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In recent years, environmental challenges such as greenhouse gas emissions and high
resource consumption have become major concerns in the dairy industry. Organizations
have increasingly adopted sustainable approaches to enhance customer satisfaction and
gain competitive advantage. Despite numerous studies, there remain gaps in identifying
specific pollutants in the dairy industry and analyzing the relationships among them.
Previous research has mostly focused on general aspects of green supply chain
management. This study, using multi-criteria decision-making (MCDM) methods, aims
to identify and prioritize the factors influencing environmental sustainability in the dairy
industry. The research is applied in purpose, cross-sectional in time, and descriptive-
survey in methodology with a quantitative approach. The statistical population consists
of managers and experts in the dairy industry with more than ten years of work
experience and academic education in management and supply chain fields. A purposive
sampling method was employed, including 10 industry experts, and 60 dairy industry
professionals completed the questionnaire. The adequacy of sampling was assessed
using the KMO index and Bartlett’s test. Data were collected through a Likert-scale
questionnaire and analyzed using statistical and MCDM techniques. This research was
conducted through a four-stage process between 2023 and 2024 (1402-1403 in the
Iranian calendar): (1) Identification of environmental pollutants in the dairy supply
chain; (2) Extraction and screening of factors influencing green supply chain
management through literature review and expert interviews; (3) Analysis of causal
relationships among criteria using the DEMATEL method; and (4) Prioritization of
criteria using the ANP method. Like any scientific study, this research faced several
limitations. These include possible human error in expert evaluations and questionnaire
responses, challenges in obtaining accurate data from dairy industry stakeholders across
Iran, and the inherent constraints of MCDM techniques such as DEMATEL and ANP in
fully capturing the complexity of interrelationships among criteria. Findings revealed
that the main environmental pollutants in the dairy supply chain (soil, water, air, noise,
and light pollution) were identified and categorized into 21 sub-criteria. Based on
literature review and field data, five main criteria and 25 sub-criteria for implementing a
green supply chain were extracted. The causal relationships among these criteria were
analyzed, and their priorities were determined. Results indicated that waste management
and recycling had the greatest influence on green supply chain management in the dairy
industry, followed by internal environmental management, green production and
operations, green warehousing, transportation, and distribution, and green purchasing
and procurement. These findings emphasize the importance of waste reduction, process
optimization, and the adoption of green technologies.The novelty of this study lies in
developing a hybrid model integrating the DEMATEL and ANP methods to
simultaneously analyze causal relationships and prioritize criteria. Unlike previous
models, this approach aligns more closely with the actual conditions of Iran’s dairy
industry, utilizing up-to-date data and expert insights. It is recommended that dairy
industry managers adopt green supply chain policies to reduce pollutants while
achieving competitive advantages such as enhanced customer satisfaction and improved
brand image. However, due to the limited sample size, the results are generalizable only
to the dairy industry. This study can serve as a practical guide for developing sustainable
strategies in similar industries.
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Introduction

In recent years, the dairy industry has faced serious environmental challenges, including
greenhouse gas emissions, excessive resource consumption, and waste generation. These issues
have drawn attention to the need for environmentally sustainable management approaches.
Green Supply Chain Management (GSCM) has emerged as an essential strategy to mitigate
environmental impacts and enhance competitiveness. Despite numerous studies on green supply
chains, there remain research gaps in identifying industry-specific pollutants and analyzing
causal relationships among sustainability factors in the dairy sector. This study aims to identify,
categorize, and prioritize the critical factors influencing GSCM implementation in the Iranian
dairy industry using multi-criteria decision-making (MCDM) techniques.

Research Objectives and Questions

The research seeks to answer the following main question:

What are the key factors influencing the implementation of green supply chain management in
the dairy industry, and how can these factors be prioritized to improve environmental
sustainability?

The objectives are:

1. To identify environmental pollutants throughout the dairy supply chain.

2. To determine the main criteria and sub-criteria influencing the adoption of GSCM.

3. To analyze causal relationships between these factors using DEMATEL.

4. To prioritize them through the Analytic Network Process (ANP).

Methodology

The study adopts an applied research design with a descriptive-survey and quantitative
approach. It was conducted in four main stages between 2023 and 2024:

1. Identification of Environmental Factors: Field interviews were conducted with 10 industry
experts and managers with over 10 years of experience to identify key environmental pollutants.
2. Screening of Effective Factors: Based on the literature review and expert opinions, 5 main
criteria and 25 sub-criteria were extracted and refined using Delphi and statistical screening
methods (t-test and ANOVA).

3. Causal Analysis Using DEMATEL: The Decision-Making Trial and Evaluation Laboratory
method was applied to determine cause-and-effect relationships among the factors.

4. Prioritization via ANP: The Analytic Network Process was employed to compute weights
and rank the factors based on their relative importance.

Data were collected using a Likert-scale questionnaire distributed among 60 professionals from
various positions (managers, supervisors, and experts) across the dairy supply chain. The
reliability of the questionnaire was confirmed through Cronbach’s alpha (a = 0.938), indicating
strong internal consistency. Sampling adequacy was validated by KMO = 0.862 and Bartlett’s
test significance (p < 0.001). Data analysis was conducted using SPSS, Excel, and Expert
Choice software.
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Findings

The results of the DEMATEL analysis identified five main categories influencing GSCM in the
dairy industry:

1. Waste Management and Recycling

2. Internal Environmental Management

3. Green Production and Operations

4. Green Warehousing, Transportation, and Distribution

5. Green Purchasing and Procurement

Among these, waste management and recycling had the highest influence, followed by internal
environmental management and green production. Factors such as the use of modern
technologies, collaboration with local recycling centers, and environmental training campaigns
ranked as the most influential sub-criteria. Conversely, “vehicle maintenance” and “standardized
raw material lists” were ranked lower but remained essential components.

The findings revealed that implementing green policies can substantially reduce soil, water, air,
noise, and light pollution, leading to improved environmental performance across the supply
chain. The integration of waste recycling systems and energy-efficient technologies can notably
minimize environmental damage while increasing operational efficiency.

Discussion

The research highlights that the most influential dimensions of GSCM in the dairy industry are
directly related to internal process optimization and waste management. The results support the
argument that integrating green technologies, establishing environmental standards, and
fostering collaboration among suppliers and local recycling units can enhance both
environmental and economic performance. Moreover, educational initiatives and awareness
campaigns are pivotal in strengthening organizational commitment to sustainability.

This study also emphasizes that decision-making tools such as DEMATEL and ANP provide a
structured approach to analyzing complex interrelationships among environmental, operational,
and strategic factors—an area often overlooked in previous research. The combination of these
two methods allows simultaneous evaluation of causal relationships and prioritization of factors,
offering a more comprehensive and realistic model tailored to the Iranian dairy sector.

Conclusions and Implications

The proposed hybrid DEMATEL-ANP model offers a practical framework for identifying and
prioritizing GSCM factors in the dairy industry. The results suggest that managers should focus
on:

 Enhancing waste management and recycling systems.

« Strengthening internal environmental management frameworks.

 Encouraging supplier participation through environmental agreements and incentives.

e Investing in green technologies and process optimization.

The study’s outcomes provide valuable insights for policymakers and industry leaders aiming to
develop sustainable strategies in the dairy sector and other related food industries. Despite its
contributions, limitations such as the small expert sample size and challenges in data collection
restrict the generalizability of findings. Future studies could expand the scope by including
additional industries and employing longitudinal designs to examine long-term impacts.
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