigated breaking away from the conventional “take-make-dispose”
mindset. To establish sustainable practices in plastic production, this research explored ex-
tended producer responsibility (EPR) with an emphasis on post-consumer stages, encasing
waste management, raw materials, value chain, and regulation. Driven by the worldwide
issue of plastic pollution, particularly from small- and medium-sized enterprises (SMEs),
this research aimed to identify and address practical challenges while advocating for a
paradigm shift toward circular economy ideas, sustainable supply chains, and diligent
waste disposal without altering the life cycles of products.

1.1. Background

Businesses have implemented mitigation strategies to lower carbon emissions, set
achievable targets, and use these measures as a competitive advantage because customers
value a company’s reputation. In a survey conducted by Aspen Technology Inc. among
340 business professionals globally, where Asia accounted for 19% and India for 11% of
the responses based on the poll, asset-intensive businesses supported current efforts to
reduce carbon emissions and encouraged sustainable behavior strongly [6]. The plastic
manufacturing industry’s capacity to maintain its competitiveness and to adjust changing
working conditions is what is essentially meant by sustainability in this context.

1.2. Sustainable Supply Change Management

The study of sustainable supply chain management (SSCM) is the outcome of an
attempt to integrate the triple bottom line concept to current SCM practices, which include
sustainability as a crucial component [7]. SSCM aims to accomplish objectives from the
economic, environmental, and social dimensions of sustainable development, which entails
managing capital, information, and material flows, in addition to fostering collaboration be-
tween businesses along the supply chain. These requirements are derived from customers
and stakeholders [8]. SSCM is “the planning, transparent integration and accomplishment
of an organization’s social, environmental, and financial objectives in the systematic coordi-
nation of key interorganizational business processes for improving the individual and its
supply chain’s long-term economic performance” [9].

2. Literature Review

The main goal of this research was to create a comprehensive review of the research
undertaken on sustainable supply chains, specifically aimed at sustainable supply chains
in the plastic industry. A range of methodological techniques were employed to examine
the problem and arrive at a definitive conclusion through an analysis of the types of publi-
cations and literature using various search engines. PRISMA empowers comprehensive
research reviews by ensuring all relevant studies are identified, assessed, and transparently
reported, minimizing bias. This standardized approach enables replication and reduces
potential biases, ultimately contributing to high-quality systematic reviews with robust
findings [10]. Guided by the PRISMA methodology, our literature search yielded 131 initial
articles (Figure 1). The analysis revealed a thriving plastic industry that was actively pur-
suing sustainability via diverse means, like extended producer responsibility and circular
economy models. Focusing on papers from 2019–2023, to obtain an overview of the pre-
COVID-19 and post-COVID-19 scenario, we shortlisted 41 for a detailed review, ultimately
selecting 27 for the in-depth analysis. This process unveiled the methods and challenges
employed by plastic industries, particularly SMEs, in their quest for sustainability [11].
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Figure 1. PRISMA methodology.

3. Research Findings

For many years, plastics have been an essential part of contemporary life due to their
affordability, resilience, and adaptability, but the sector is now facing increasing pressure to
address environmental concerns and embrace sustainability. In this sector, being green is not
only a question of corporate social responsibility; it is also a critical business decision that
will ensure long-term viability and profitability. The refusal to adapt exposes businesses to
a risk of loss to their reputation, as well as possible legal and financial repercussions when
consumers and authorities demand more responsible behavior. Embracing sustainability
may result in decreased expenses, increased value of the brand, entry into new markets,
and conformity with the expanding eco-aware consumer base [12].

3.1. Circular Economy

A key tactic for reducing the adverse environmental effects of plastic manufacturing
is the shift from a linear to a circular economy. It aims to minimize waste by promoting
the reuse, recycling, and repurposing of materials throughout their life cycle. This can be
accomplished through a variety of tactics, including value-recovery techniques, improved
product and capital asset utilization, waste reduction, and product life extension [13]. By
promoting a more ethical and resilient supply chain, this strategy improves the company’s
ecological footprint.

A leading innovator in the plastic-manufacturing industry champions closed-loop
recycling systems. This company collaborates with another organization to incentivize
businesses and eco-conscious individuals to participate in the collection and recycling of
their products. Collected materials are repurposed to create new goods, furthering the
sustainability cycle. Notably, this collaboration involves the first fully recyclable water
filter in the United States. The rewards earned through recycling contribute to charities,
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communities, and educational institutions. Additionally, the collaborating organization’s
program addressing water-related issues in indigenous communities exemplifies a holistic
approach to social, economic, and environmental sustainability [14].

3.2. Clean Manufacturing Techniques for Plastic

Clean manufacturing techniques focus on minimizing the environmental impact of
production processes. This involves reductions in energy consumption, emissions, and
waste generation throughout the manufacturing cycle.

A leading chemical company is collaborating with a nuclear energy company to
develop a sustainable manufacturing project. This project aims to significantly reduce
carbon emissions, fostering a circular economy and enhancing operational reliability. By
doing so, the company is positioning itself at the forefront of the global energy transition,
adhering to strict regulations, and improving supply chain sustainability and transparency.
This effort serves as a model for integrating renewable energy into production, benefiting
both local and global communities while driving the company’s growth [15].

3.3. Extended Producer Responsibility (EPR)

In the plastics business, extended producer responsibility (EPR) has become a viable
policy tool for supporting sustainable supply chain management. EPR transfers to the
product’s manufacturer the material and financial cost of managing an end-of-life product,
according to the OECD (2001). Producers are encouraged by this strategy to use sustainable
production methods, invest in recycling infrastructure, and design products for recyclability.
Research has indicated that EPR is a useful tool for increasing recycling rates and decreasing
the production of plastic waste [15]. For example, a WRI (2020) study discovered that the
use of EPR significantly increased Mexico’s recycling rates for plastic packaging.

3.4. Progress Monitoring: Tracing and Tracking

To ensure accountability and continuous improvement, progress monitoring is essen-
tial for sustainability projects. Regular evaluation and feedback are crucial for monitoring
the success of these initiatives and making informed decisions. For instance, Queen of
Raw’s Materia Mx subscription underscores the critical role of tracing and tracking in
sustainable supply chains, having helped over 150,000 companies save one billion gallons
of water and divert 500 tons of textiles from landfills since its 2014 launch [16].

3.5. SME-Friendly Policies

To support SMEs in the plastics industry, policies should include establishing recycling
cluster zones for efficient waste processing and smart regulations that promote sustainable
practices while penalizing unsustainable ones. Investment in advanced recycling infras-
tructure can enhance SMEs’ capabilities in eco-friendly recycling and circular economy
contributions. The Horizon Europe initiative supports such endeavors by funding projects
that improve waste management and create new recycled material value chains, similar to
the UK’s Plastic Packaging Tax, which encourages the use of recycled plastic by imposing a
fee on less sustainable packaging [17].

4. Methodology

Our approach comprised a thorough examination of multiple choices to attain sustain-
ability across the plastics sector. We addressed the uncertainties inherent in sustainability
evaluations by employing advanced techniques, like the fuzzy ELECTRE and AHP (FAHP)
framework given in Figure 2. By giving decision makers in the plastics industry a solid
framework and comprehensible, practical information, we hope to support their efforts in
steering the sector toward a sustainable future [18,19]. Although there are various methods
available to undertake decision analysis, the reason behind using Fuzzy ELECTRE and
AHP was its variable and robust approach. This method is ideal for research purposes
because it has the capability to handle various criteria by handling different types of data,
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which can be both quantitative and qualitative. This was the reason for taking this method,
as it can help with complex decision making and give practical decisions. The selection
of the criteria and alternatives was carried out by conducting a literature review and
from professionals that had experience in working with plastics industries [15,17,20–23].
Expert assistance was also important for constructing the decision matrices used in the
MCDA approach.
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5. Discussion

SMEs seeking a competitive edge and a successful transition to circular practices can
leverage a four-pronged strategy. First, they must engage in strategic planning, utilizing
a PESTEL analysis to identify key resources and understand product life cycles. Process
standardization, achieved through international certifications and quality management
systems, then ensures operational flexibility and adaptability. Next, efficiency takes center
stage, driven by continuous process innovation and a sharp focus on key performance indi-
cators. Finally, investing in a skilled workforce, particularly in R&D, empowers adaptation
to change and regulatory compliance, while strong R&D leadership champions transforma-
tion. This holistic approach equips SMEs with the tools and knowledge needed to thrive in
a circular economy. Figure 3 shows the various parts in which the SMEs must work.
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5.1. MCDA Implications

Using the information gathered from the literature and the professional opinions
for the defined issue statement, we were able to determine the appropriate approach to
achieve sustainability in the plastic sector after following the technique in accordance
with the fuzzy ELECTRE flowchart. Comparisons revealed that out of all the options,
option A8 (progress monitoring) was the most favored. Alternatives A6 (SME-friendly
policies) and A7 (phasewise EPR guidelines) came after this, where the graphic shows the
outranking relationships between the various choices. The outranking graph provides
important information, one of which is that alternate A4 (incentives for upcoming projects)
did not rank higher than any of the other alternatives. In contrast to option A5, which was
the public–private partnership, it was not superior to any other option. Out of the eight
options, option A5 (public–private partnership) was found to be the least effective. Refer to
Figure 4 for the outranking and interdependence. International regulations play a major
role and impact greatly on the SME operational environment. International regulations
related to circular economy and EPR vary from country to country, due to which they face
lot of challenges in adhering to those complexities in all regions. The financial burden
on SMEs is more due to compliance cost, as well as they have to follow rules, products
standards, manufacturing techniques, environmental rules, and various things according
to different regions.
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Every country is trying to move toward more sustainability, due to which the inter-
national regulations on plastic is increasing day by day, so it is difficult for SMEs to keep
up with countries as they tend toward more technological innovations. Therefore, SMEs
need proper guidance and support from governments, international organizations, and
industries to navigate through this complexity and web of international regulations.

5.2. Future Research Direction

Since progress monitoring is a critical factor from this study, future studies should
look into combining MCDA methods with advanced decision-making tools, like machine
learning, which allows for real-time market and environmental adaptability. This will
enhance the scalability and resilience of integrating blockchain, IoT, and machine learning
in the plastic manufacturing supply chain.

6. Conclusions

Obstacles hinder small- and medium-sized plastic manufacturers (SMEs), as they
strive for sustainable practices and supply chains. Policy ambiguity, lack of vision, and
financial constraints are key hurdles. Encouraging tangible benefits is crucial to drive
transformative investments. Tackling these issues requires a three-pronged approach:
enhanced skills through programs like the Skill Development Program, transparent policies
implemented collaboratively by SMEs and government agencies, and financial support.
Additionally, a circular economy mindset fosters agility and competitiveness. Industry–
academia partnerships are vital for R&D, innovation, and global progress.

Phased EPR guidelines and progress monitoring are essential for sustainability. This
review stresses long-term planning, emphasizing waste management as a way to reduce
recycling costs and generate revenue. Progress monitoring and traceability of the supply
chain are key factors for embracing a circular economy as a strategic move for future
sustainability and reduced challenges.
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