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Given the increasing challenges in ensuring a sustainable energy

supply and the widespread imbalances across energy carriers such as
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electricity and gas, the need to reconsider the current energy
governance system has become more critical than ever. The purpose
of this study is to design and validate an operational energy
governance model based on a sustainable development approach in
Iran. Using the Fuzzy Delphi method across three consecutive rounds,
involving 23 experts, the study identified and validated the key
dimensions and components of operational energy governance. The
final model was developed around three main dimensions—actors,
level of action, and supply chain—comprising 23 validated
components. The most agreed-upon components include stakeholder
participation, conflict of interest management, supply chain
performance monitoring and evaluation, institutional capacity, and
process transparency. This model, as a localized and operational
framework, can serve as a foundation for institutional reforms and for
improving the implementation of energy policies in Iran.

Keywords: operational governance, energy, policy implementation,
sustainable development

1. Introduction

Energy is a strategic resource driving economic growth, social
welfare, and sustainable development (Saberi & Zafarian, 2023).
Achieving energy security while addressing environmental concerns
is essential, especially for countries with abundant reserves (Ashraf &
Bocca, 2023). Despite holding the world's third-largest energy
reserves, Iran faces severe imbalances: electricity shortages of
approximately 17,500 MW, natural gas deficits of 315 million cubic
meters per day, and gasoline shortages of over 10 million liters per
day. These challenges highlight systemic weaknesses in energy
governance, including fragmented decision-making, low investment,
ineffective privatization, and the influence of macroeconomic
conditions and sanctions (Ahadzadeh et al., 2021).

The gap between policy formulation and operational outcomes
underscores the absence of a practical implementation framework
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(Mazkouri et al., 2025). Iran's ranking of 61st in the 2024 Energy
Trilemma Index, despite vast reserves, further demonstrates
inefficiencies in balancing energy security, access, and environmental
sustainability (Energy Trilemma Report, 2023). Addressing these
issues requires a focus on operational governance—policy
implementation, process management, and stakeholder interaction—
rather than only technical or managerial solutions (Hill & Hupe,
2023).

Existing domestic studies mainly highlight structural challenges,
energy crisis assessments, or theoretical frameworks for governance
(Kohan Houshnejad, 2014; Saberi & Zafarian, 2023; Ahadzadeh et al.,
2021). However, a practical, localized model integrating operational
governance with sustainable development principles is missing. This
study seeks to fill this gap by addressing:

"What is the appropriate model of operational energy governance
with a sustainable development approach in Iran?"

2. Literature Review

Iran's energy supply challenges affect economic development and
social welfare, attracting interdisciplinary research from economics,
management, public policy, and political geography (Asadi &
Dehnavi, 2020; Marzban et al., 2018; Zafarian et al., 2022).
Recommendations often include private sector participation
(Ahadzadeh et al., 2021) and public engagement (Shahbazi et al.,
2015), but studies focusing on operational governance remain limited
(Ahadzadeh et al., 2021; Talebipour Farsangi et al., 2022).

Domestic studies are categorized into structural analyses—
highlighting institutional fragmentation, policy instability, and
implementation gaps—and performance evaluations using the Energy
Trilemma Index (Saberi & Zafarian, 2023). While informative, these
studies rarely provide actionable operational models.

International research provides practical frameworks. Knodt &
Kemmerzell (2022) emphasize coordination across multi-level
institutions and actors for successful energy transitions. Hill & Hupe
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(2023) distinguish operational governance as a crucial implementation
stage where executive institutions directly influence outcomes. The
Energy Transition Index further emphasizes the role of innovation,
infrastructure, human capital, regulatory frameworks, and political
commitment in achieving energy security, equity, and sustainability
(Ashraf & Bocca, 2023).

Despite these insights, no localized model exists that integrates
theoretical foundations, operational governance, and sustainable
development for Iran. This study develops such a model, clarifying
institutional arrangements, decision-making processes, coordination
mechanisms, and policy instruments needed for effective energy
governance.

3. Methodology

This applied developmental study follows a positivist, deductive, and
quantitative approach with a cross-sectional design. The research
framework uses a five-step process: problem identification,
exploratory studies, theoretical framework development, and
analytical model construction (Quivy & Campenhoudt, 2022). A
conceptual model was developed through literature review and
exploratory interviews, then refined and validated via the Fuzzy
Delphi method with 23 experts across three rounds.

4. Results

The final model consists of three dimensions:

1. Actors: Includes multi-actor participation, horizontal and vertical
coordination, government facilitation, and conflict-of-interest
management.

2. Level of Action: Covers institutional capacity, rule and policy
governance, accountability, and strategic management.

3. Energy Supply Chain: Focuses on performance monitoring,
infrastructure modernization, financial efficiency, resilience, and risk
management.

Consensus in Delphi rounds identified 23 components as essential.
Some items, such as property rights enforcement and monopoly
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regulation, did not achieve consensus and were excluded. The model
emphasizes integrated governance, linking institutional, procedural,
and technical aspects to achieve energy security, equitable access, and
environmental sustainability.

5. Discussion

The actors' dimension aligns with multi-level governance theories
(Knodt & Kemmerzell, 2022). It highlights the state's role as a
regulator, facilitator, and capacity builder while addressing
institutional gaps in policy implementation (Ahadzadeh et al., 2021).
The action dimension shows that laws and policies alone are
insufficient. Strengthening operational institutions and accountability
closes the formulation—implementation gap (Hill & Hupe, 2023).

The supply chain dimension enhances techno-economic efficiency by
monitoring, modernizing infrastructure, and implementing resilience
measures. These strategies directly support energy security, equity of
access, and environmental sustainability while fostering readiness for
the energy transition (Ashraf & Bocca, 2023).

By integrating theoretical foundations, domestic insights, and expert
consensus, the model provides a comprehensive framework
addressing Iran's energy governance challenges.

6. Conclusion
Key recommendations include:

1. Institutional mechanisms for inclusive participation: Establish a
High Council for Energy Governance with representatives from
government, private sector, academia, and civil society.

2. Monitoring and evaluation systems: Develop integrated platforms
for transparent assessment of the energy supply chain.

3. Institutional capacity and human capital development: Provide
training for operational-level staff in technical, analytical, and
managerial skills.
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4. Transparency and incentive reform: Review pricing, subsidies,
and incentives to promote efficiency and renewable energy
investment.

5. Resilience and risk management: Prepare operational plans for
crises and diversify the national energy mix.

The proposed model provides a practical framework for improving
operational energy governance in Iran, supporting policy revision,
sectoral planning, and institutional performance evaluation. It offers a
localized, sustainable roadmap to balance energy security, equity, and
environmental objectives while enabling energy transition readiness.
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1. Fuzzy Delphi Method(FDM)
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1. Defuzzification
2. Crisp Value
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