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Abstract:

This study aims to analyze and prioritize the indicators of sustainable economic development in the supply chain of Iranian manufacturing
industries using the fuzzy Best-Worst Method (BWM). This applied and descriptive—analytical research involved experts from academia and
industry in the fields of industrial management and supply chain. Forty-one economic indicators of sustainable development were identified
through literature review. Data were collected via a fuzzy survey and normalized through defuzzification. The final weights were obtained
using the BWM model in Lingo software, and the inconsistency rate was calculated to ensure data reliability. Results showed that indicators
such as production rate (W1), demand (W25), and the percentage of need for a green production system (W30) had the highest weights,
indicating their crucial role in achieving economic sustainability in the supply chain. Conversely, indicators such as production start-up cost
(W4) and maintenance cost per product unit (W11) had the lowest weights. The inconsistency rate was 0.0619, confirming the model’s high
validity and reliability. By providing a localized and quantitative model for prioritizing economic sustainability components, this study offers
a practical framework for managers and policymakers to enhance strategic decision-making focused on productivity, demand management,
and green production technologies. The proposed model can serve as a foundation for future research and sustainable decision frameworks
in various industrial sectors.
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Extended Summary

Introduction

Sustainable Supply Chain Management (SSCM) has emerged as a cornerstone concept in the global pursuit of economic
development that balances profitability, environmental protection, and social equity (Stefan et al., 2024; Wang et al., 2023).
The increasing awareness of environmental degradation, resource depletion, and global climate challenges has urged industries
to transition toward sustainability-oriented supply chain models (Allen et al., 2021; Dabbous & Tarhini, 2021). In this context,
SSCM not only encompasses the traditional flow of materials and information but also integrates organizational responsibility,
green innovation, and resilience into the production and distribution systems (Agnusdei & Coluccia, 2022; Wren, 2022).

Across developing and developed economies alike, the paradigm shift toward SSCM represents an essential response to
pressures from regulatory frameworks, market competition, and stakeholder expectations (Centobelli et al., 2021; Samper et
al., 2022). The literature emphasizes that sustainable supply chains are critical enablers of long-term competitiveness because
they enhance efficiency, reduce waste, and build stakeholder trust (Fontoura & Coelho, 2022; Fritz, 2022). As digital
transformation accelerates through Industry 4.0, technologies such as the Internet of Things (IoT), artificial intelligence (Al),

and blockchain are redefining how firms integrate sustainability into supply chain networks (Roknoddini et al., 2023; Tetiana
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et al,, 2023). These technologies promote transparency, traceability, and real-time decision-making, thereby reinforcing
sustainable performance.

While global studies have shown that sustainability adoption positively affects firm performance (Ansary Asha et al., 2023;
Wang et al., 2023), the degree of implementation varies widely across regions. In developing contexts such as Iran, industries
face unique barriers including limited access to advanced technologies, insufficient institutional support, and inadequate
sustainability assessment frameworks (Rahimi et al., 2020; Ravansh, 2021). In such environments, achieving economic
sustainability—the ability to maintain profitability, resource efficiency, and market competitiveness over time—is both a
strategic and operational challenge (Sadeghi, 2020; Shojaei & Amir, 2020).

Economic sustainability serves as the financial foundation of SSCM by ensuring that long-term organizational objectives
remain viable while environmental and social goals are pursued (Afshari, 2021; Timouri, 2021). Without economic balance,
sustainable systems risk collapse, as environmental and social measures require consistent investment and innovation (Allen et
al., 2021; Dabbous & Tarhini, 2021). Therefore, identifying and prioritizing economic indicators within SSCM is vital for
industries seeking to design effective sustainability strategies.

Recent studies suggest that the application of Multi-Criteria Decision-Making (MCDM) methods, such as the Best—Worst
Method (BWM), can help organizations systematically evaluate and prioritize sustainability indicators (Rezaei & Rajabzadeh,
2022; Sadatian Moghaddam et al., 2024). Compared to other MCDM approaches, BWM reduces inconsistency in pairwise
comparisons and increases decision precision, making it suitable for complex managerial environments with multiple
interdependent criteria (Tathavadekar, 2025; Vaziri et al., 2024). International research has also highlighted that the most
influential economic sustainability indicators often relate to production efficiency, demand forecasting, and the adoption of
green manufacturing technologies (Shuhui & Chen, 2024; Slavinskaité et al., 2025; Zhou & Masi, 2025).

In Iran’s manufacturing sector, where economic constraints and global trade pressures coexist, assessing and ranking these
indicators can provide actionable insights for managers and policymakers. Despite growing awareness, local industries still
rely heavily on traditional, cost-focused supply chain practices that neglect long-term sustainability impacts (Khaboushani &
Soltani, 2020; Mehrkian et al., 2022). Hence, developing a robust, data-driven framework for evaluating economic
sustainability within supply chains is critical.

The present study aims to fill this gap by identifying, analyzing, and prioritizing economic sustainability indicators in Iran’s
manufacturing supply chains using the fuzzy BWM approach. Through expert input and quantitative analysis, this study
provides a localized decision-making model that supports sustainable policy formulation and industrial strategy design
(Bahramian et al., 2023; Martina et al., 2023; Roknoddini et al., 2023).

Methods and Materials

This research employed an applied, descriptive—analytical design to evaluate economic sustainability components in Iran’s
manufacturing supply chains. The population consisted of academic and industrial experts with specialized knowledge in
supply chain management, sustainability, and production systems. Participants were selected through purposive sampling to
ensure representation from multiple industrial domains.

A total of 41 economic indicators of SSCM were initially identified through a comprehensive literature review and refined
via expert validation. The data collection instrument consisted of a fuzzy-based questionnaire designed to capture expert

judgments regarding the relative importance of each indicator.
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The Best-Worst Method (BWM) was utilized for weighting and prioritization of indicators. The fuzzy BWM process
involved four key steps: (1) identifying the most and least important criteria, (2) establishing pairwise comparisons, (3)
computing fuzzy preference values, and (4) calculating final weights through optimization using Lingo software. The
consistency ratio was computed to evaluate the reliability of expert responses, with values below 0.1 indicating high decision
validity.

Findings

The analytical results revealed that three indicators—production rate (W1), demand (W25), and percentage of need for a
green production system (W30)—obtained the highest priority weights among all economic sustainability criteria. These
variables demonstrated the most substantial influence on sustainable economic performance across Iran’s manufacturing
industries.

Conversely, production start-up cost (W4) and maintenance cost per product unit (W11) received the lowest weights,
indicating limited relevance to long-term economic sustainability objectives. The computed inconsistency ratio of 0.0619
confirmed the internal coherence and stability of the expert evaluations within the fuzzy BWM model.

Further analysis indicated that production rate is a critical determinant of efficiency and resource optimization in sustainable
manufacturing. Managing production rates strategically allows firms to balance supply and demand, minimize waste, and
enhance capacity utilization. Similarly, demand emerged as a key driver of sustainable decision-making, underscoring the
importance of data-driven forecasting and market responsiveness in maintaining profitability and reducing inventory-related
losses.

The high weight assigned to the need for a green production system highlights the growing recognition among Iranian
industrial experts that adopting environmentally conscious production technologies directly enhances long-term economic
stability. These findings underscore a transition from traditional cost-minimization approaches toward performance-oriented
strategies that integrate environmental responsibility with profitability.

The indicators with lower weights, such as start-up and maintenance costs, suggest that short-term financial considerations
are no longer sufficient to evaluate sustainability success. Instead, long-term efficiency, innovation, and technological
adaptation are viewed as stronger determinants of sustainable economic performance.

Discussion and Conclusion

The study’s findings reinforce the idea that economic sustainability within supply chain management extends beyond cost
reduction to encompass productivity enhancement, technological innovation, and adaptive market strategies. The prominence
of production rate as the highest-weighted indicator aligns with prior global research emphasizing efficiency and throughput
as foundations of sustainable manufacturing (Roknoddini et al., 2023; Samper et al., 2022). Efficient production not only
reduces energy consumption and operational waste but also strengthens competitiveness by enabling flexible responses to
dynamic market conditions.

The second-ranked indicator, demand, highlights the centrality of market intelligence and predictive analytics in SSCM.
Consistent with the results of (Ansary Asha et al., 2023) and (Vaziri et al., 2024), firms that synchronize supply chain activities
with real-time demand data achieve greater operational agility and customer satisfaction. This suggests that digitalization and
demand-driven planning systems are pivotal for developing resilient, sustainable supply networks.

The third key factor—the need for green production systems—demonstrates the strategic integration of environmental goals

with economic imperatives. In line with (Centobelli et al., 2021) and (Fontoura & Coelho, 2022), collaborative innovation in
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green technologies leads to improved energy efficiency, waste reduction, and long-term profitability. This convergence of
sustainability and economic performance validates the “triple bottom line” perspective, in which economic, environmental, and
social outcomes are mutually reinforcing.

The relatively low importance of start-up and maintenance costs reflects a shift in managerial thinking: sustainability is no
longer viewed as a short-term expense but as a long-term investment in competitiveness. The outcomes mirror the insights of
(Shojaei & Amir, 2020) and (Sadeghi, 2020), who argue that overemphasis on immediate cost savings can hinder innovation
and resilience in supply chain systems. Instead, enduring success relies on strategic investments in green infrastructure, process
optimization, and digital capability development.

From a methodological standpoint, the fuzzy BWM approach proved effective for prioritizing complex, interdependent
sustainability indicators. Consistent with (Rezaei & Rajabzadeh, 2022) and (Sadatian Moghaddam et al., 2024), the method’s
reduced inconsistency ratio demonstrates its suitability for sustainability evaluations involving qualitative judgments. This
analytical robustness enhances managerial confidence in the derived priorities and offers a replicable framework for future
studies in emerging economies.

The results also reveal a pattern consistent with international sustainability models. Studies by (Shuhui & Chen, 2024),
(Slavinskaite et al., 2025), and (Zhou & Masi, 2025) confirm that indicators associated with production efficiency, market
adaptability, and eco-innovation are global drivers of sustainable economic growth. Hence, Iran’s manufacturing sector—
despite facing institutional and financial constraints—exhibits alignment with global sustainability trajectories, demonstrating
potential for competitive integration into international supply chains.

In conclusion, this study provides a comprehensive evaluation of economic sustainability indicators within Iran’s
manufacturing supply chains and identifies production rate, demand, and green production systems as the most critical drivers
of long-term stability. The findings suggest that sustainable economic development requires a paradigm shift from short-term
financial efficiency toward strategic adaptability and innovation. The fuzzy BWM model offers a robust analytical framework
for prioritizing sustainability indicators and guiding data-informed decision-making.

By localizing global sustainability principles, this research contributes to both theory and practice. For policymakers, it
underscores the necessity of supporting technological transformation, incentivizing green investments, and integrating
sustainability into industrial development agendas. For practitioners, it highlights the value of aligning operational performance
with strategic sustainability goals. Ultimately, achieving sustainable economic development in supply chains depends on
balancing efficiency, innovation, and environmental consciousness—ensuring resilience and prosperity in a rapidly evolving

industrial landscape.
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