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Background and Obijectives: In today’s dynamic and competitive
environment, global consumption has accelerated dramatically due to
economic growth and the expansion of the middle class. This massive
consumption, coupled with shorter product life cycles and advanced
manufacturing technologies, has increased resource depletion and
environmental degradation. These challenges have encouraged organizations
to adopt sustainable supply chain strategies, among which reverse logistics
plays a pivotal role in recovering value from returned products, minimizing
waste, and supporting environmental goals. However, traditional reverse
logistics systems are no longer sufficient to meet the demands of modern,
technology-driven supply chains. The advent of Industry 4.0, incorporating
technologies such as the Internet of Things (loT), artificial intelligence (Al),
cyber-physical systems, and big data analytics, has created new opportunities
for redesigning and optimizing reverse logistics processes. This study aimed
to identify and analyze the factors influencing the development of reverse
supply chains within the context of Industry 4.0, focusing on the ceramic tile
industry in Iran—an environmentally sensitive and resource-intensive sector
with high potential for digital transformation.

Materials and Methods: The research was applied in purpose and
descriptive-survey in nature. Data were collected through both library research
and field studies. Expert opinions were gathered from 13 professionals and
senior managers with at least five years of experience in reverse logistics and
digital supply chain projects. Data analysis was conducted in two stages:

- The DEMATEL method was applied to examine the cause-and-effect
relationships and determine the degree of influence and dependence among
factors.
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-Interpretive Structural Modeling (ISM) was then used to structure and rank
these factors hierarchically, clarifying their interconnections and roles in
reverse supply chain development.

Results: The analysis identified 38 key factors influencing reverse logistics
implementation, categorized into nine dimensions: managerial, legal,
economic, technological, environmental, organizational, infrastructural,
human resource, and market-related factors. DEMATEL results indicated that
managerial, legal, and economic factors exert the strongest influence, while
environmental and organizational factors showed high dependence. The ISM
hierarchy revealed the multi-level structure of interactions among these
variables, highlighting management as the foundation for successful reverse
supply chain implementation. The findings emphasize that integrating Industry
4.0 technologies such as 10T, Al, and data analytics significantly enhances
operational efficiency, resource utilization, and environmental performance.

Conclusion: This study provides a structured framework for developing
efficient and sustainable reverse supply chains in the Industry 4.0 era.
Strengthening managerial leadership, improving regulatory frameworks, and
investing in digital technologies can accelerate the transformation of
traditional logistics systems into intelligent, sustainable networks. Effective
implementation of reverse supply chains enables organizations to reduce
waste, optimize resources, and achieve competitive and environmental
advantages. Ultimately, the integration of advanced technologies supports not
only economic performance but also the broader goals of sustainable
development and long-term industrial resilience.
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