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With the accelerating pace of globalization, companies operating within the
petrochemical industry’s supply chain strive to develop more complex,
customer-centric, and sustainable supply chains. Amid this transformation,
although Industry 4.0 has played a catalytic role in the transition from a linear
economy to a circular economy, its prioritization of machines over humans has
led to the neglect of some sustainability objectives. Industry 5.0, however,
focuses on integrating technology with human values to achieve sustainable
development goals. Combining the circular economy and Industry 5.0 leads to
sustainable synergies across various industries. Nevertheless, implementing a
circular economy is accompanied by both drivers and barriers. Accordingly,
the present study aims to identify and analyze the drivers and barriers of
implementing a circular economy in the petrochemical industry’s supply chain,
based on sustainability within the framework of Industry 5.0. In the first phase,
the drivers and barriers were identified through a literature review. In this
stage, three main drivers and four key barriers were validated by experts using
the Delphi technique. In the next phase, the relationships among these drivers
and barriers were identified using MICMAC software, and their hierarchical
levels were determined through the Interpretive Structural Modeling (ISM)
technique. Ultimately, a schematic model of the drivers and barriers to
implementing a circular economy based on Industry 5.0 sustainability in the
petrochemical supply chain was developed. Based on their influence and
dependence, the identified barriers were classified into four clusters. The
results indicated that design and engineering barriers, as well as social drivers,
have a limited impact on implementing a circular economy. Technical barriers,
which fall under the independent cluster, have a high level of influence.
Notably, economic barriers and technologicaland economic drivers were
categorized in thelinkage cluster, indicating high levels of bothinfl uence and
dependence, and  therefore = asubstantial impact on  circular
economyimplementation. In addition, logistics and supply chainbarriers, which
were placed at the top level,were identifi ed as dependent variables withhigh
dependence power. The findings of this study will be beneficial for
stakeholders in the petrochemical supply chain in implementing a circular
economy based on Industry 5.0. They will support managers in making
moredecisive choices regarding the selection,implementation, and evaluation
of projectsthat employ sustainability and circulareconomy approaches in the
supply chain. Ultimately, the results of this study can serve as a foundation for
future empirical research aimed at supporting the effective implementation of a
circular economy and facilitating the transition from a linear to a circular
supply chain.
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Introduction

Resource scarcity, environmental risk increasing, human well-being, and social equity
challenges have led to the growing importance of sustainability. In the past, industries operated
based on a linear economy, which followed a one-way flow: the production process began with
the selection of raw materials, continued through manufacturing, and ended with the final
product, generating waste that had a negative impact on the environment. In contrast, the
circular economy (CE) follows a closed-loop system that maximizes resource utilization through
recycling, reuse, and recovery. The circular economy helps managers reduce waste, increase
efficiency, and protect the environment by minimizing pollution.

The CE concept emphasizes three main domains: sustainability, resilience, and human-
centricity. When environmental concerns are incorporated into supply chain operations, the
system is referred to as a circular supply chain. A circular supply chain can be defined as the
integration of environmental thinking into supply chain management, including product design,
material selection and sourcing, manufacturing processes, delivery of the final product to
consumers, and end-of-life management.

Adopting circular supply chain management requires a paradigm shift. It is estimated that the
benefits of the circular economy will reach approximately €1.8 trillion annually by 2030.
Although Industry 4.0 has acted as a catalyst in transitioning from a linear to a circular
economy, its machine-centered approach has often overlooked specific sustainability objectives.
Industry 5.0, however, focuses on combining advanced technologies with human values to
achieve sustainable development goals. The integration of the circular economy with Industry
5.0 can create synergistic sustainability across various industries. Nevertheless, implementing
the CE involves both drivers and barriers, a gap this study aims to address.

Accordingly, the objectives of this research are:

(a) To identify the main drivers and barriers to implementing the circular economy in the
petrochemical supply chain;

(b) To analyze and visualize the interrelationships among these drivers and barriers; and

(c) To propose practical strategies to overcome barriers and leverage drivers for CE
implementation in the petrochemical sector

Mothodology

This study is applied in nature and follows a descriptive and mixed-methods (qualitative—
quantitative) approach.

In the qualitative phase, experts’ opinions and experiences were gathered through interviews and
discussion sessions to identify key factors and their relationships. In the quantitative phase, the
interrelationship and reachability matrices were constructed based on the collected data, and
factor-leveling was performed using mathematical computations.

A four-step approach was employed to identify and analyze the drivers and barriers to circular
economy implementation in the petrochemical supply chain under the Industry 5.0 framework:

1. Identification Phase: Drivers and barriers were identified through a comprehensive literature
review and prior studies. This step ensured the relevance and completeness of variables aligned
with the study’s objectives. Expert interviews and focus groups were used to refine the list of
critical factors.

2. Validation Phase: Data were collected through expert interviews to validate the identified
factors. A pilot test of the first-round Delphi questionnaire was conducted with three experts,
and their feedback was incorporated to refine the questionnaire. The target population included
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academic researchers and senior managers in the petrochemical industry with relevant
experience. The snowball sampling technique was applied, and data collection continued until
theoretical saturation was achieved.

3. Structural Modeling Phase: A Structural Self-Interaction Matrix (SSIM) was developed to
define the type and direction of relationships. The matrix was then transformed into an initial
reachability matrix, levels were determined, and the final ISM model was drawn.

4. MICMAC Analysis Phase: Finally, a MICMAC cluster diagram was developed to display the
driving power and dependence of each factor. MICMAC analysis explores interactions among
variables and categorizes them into clusters represented in a graphical map.

Fingdings

A review of the literature and expert evaluations using the Delphi method led to the
identification and validation of the main drivers and barriers influencing circular economy
implementation in the petrochemical supply chain.

Drivers were grouped into three categories: technological, economic, and social.

Barriers were classified into four categories: design and engineering, technical, logistical and
supply chain, and economic.

After determining the interrelations and hierarchical levels, a schematic ISM model was
developed to visualize the structure of drivers and barriers. The Consistency Ratio (CR) of the
final reachability matrix was below 0.1 for all relationships, confirming the logical coherence of
the model.

Discussion and Conclusion

This study provides a comprehensive analysis of the drivers and barriers influencing the
implementation of the circular economy in the petrochemical industry and presents a framework
for better understanding the opportunities and challenges of this transition. Using Delphi, ISM,
and MICMAC methods, three main drivers and four key barriers were identified and categorized
into three hierarchical levels:

1. Technological and Economic Level: Key drivers such as chemical recycling, mechanical
recycling, and nanotechnology enhance efficiency and reduce costs. However, high
technological costs, infrastructure requirements, and financial constraints remain significant
challenges.

2. Social and Design/Engineering Level: Social support, consumer demand for recycled
products, and governmental policies act as enablers. Conversely, product redesign and process
optimization for recycling alignment demand advanced engineering expertise and substantial
resources.

3. Logistical and Supply Chain Level: Challenges in transportation, storage, material collection,
and supply chain transparency complicate CE implementation.

The MICMAC analysis grouped the identified factors into four clusters:

Autonomous: Low influence and dependence (e.g., social drivers, design and engineering
barriers).

Dependent: Highly dependent but weak drivers (e.g., logistical and supply chain barriers).
Linkage: Strongly influencing and dependent (e.g., economic and technical drivers/barriers).
Independent: High driving power with low dependence (e.g., technical barriers).

Overall, the findings suggest that focusing on low-level drivers and barriers (technical and
economic) can have the  most significant impact on facilitating circular economy
implementation within the petrochemical industry.
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! Sustainable Closed-Loop Supply Chain Management
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2 Matrix of Crossed Impact Multiplications Applied to a Classification
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