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CrossMark

This study was conducted with the aim of identifying and prioritizing the factors
affecting the adoption of sustainable and resilient supply chains in Iranian small and
medium-sized enterprises (SMEs). Given the critical role of these enterprises in
employment and national production, as well as their high vulnerability to economic
and institutional crises, the need to design an indigenous framework for enhancing
sustainability and resilience is clearly evident. Accordingly, through a systematic
review of domestic and international literature, thirteen key factors were initially
identified, which, after refinement, were classified into six sustainability factors and
three resilience factors. Subsequently, to validate and weight the factors, the fuzzy
Delphi method was used for criteria screening, and the fuzzy Best-Worst Method was
applied to calculate the final weights. The findings indicated that resilience is more
important than sustainability in Iranian SMEs, and among the factors, strengthening
resilience against crises, diversity and flexibility in the supply chain, and transparency
and information sharing ranked highest. These results reflect Iran’s high-risk and
unstable economic environment, in which enterprise survival and rapid recovery take
precedence over environmental and economic considerations. From an applied
perspective, policymakers and managers should facilitate the transition of enterprises
toward resilient and sustainable supply chains by developing collaborative networks,
implementing digital transparency-enhancing systems, supporting green technologies,
and creating financial and technological incentives.

Keywords: sustainable supply chain, supply chain resilience, small and medium-sized
enterprises, fuzzy Delphi method, fuzzy Best-Worst Method.
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Extended Abstract
Introduction

Supply chains have become central mechanisms through which firms create value, coordinate
resources, respond to market volatility, and sustain competitive performance. In recent years, however,
global supply chains have been exposed to intensified environmental, economic, technological, and
geopolitical disruptions, including climate change, resource scarcity, market instability, pandemic-related
interruptions, sanctions, inflationary pressures, and logistics breakdowns. These conditions have shifted
scholarly and managerial attention from efficiency-oriented supply chain management toward integrated
models that simultaneously emphasize sustainability and resilience. Sustainable supply chain management
refers to the integration of economic, environmental, and social considerations into procurement,
production, logistics, distribution, and stakeholder relationships, so that firms can reduce negative
environmental impacts, improve social responsibility, and maintain long-term economic viability (Li &
Liu, 2023; Soni et al., 2022; Sun et al., 2022). Resilient supply chain management, in contrast, focuses on
the capacity of the supply chain to anticipate, absorb, adapt to, and recover from disruptions while
maintaining continuity of operations (Faggioni et al., 2024; Tukamuhabwa et al., 2015). Although these
two concepts have often been examined separately, recent literature increasingly argues that sustainability
and resilience are interdependent: sustainable practices can reduce vulnerability by improving resource
efficiency and stakeholder legitimacy, while resilience capabilities can protect sustainability objectives
under conditions of crisis and uncertainty (Negri et al., 2021; Warmbier et al., 2022).

The significance of this integrated perspective is particularly evident in small and medium-sized
enterprises (SMEs). SMEs constitute a major share of business activity, employment, and industrial
production in both developed and developing economies. According to the World Bank, SMEs account
for nearly 90% of businesses and approximately 50% of employment worldwide (World Bank, 2020a,
2020b). In Iran, SMEs also represent a substantial proportion of industrial units and play a critical role in
employment generation, production, innovation, and regional economic development. Nevertheless, these
enterprises are especially vulnerable to supply chain disruptions because they often operate with limited
financial reserves, weak bargaining power, insufficient access to advanced technologies, fragile supplier
networks, and restricted managerial capabilities. Prior studies have shown that SMEs face serious barriers
in adopting sustainable and resilient supply chain practices, including financial constraints, lack of
technical knowledge, inadequate digital infrastructure, weak government support, and the dominance of
short-term survival priorities over long-term strategic investments (Carissimi et al., 2024; Gongalves et
al., 2024; Setyaningsih et al., 2024). These challenges are more pronounced in developing economies,
where institutional instability, inflation, banking restrictions, and policy uncertainty further complicate
managerial decision-making (Jalali et al., 2022).

Despite the growing body of research on sustainable and resilient supply chains, several gaps
remain. Much of the existing literature has focused on large firms, developed economies, or specific
industrial sectors, whereas SMEs in developing countries have received comparatively limited attention
(Joshi & Sharma, 2022; Mishra & Singh, 2023). Moreover, many studies have examined either
sustainability or resilience in isolation, rather than analyzing the joint adoption of sustainable and resilient
supply chain practices. Some empirical studies have highlighted the role of resilience in improving SME
performance and reducing vulnerability in developing economies (Alshahrani & Salam, 2022; Kanyepe
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et al., 2025), while other studies have emphasized the need for context-specific and resource-sensitive
frameworks that reflect the operational limitations of SMEs (Cérdova-Aguirre & Ramon-Jeronimo, 2024;
Kosasih et al., 2023). However, limited research has provided a localized, expert-based, multi-criteria
decision-making model for identifying, validating, and prioritizing the factors that influence the adoption
of sustainable and resilient supply chains among Iranian SMEs. Therefore, the present study was designed
to identify, evaluate, and prioritize the factors affecting the adoption of sustainable and resilient supply
chains in Iranian SMEs by applying fuzzy Delphi and fuzzy Best-Worst Method approaches under
conditions of uncertainty.

Methods and Materials

This study was analytical-applied in terms of purpose and descriptive-survey in terms of data
collection. The research process was conducted in two main phases. In the first phase, a systematic review
of domestic and international literature was carried out to extract the preliminary factors affecting the
adoption of sustainable and resilient supply chains in SMEs. Based on this review, thirteen initial factors
were identified and classified into sustainability-related and resilience-related dimensions. These factors
covered economic, environmental, social, technological, infrastructural, financial, informational, and
crisis-response aspects of supply chain adoption.

In the second phase, expert judgment was used to validate and prioritize the identified factors. The
sample was selected through purposive and judgmental sampling. Thirteen experts in supply chain
management, industrial management, logistics, sustainability, production planning, quality control,
procurement, and SME operations participated in the fuzzy Delphi phase. All experts had at least five
years of professional experience and a minimum bachelor’s degree. The expert panel included three
participants with doctoral degrees, four with master’s degrees, and six with bachelor’s degrees. In terms
of gender composition, the group consisted of eight men and five women.

The fuzzy Delphi method was used to screen and validate the initial criteria. Experts evaluated the
importance of each factor using linguistic variables based on a five-point scale, which were then converted
into triangular fuzzy numbers. After aggregation and defuzzification, a threshold value of 0.70 was applied
to determine whether each factor should be retained in the final model. The Delphi process was completed
after two rounds because the difference between the defuzzified values of expert judgments was less than
0.10, indicating convergence and expert consensus.

After the screening phase, the fuzzy Best-Worst Method was applied to calculate the relative
weights and final rankings of the confirmed factors. For this stage, three highly consistent experts with
doctoral-level expertise, extensive managerial experience, and familiarity with multi-criteria decision-
making methods were selected from the broader expert panel. They identified the best and worst criteria
and then compared the remaining criteria with these reference criteria using fuzzy linguistic judgments.
Nine mathematical models were formulated for the main dimensions and sub-criteria and solved using
LINGO 18.0. The weights obtained from individual experts were then aggregated using the geometric
mean to determine the final weight of each factor.

Findings

The fuzzy Delphi analysis initially assessed thirteen factors derived from the literature review.
After two rounds of expert evaluation and application of the 0.70 threshold, nine factors were retained as
final criteria, while four factors were removed from the model. The rejected factors were cost productivity



and efficiency, with a crisp value of 0.685; green purchasing and reduction of environmental impacts,
with a crisp value of 0.679; collaboration and networking among suppliers, with a crisp value of 0.652;
and innovative sourcing strategies for resilience, with a crisp value of 0.645. These values were below the
required acceptance threshold and therefore were not included in the final fuzzy BWM analysis.

The retained sustainability-related factors were cost-effective and innovative sourcing strategies,
optimization of energy use and renewable resources, strong relationships with stakeholders and customers,
lack of awareness regarding sustainability and resilience, insufficient access to financial resources, and
shortage of resources and infrastructure. The retained resilience-related factors were strengthening
resilience against crises, diversity and flexibility in the supply chain, and transparency and information
sharing in the supply chain.

The fuzzy Best-Worst Method showed that the resilience dimension had greater importance than
the sustainability dimension in the adoption of sustainable and resilient supply chains among Iranian
SMEs. The final dimension weight for sustainability was 0.408, while the inferred final dimension weight
for resilience was 0.592. This result indicates that, in the Iranian SME context, experts gave greater priority
to survival, continuity, rapid recovery, and adaptive capacity than to long-term sustainability-oriented
improvements alone.

At the factor level, strengthening resilience against crises ranked first, with a final weight of 0.265.
Diversity and flexibility in the supply chain ranked second, with a final weight of 0.195. Transparency
and information sharing in the supply chain ranked third, with a final weight of 0.132. These three highest-
ranked factors all belonged to the resilience dimension, confirming the dominant role of crisis-response
capabilities in the Iranian SME environment. Among sustainability factors, optimization of energy use
and renewable resources ranked fourth, with a final weight of 0.107, followed by cost-effective and
innovative sourcing strategies in fifth place, with a final weight of 0.101. Strong relationships with
stakeholders and customers ranked sixth, with a final weight of 0.088. The lower-ranked factors were
shortage of resources and infrastructure, with a weight of 0.049; insufficient access to financial resources,
with a weight of 0.034; and lack of awareness regarding sustainability and resilience, with a weight of
0.029.

Discussion and Conclusion

The findings indicate that the adoption of sustainable and resilient supply chains in Iranian SMES
is primarily driven by resilience-oriented priorities. In a high-risk and unstable business environment,
SMEs appear to prioritize crisis survival, continuity of operations, and rapid recovery over broader
sustainability objectives. This does not mean that sustainability is irrelevant; rather, it suggests that
sustainability practices become operationally feasible only when firms first achieve a minimum level of
resilience. In contexts characterized by market volatility, financial constraints, institutional uncertainty,
and supply disruption, managers are more likely to invest in capabilities that immediately protect business
continuity.

The ranking of strengthening resilience against crises as the most important factor shows that
Iranian SMEs require systems and strategies that enable them to anticipate disruptions, respond quickly,
and restore operations with minimum loss. This includes scenario-based planning, risk monitoring,
emergency procurement procedures, safety stock management, supplier contingency planning, and
flexible operational routines. The second-ranked factor, diversity and flexibility in the supply chain,
further confirms that dependence on a limited number of suppliers or rigid procurement channels increases
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vulnerability. SMEs need access to multiple suppliers, alternative logistics routes, flexible contracts, and
local or regional sourcing options to reduce exposure to sudden shocks.

The third-ranked factor, transparency and information sharing, highlights the importance of
reliable, timely, and accurate data exchange across the supply chain. Without information visibility, SMEs
cannot forecast disruptions, coordinate with suppliers and customers, or respond effectively to unexpected
changes. Digital systems, integrated enterprise platforms, supplier databases, and transparent
communication mechanisms can substantially improve the responsiveness and reliability of supply chain
decisions.

The sustainability-related results show that energy optimization, renewable resources, and
innovative sourcing remain important but are secondary to resilience factors. This pattern reflects the
practical constraints of SMEs in Iran, where firms may recognize the importance of environmental and
economic sustainability but lack the resources, infrastructure, or policy support required for full
implementation. The lower weight assigned to lack of awareness, financial limitations, and infrastructure
shortages does not imply that these barriers are insignificant. Rather, it suggests that experts viewed them
more as enabling or constraining conditions than as direct strategic priorities in the adoption model.

Overall, this study provides a localized decision-making framework for understanding the
adoption of sustainable and resilient supply chains in Iranian SMEs. The results suggest that policy
interventions should not treat sustainability and resilience as separate agendas. Instead, resilience should
be used as an entry point for promoting sustainable supply chain transformation. Policymakers should
support SMEs through financial incentives, digital infrastructure, supplier development programs, green
technology support, and collaborative platforms that reduce risk and improve resource access. Managers
should also develop multi-layered supplier networks, invest in information-sharing systems, strengthen
crisis-management routines, and gradually integrate energy-efficient and environmentally responsible
practices into supply chain operations. The combined implementation of these strategies can help Iranian
SMEs move toward supply chains that are not only more resistant to crisis but also more sustainable,
adaptive, and competitive in the long term.
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