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Abstract

This study aims to design and implement a precise and scientific model for selecting green suppliers by integrating multi-
objective mathematical programming and rough set theory in the Iran Khodro company. The research is applied—
developmental in purpose and descriptive—analytical in method. Data were collected from field and library studies, Iran
Khodro’s records, and three researcher-made questionnaires. The statistical population included managers and experts in
procurement and environmental affairs and 18 qualified suppliers. Based on the Morgan table, 66 respondents participated.
Content validity was confirmed (CVI=0.91) and reliability verified (Cronbach’s ¢>0.83). Data analysis employed t-tests,
confirmatory factor analysis, a hybrid multi-objective programming model, and rough set theory. Environmental indicator
weights were determined by rough sets, and the multi-objective model was transformed into a single-objective linear model
solved using WinQSB. Four main criteria—cost, quality, service level, and environmental performance—were found critical
in supplier selection. The calculated weights were 0.54, 0.12, 0.19, and 0.15 respectively. Out of 18 suppliers, 12 were
identified as optimal under capacity and demand constraints. The optimal model yielded a minimum cost of 15.885 billion
IRR, maximum service improvement of 2 days, and a defective rate of 2.65%. The top suppliers achieved an average
environmental score exceeding 4 points, reflecting alignment with sustainability principles. Integrating multi-objective
programming with rough set theory provides an effective, flexible approach for green supplier selection. The model
incorporates both quantitative and qualitative indicators under realistic constraints, enhancing multi-criteria decision-making
and improving environmental performance in supply chains. Application of this model in highly polluting industries such as
automotive, chemical, and petrochemical sectors can optimize resource allocation, reduce emissions, and strengthen
sustainability.
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Extended Abstract

Introduction

In recent years, global industries have been facing increasing pressure to adopt environmentally sustainable
practices throughout their supply chains, driven by growing environmental awareness, climate change
concerns, and stricter regulatory requirements (Tseng & Chiu, 2013). As organizations recognize their
environmental and social responsibilities, Green Supply Chain Management (GSCM) has emerged as a crucial
strategic approach to integrate sustainability into production, procurement, and distribution processes. The
concept emphasizes reducing environmental impact at every stage—from raw material acquisition to product
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recycling—by selecting suppliers that meet both economic and environmental performance standards (Kannan
et al., 2008).

The supplier selection process is especially critical because a substantial proportion of an organization’s
ecological footprint originates from its upstream supply chain activities. Thus, choosing appropriate green
suppliers is not merely a procurement decision but a strategic determinant of environmental and operational
performance (Akman, 2015). However, the challenge lies in balancing multiple conflicting objectives such as
cost efficiency, service level, product quality, and environmental responsibility. In complex decision-making
environments characterized by uncertainty, conventional single-criterion models are inadequate to address
these multidimensional considerations (Lo et al., 2018).

Over the last two decades, researchers have developed hybrid multi-criteria and multi-objective models to
tackle this challenge. The integration of fuzzy logic, analytic hierarchy process, and rough set theory has shown
great potential in improving supplier evaluation accuracy by managing vagueness and uncertainty in human
judgments (Alamroshan et al., 2022; Hailiang et al., 2023). As (Ebrahimi, 2024) points out, incorporating
advanced analytical methods enhances the precision and adaptability of GSCM decisions under uncertain
conditions. Furthermore, the increasing integration of technology, big data analytics, and artificial intelligence
has enabled industries to analyze supplier performance with greater accuracy and timeliness, promoting both
cost-effectiveness and ecological sustainability (Rashid et al., 2024).

In developing economies, such as Iran, the implementation of GSCM faces specific institutional, financial, and
infrastructural challenges. Despite a growing commitment to environmental responsibility, the automotive
sector still struggles to harmonize environmental objectives with economic realities (Zarei et al., 2025).
Nonetheless, the automotive industry offers one of the most promising platforms for implementing green
supplier strategies, as it accounts for significant energy consumption, waste generation, and carbon emissions
(Zhang, 2024). Therefore, developing a comprehensive and quantitative model for green supplier selection
within this sector can play a pivotal role in achieving sustainability targets.

Recent studies emphasize that transparency, collaboration, and information sharing among supply chain
partners can prevent greenwashing—the act of overstating environmental initiatives without substantive action
(Pizzetti et al., 2021). According to (Santos et al., 2024), integrating information-sharing mechanisms across
the supply chain moderates the negative impact of greenwashing and strengthens the overall sustainability
framework. Likewise, (Rezvani et al., 2021) observed that social capital and inter-organizational trust
significantly mediate the relationship between green practices and supplier performance.

In addition to these soft relational factors, decision models that quantitatively optimize the trade-offs among
multiple objectives have become essential tools in supplier evaluation. Multi-objective mathematical
programming (MOP) is one of the most powerful analytical approaches for achieving a balance between
economic and environmental objectives. However, traditional MOP assumes complete data certainty, which is
rarely achievable in real-world supplier evaluations. To overcome this limitation, rough set theory—a
mathematical approach to handle vagueness and incomplete data—has been successfully employed in several
recent studies to assign weights to qualitative criteria without the need for additional information (Haghighat
Monfared & Karimi, 2024).

Combining MOP with rough set theory can therefore enhance decision-making robustness, particularly in
complex industrial contexts where both numerical precision and qualitative assessment are required. This
hybrid approach enables the model to process linguistic and uncertain evaluations while preserving analytical
rigor (Alamroshan et al., 2022). As emphasized by (Hailiang et al., 2023) and (Rachid et al., 2024),
integrating agility, resilience, and green dimensions into supply chain decision models creates a holistic system
that ensures environmental performance without compromising competitiveness.
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Accordingly, this study contributes to the growing body of GSCM literature by developing and applying a
hybrid multi-objective programming and rough set model for selecting green suppliers in the Iranian
automotive industry. The model considers multiple quantitative and qualitative factors—including cost,
quality, service level, and environmental performance—and provides a decision-making framework capable
of operating under uncertainty.

The aim of this study is to design and validate a hybrid mathematical model based on multi-objective
programming and rough set theory for the optimal selection of green suppliers in Iran Khodro Company.
Methods and Materials

This research adopted an applied—developmental approach with a descriptive—analytical design. Data were
collected through a combination of fieldwork, document review, and structured questionnaires administered
to procurement and environmental management experts at Iran Khodro and its suppliers. The statistical
population comprised managers and specialists involved in green procurement and environmental operations
across 18 major suppliers. Based on the Morgan table, a sample of 66 respondents was selected.

Three researcher-designed questionnaires were developed to assess economic, service, quality, and
environmental criteria. Content validity was confirmed by experts using the Content Validity Index (CVI =
0.91), and reliability was ensured through Cronbach’s alpha coefficients exceeding 0.83.

In the analytical stage, the study employed a hybrid decision-making model that combined multi-objective
mathematical programming (to optimize cost, service, and defect rate objectives) with rough set theory (to
determine the weights of qualitative environmental indicators). The multi-objective model was converted into
a single-objective linear form using the WinQSB software for optimization. Data were then analyzed through
confirmatory factor analysis and statistical testing to confirm the consistency and significance of identified
factors.

Findings

The model results demonstrated that four key dimensions—cost, quality, service level, and environmental
performance—significantly influenced the supplier selection process. The relative importance of these criteria,
obtained through rough set analysis, were as follows: cost (0.54), quality (0.12), service level (0.19), and
environmental performance (0.15).

From the 18 suppliers analyzed, 12 achieved optimal scores that satisfied all operational and environmental
constraints. The optimized results showed that the minimum total procurement cost was approximately 15.885
billion IRR, while the maximum service improvement achieved was two days faster delivery compared to the
baseline. Furthermore, the average defect rate across selected suppliers decreased to 2.65%, indicating a
considerable enhancement in product quality and process efficiency.

The study also found that suppliers investing in clean technologies and energy-efficient production systems
obtained significantly higher environmental scores. Their average environmental performance exceeded 4.0
on a 5-point scale, reflecting strong alignment with the company’s sustainability goals. Conversely, suppliers
with limited technological innovation or inadequate waste management practices scored substantially lower.
Additionally, a positive correlation was observed between service level and environmental performance,
suggesting that environmentally responsible suppliers often maintain more efficient logistics and better
customer responsiveness. This highlights the potential of GSCM not only to reduce environmental impact but
also to enhance operational agility.

Overall, the hybrid model effectively balanced economic and ecological objectives, outperforming traditional
single-objective or purely qualitative models in terms of precision, reliability, and applicability to real-world
conditions.

Discussion and Conclusion
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The findings of this study reveal that the hybrid multi-objective programming and rough set model provides a
reliable, flexible, and scientifically grounded framework for green supplier selection in complex industrial
environments. By integrating quantitative optimization with uncertainty management, the model bridges the
gap between theoretical sustainability objectives and practical decision-making challenges.

The dominance of the cost criterion in the final weight distribution underscores the economic constraints under
which most industrial firms—particularly in developing economies—operate. Nevertheless, the significant
weighting of environmental performance (15%) indicates a notable shift toward sustainability-conscious
procurement. This confirms a growing awareness among Iranian automotive manufacturers of the strategic
importance of green operations as both an ethical obligation and a source of long-term competitive advantage.
The results also affirm that suppliers with higher levels of technological innovation and proactive
environmental policies achieve superior overall performance. These findings reinforce the argument that green
technology adoption can simultaneously improve quality, reduce defect rates, and enhance brand reputation.
The correlation between service level and environmental performance further highlights that operational
efficiency and ecological responsibility are not conflicting but complementary objectives.

Moreover, the model demonstrates that employing rough set theory enables decision-makers to deal effectively
with incomplete and subjective information, a common challenge in developing countries where data accuracy
is limited. The ability to transform vague expert opinions into measurable inputs allows managers to make
informed and transparent decisions. This aligns with the broader trend of data-driven sustainability
management, where advanced analytics and decision-support systems are increasingly integrated into
corporate governance.

From a policy perspective, the study’s results emphasize the need for institutional support mechanisms—such
as green financing incentives, tax reductions, and regulatory frameworks—to accelerate the adoption of GSCM
practices. Encouraging collaboration and transparency across the supply chain can reduce the risk of
greenwashing and strengthen environmental accountability.

The hybrid model developed in this research not only identifies optimal green suppliers but also provides a
scalable decision-making tool that can be adapted to other sectors, including petrochemical, food, and
pharmaceutical industries. Its adaptability to uncertainty makes it particularly valuable for dynamic markets
undergoing technological transitions.

In conclusion, the study contributes both theoretically and practically to the field of sustainable supply chain
management by offering a robust, integrative model that captures the multidimensional nature of supplier
evaluation. It demonstrates that sustainability and profitability can coexist through scientific modeling, data-
driven analysis, and strategic collaboration.

Ultimately, by applying this hybrid multi-objective and rough set approach, industrial organizations can
enhance their competitive edge, fulfill environmental responsibilities, and contribute meaningfully to the
broader agenda of sustainable development.
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