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In today's world, where food supﬁly chains are increasingly exposed to
the adverse effects of climate change and the degradation of natural
resources, the relationship between investments in emerging green
technologies and the mitigation of environmental risks has become a
critical area of inquiry. This study seeks to provide an in-depth
examination of this " relationship™ by moving beyond general
assumptions and identifying the underlying mechanisms through
which _green technology investments contribute to environmental risk
reduction. Accordingly, the present research aims to investigate the
role of investments 1n green technologies in reducing environmental
risks within Iran’s food supply chain. From the perspective of Fulpose,
this study is applied-developmental in nature, while methodologicall

it adoptS a descriptive-analytical approach using a mixed-methods
design. The research was conducted in Iran during 2024. In the
qualitative phase, thematic analysis was employed, and sixteen
semi-structured interviews were conducted with sublj_ect—matter experts
until theoretical saturation was achieved. The identified themes related
to ?reen tech_nologY investment were subsequently validated using the
Delphi technique. In the quantitative phase, data"were collected from
395 managers and experts working in relevant organizations through a
researcher-developed questionnaire. The questionnaire's validity was
confirmed by exPens, and its reliability was assessed using Cronbach’s
alpha coefficient. Quantitative data were anal?/zed through Structural
Equation Modeling (SEM) using the Partial Least Squares (PLS)
approach in SmartPLS software. The qualitative findings revealed
three overarching themes (technological governance ~ structures,
transformative technologies, and sustainable ecosystem requirements),
nine organizing themes (driving policy frameworks, transformative
financial structures, participatory technology governance, advanced
production  technologies, = intélligent distribution technologies,
integrated recycling technologies, natural resource sustainability,
climate adapta |I|t%/, and food system resilience), and thirty-six basic
themes. The Delphi analysis confirmed the validity of all identified
themes, which _subsequently formed the basis for questionnaire
development. The quantitative findings further confirmed the
significant effect of ﬁreen technology  investments on reducin

environmental risks in the food supply chain. The results demonstrate

that all three dimensions—technological governance, green
technologies, and ecosystem requirements—exert a S|?n| icant
negative effect on environmental risks within the food supply chain.
The findings contribute to the existing body of knowledge on
sustainable food supply chain governance and provide a practical
roadmap for policymakers, food industry managers, and investors. By
adopting an integrated and evidence-based approach, stakeholders can
effectively reduce environmental risks and promote the development
of a resilient and sustainable food system.
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Introduction

The growing pressures of climate change, environmental degradation, resource scarcity, and increasing
sustainability requirements have transformed environmental risk management into a strategic priority for
food supply chains. In recent years, investment in green technologies has emerged as a critical
mechanism for enhancing sustainability and mitigating environmental risks across agricultural and food
systems. Despite the growing body of literature on green innovation and sustainable supply chains, a
significant research gap remains regarding the identification of the specific technological, governance,
and ecosystem-related factors through which green technology investments can effectively reduce
environmental risks in the Iranian food supply chain. Previous studies have often focused either on
isolated technological solutions or on broad sustainability frameworks, while lacking an integrated
perspective that captures the interactions among governance structures, transformative technologies, and
ecosystem requirements. Therefore, this study aims to develop and empirically validate a comprehensive
framework for understanding the role of green technology investments in reducing environmental risks
and improving the sustainability of Iran’s food supply chain.

Research Objectives and Questions
Research Objectives

The primary objective of this study is to examine the role of investments in green technologies in
reducing environmental risks and enhancing the sustainability of Iran’s food supply chain. More
specifically, the study seeks to develop and validate a comprehensive framework that explains how
technological governance structures, transformative technologies, and sustainable ecosystem
requirements contribute to environmental risk mitigation across different stages of the food supply chain.
The specific objectives of the study are:

e To identify the key dimensions and components of green technology investment in the food supply
chain.

e To develop an integrated conceptual framework linking green technology investments to environmental
risk reduction.

e To investigate the effects of technological governance structures on environmental sustainability within
the food supply chain.

e To assess the contribution of transformative green technologies to environmental risk mitigation.

e To examine the role of sustainable ecosystem requirements in enhancing food system resilience and
sustainability.

e To provide practical recommendations for policymakers, investors, and food industry managers
regarding green investment priorities.

Research Questions

To achieve the above objectives, the study addresses the following research questions:

1. What are the key dimensions and components of green technology investment in the context of Iran’s
food supply chain?

2. How can an integrated framework of green technology investment for environmental risk reduction be
developed and validated?
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3. What is the effect of technological governance structures on reducing environmental risks in the food
supply chain?

4. How do transformative green technologies contribute to the sustainability of the food supply chain?

5. What role do sustainable ecosystem requirements play in enhancing food system resilience and
reducing environmental risks?

6. To what extent do investments in green technologies contribute to the overall sustainability of the
food supply chain?

Methodology

This study adopted an applied-developmental orientation and employed a sequential mixed-methods
design within an interpretive—analytical paradigm. In the qualitative phase, thematic analysis based on
the Attride-Stirling approach was conducted to identify the dimensions and components of green
technology investment. Data were collected through sixteen semi-structured interviews with academic
experts and practitioners specializing in food supply chains, sustainability, and environmental
management. Participants were selected using snowball sampling until theoretical saturation was
achieved.

To ensure the reliability and validity of the qualitative findings, a Delphi process was conducted,
allowing experts to evaluate and refine the identified themes through iterative rounds of consensus
building. Subsequently, a researcher-developed questionnaire was designed based on the validated
themes.

In the quantitative phase, data were collected from 395 managers, logistics specialists, environmental
experts, quality-control officers, and supply chain practitioners operating within Iran’s food industry.
Structural Equation Modeling (SEM) using the Partial Least Squares (PLS) approach in SmartPLS
software was employed to evaluate the proposed conceptual model and test the research hypotheses.

Findings

The qualitative analysis revealed three overarching themes representing the key dimensions of green
technology investment:

1. Technological Governance Structures

2. Transformative Technologies

3. Sustainable Ecosystem Requirements

These overarching themes were further decomposed into nine organizing themes and thirty-six basic
themes.

The dimension of Technological Governance Structures included driving policy frameworks,
transformative financial structures, and participatory technology governance mechanisms. These themes
emphasized the importance of supportive regulations, innovative financing arrangements, stakeholder
collaboration, and institutional coordination in facilitating green technology adoption.

The dimension of Transformative Technologies comprised advanced production technologies,
intelligent distribution technologies, and integrated recycling technologies. These technologies contribute
to reducing resource consumption, minimizing waste generation, improving traceability, and enhancing
operational efficiency throughout the food supply chain.
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The dimension of Sustainable Ecosystem Requirements encompassed natural resource sustainability,
climate adaptability, and food system resilience. These factors reflect the necessity of preserving
environmental resources, strengthening adaptive capacities against climate-related disruptions, and
enhancing the long-term resilience of food systems.

The Delphi analysis confirmed the reliability and relevance of all identified themes, providing a
robust foundation for the quantitative phase.

The quantitative results demonstrated that investments in green technologies exert a significant
negative effect on environmental risks within the food supply chain. Specifically, all three dimensions—
technological governance structures, transformative technologies, and sustainable ecosystem
requirements—were found to significantly reduce environmental risks. The findings indicate that
effective governance mechanisms create an enabling environment for technological innovation, while
investments in advanced green technologies improve environmental performance through resource
optimization, waste reduction, and emission control. Furthermore, ecosystem-oriented investments
strengthen resilience and adaptive capacity, thereby reducing vulnerability to environmental
disturbances.

Discussion

The results highlight that environmental risk reduction cannot be achieved solely through technological
innovation. Rather, a comprehensive and integrated approach is required, combining supportive
governance frameworks, technological transformation, and ecosystem-based sustainability strategies.
The findings reinforce the argument that green technology investment should be viewed not merely as a
financial expenditure but as a strategic instrument for systemic transformation across the food supply
chain.

The study further demonstrates that the effectiveness of green technologies is contingent upon the
presence of enabling institutional structures and coordinated stakeholder engagement. Therefore,
policymakers and industry leaders should prioritize long-term investments that simultaneously strengthen
technological capabilities, governance quality, and environmental resilience.

Conclusions and Implications

This study provides a comprehensive framework explaining how investments in green technologies
contribute to the reduction of environmental risks and the enhancement of sustainability within Iran’s
food supply chain. The integrated model developed in this research emphasizes the interconnected roles
of technological governance, transformative technologies, and ecosystem requirements in achieving
sustainable food systems.

The findings contribute to the theoretical advancement of sustainable supply chain governance and
offer practical guidance for policymakers, investors, and food industry managers. By adopting evidence-
based investment strategies and promoting coordinated technological transformation, stakeholders can
significantly reduce environmental risks while fostering resilient, sustainable, and environmentally
responsible food supply chains.
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