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Purpose: In today's globally competitive landscape, sustainability has evolved
from a mere ethical choice to a strategic imperative for organizations,
particularly within the food industry. The dairy sector, due to the inherent
perishability of its products, high water and energy consumption, and
significant environmental and social footprints, represents a critical segment of
the food supply chain. However, the transition towards sustainable production
in the dairy industry is fraught with numerous barriers that are often multi-
dimensional, systemic, and deeply interconnected, rendering isolated
operational fixes ineffective. A comprehensive review of the existing literature
reveals a significant research gap, particularly in the context of Iran's dairy
industry, concerning a holistic investigation of these barriers through the lens
of the value chain. Prior studies have predominantly focused on upstream
supply chain issues or specific operational inefficiencies, neglecting the
intricate interplay of activities within the organization that constitute the value
chain. Consequently, this study aims to bridge this gap by designing a strategic
decision-making framework to identify, prioritize, and analyze the barriers to
sustainable production across the entire value chain of the Iranian dairy
industry, with a specific geographical focus on the northern dairy hub of
Mazandaran province.

Methodology: This research is applied in nature and employs a descriptive-
survey methodology with an exploratory approach. The statistical population
comprises industry experts, including senior managers, production and supply
chain specialists from major dairy companies in Mazandaran province, and
academic professors specializing in production management and strategic
management. Non-probability snowball sampling was utilized to identify and
recruit experts meeting specific inclusion criteria (minimum of 10 years of
relevant industry experience or a Ph.D. in a related field), ultimately resulting
in a panel of 30 experts. Data collection was conducted in three distinct phases.
Initially, a comprehensive literature review and semi-structured interviews
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with the expert panel were employed to compile an initial list of 30 sustainable
production barriers. Subsequently, the Fuzzy Delphi Method (FDM) was
applied to screen and validate these barriers, employing triangular fuzzy
numbers and a five-point Likert scale. Barriers with a defuzzified average score
below 0.70 were eliminated. The second phase involved the Analytical
Hierarchy Process (AHP) to determine the relative importance weights of the
identified main criteria. Experts performed pairwise comparisons, and the
consistency ratio (CR) for all matrices was calculated to be less than 0.1,
confirming the reliability of the judgments. Finally, the Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) was applied to evaluate
and rank five major dairy companies based on their performance in addressing
the prioritized barriers.

Findings: The FDM results confirmed 28 out of the 30 initial barriers, which
were subsequently categorized into 7 main criteria: Economic Barriers,
Strategic Issues, Organizational Barriers, Behavioral Barriers, Technological
Barriers, Environmental Barriers, and Social Barriers. The AHP weighting
results revealed that Economic Barriers (weight = 0.167) were deemed the
most significant impediment, closely followed by Strategic Issues (0.163).
Organizational and Behavioral Barriers jointly occupied the third and fourth
ranks (each with a weight of 0.141), while Social Barriers (0.129) were
identified as the least critical from the experts' perspective. The TOPSIS
ranking indicated a paradoxical result: Company C1 (CL = 0.865)
demonstrated the best performance, while larger, more established companies
(e.g., C3 with CL = 0.162) lagged behind. This suggests that increased
organizational scale and value chain complexity introduce additional
managerial challenges. Furthermore, a critical finding is the strong
interdependency among the barriers. For instance, the lack of automation (a
technological barrier) was found to exacerbate operational errors and employee
fatigue (behavioral barriers), ultimately increasing waste and reducing
efficiency (economic and environmental barriers).

Conclusion: This study demonstrates that managing barriers to sustainable
production in the dairy industry requires a holistic, value-chain-oriented, and
strategic approach rather than fragmented operational interventions. The
developed integrated FDM-AHP-TOPSIS framework offers a practical and
systematic tool for managers and policymakers to identify critical bottlenecks
and allocate resources effectively. Given the paramount importance of
economic and strategic barriers, immediate policy interventions should focus
on stabilizing financial conditions and providing investment incentives for
technological upgrades. Simultaneously, companies should invest in human
resource development and foster a culture of collaboration and innovation to
overcome organizational and behavioral hurdles. The paradoxical performance
of larger firms suggests that corporate size and market dominance do not
guarantee sustainability success; instead, strategic agility and integrated
management are key. This research provides a robust foundation for future
studies to explore dynamic interactions among barriers, perhaps using system
dynamics, and to extend the analysis to other segments of the food industry.
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