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1) INTRODUCTION

In recent decades, the increasing environmental concerns, rapid technological advancements, and rising
customer expectations have forced supply chains to adopt integrated and sustainable strategies. The
conventional linear supply chain models, characterized by take-make-dispose patterns, have become
insufficient in addressing modern challenges such as waste reduction, product lifecycle extension, and
resilience to disruptions. This has led to the emergence of the Product-Service System (PSS), a model
that combines products and services into a single value proposition aimed at satisfying customer needs
while promoting sustainability. In parallel, the CLARS paradigm—standing for Circular, Lean, Agile,
Resilient, and Sustainable supply chain strategies—has gained attention as a holistic framework to
address the multifaceted challenges of modern supply chains. Integrating CLARS strategies with PSS is
particularly crucial in the electronics and appliances sector in Iran, where the industry faces pressure
from environmental regulations, supply disruptions, economic sanctions, and the need for innovation in
business models. This study aims to model the supply chain of the CLARS-based PSS specifically for
home and industrial electronics in Iran. Using a combination of meta-synthesis, fuzzy Delphi, and fuzzy
cognitive mapping (FCM), this research identifies key enablers, barriers, and strategic priorities for
implementing such a system in a developing economy context.

2) Methodology

The research methodology is divided into three main phases: qualitative synthesis, expert validation,
and system modeling. In the first phase, a meta-synthesis approach was employed to extract conceptual
categories from over 60 scientific papers and industry reports related to CLARS strategies and PSS
implementation. This qualitative synthesis enabled the construction of an initial conceptual framework.
In the second phase, a Fuzzy Delphi Method (FDM) was used to validate and refine the proposed
components and relationships within the framework. A panel of 15 experts including supply chain
managers, sustainability consultants, and academic researchers were engaged to provide fuzzy ratings
on the importance and feasibility of each factor. In the third phase, the validated components were
structured into a Fuzzy Cognitive Map (FCM) to model the causal relationships among the critical
factors influencing the CLARS-PSS supply chain. The FCM approach allowed for a visual and
guantitative analysis of the dynamic interactions within the system. The weights of connections between
nodes were determined based on expert input and were processed using fuzzy logic to accommodate
uncertainty.

3) Discussion

The present study sought to model the supply chain of product-service systems (PSS) in Iran’s home
and industrial electronics sectors by integrating the principles of Circularity, Leanness, Agility,
Resilience, and Sustainability (CLARS). Employing a meta-synthesis approach, Delphi-fuzzy
methodology, and fuzzy cognitive mapping (FCM), this research contributes to the limited but growing
literature on integrated supply chain strategies tailored to emerging economies with specific sectoral
constraints and opportunities. The results revealed that while environmental sustainability and resilience
received high weightings across expert evaluations, lean and agile strategies also played a pivotal role
in responding to rapidly shifting consumer demands and economic fluctuations in the Iranian context.
Similar to findings from Pashaki & Zandieh (2023), the emphasis on agility and resilience reflects the
uncertainty and volatility in domestic supply and international trade conditions, particularly in post-
sanction scenarios. The system dynamics embedded in the FCM analysis further indicated strong
interdependencies between green design, lifecycle extension strategies, and reverse logistics. This is in
line with Ghadimi et al. (2020), who emphasized the importance of integrated life cycle considerations
in sustainable supply chain designs for complex products like electronics. Moreover, as in the work of
Ardakani et al. (2015), the integration of fuzzy logic enabled the modeling of linguistic uncertainty,
which is crucial in environments where qualitative judgments dominate strategic planning. It was also
observed that while circular strategies such as reuse, remanufacturing, and recycling are recognized as
priorities, their operationalization remains limited due to infrastructural and technological gaps. This
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gap between strategic intent and execution was similarly highlighted by Adeli & Sazvar (2021) in the
context of product recovery in Iran. The Delphi results emphasized the need for greater inter-
organizational collaboration, digital transformation, and consumer awareness to fully realize circular
objectives. Comparative analysis with global literature suggests that CLARS-based models are
adaptable but must be locally contextualized. For example, in contrast to countries with stable regulatory
support for green transitions, Iranian firms often rely on internal capabilities and informal networks to
implement lean or circular practices. This aligns with the findings of Govindan et al. (2015), where
context-sensitive implementation of sustainable supply chain strategies is key to effectiveness.

4) Conclusion
This study developed a hybrid model for designing a CLARS-based supply chain of product-service
systems in Iran’s electronics sector using meta-synthesis, Delphi-fuzzy, and fuzzy cognitive mapping
techniques. The proposed framework offers a comprehensive and adaptable decision-support tool for
policymakers and managers aiming to align operational practices with circular economy and sustainable
development goals.

Key contributions include:

o Identification of critical enablers and inhibitors across the five CLARS dimensions.

e Application of integrated fuzzy methods to handle expert uncertainty and model complex
relationships.

o A context-aware roadmap for implementing CLARS strategies in Iran’s industrial landscape.

While the research adds theoretical and practical value, it is not without limitations. The reliance
on expert judgment, although mitigated by fuzzy methods, may still entail bias. Additionally, the lack
of real-time operational data restricts dynamic validation of the model. Future research should expand
the model to include multi-objective optimization and real-time decision-support capabilities. Moreover,
applying the model in other sectors (e.g., automotive, textiles) or comparative international settings
could further validate and refine the CLARS integration framework.
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