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Highlights
« Islamic Sukuk bonds are identified as the most efficient financing method.
« A mixed-method framework integrates qualitative coding and AHP.
« Key barriers include legal, structural, cultural, and institutional gaps.
« Sustainable finance strengthens the link between policies and clean energy.
« A localized model is provided for renewable energy financing in Iran.

Abstract

This study examines the major challenges involved in financing large-scale national
renewable energy projects. It aims to identify the most effective financing methods for
reducing reliance on government resources while supporting sustainable development and
environmental protection. The research employs a mixed-method design that integrates
qualitative techniques, including semi-structured interviews, focus group discussions,
systematic observation, and theoretical coding with MAXQDA software, together with
quantitative procedures such as social network analysis, machine learning algorithms, and
Monte Carlo simulation. The sample consisted of experienced academic and industry experts
selected through snowball sampling, maximum variation sampling, and stratified sampling.
The results show that Islamic securities, known as Sukuk, are the most efficient financing
method due to their lower currency risk, faster execution process, and compliance with
religious and regulatory requirements. Although other methods such as green bonds, public-
private partnerships, and indirect foreign investment also have potential, their effectiveness is
limited by institutional, legal, and market constraints. The findings provide a context-specific
framework suited to the economic and policy environment of Iran and offer practical insights
for macro-level financial decision-making in the energy sector. Overall, the study
demonstrates that a diversified and sustainable financing structure centered on Islamic Sukuk
can significantly improve the feasibility of renewable energy investments, enhance domestic
capital attraction, and support the national transition toward clean and resilient energy systems.
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Introduction

The transition toward renewable and clean energy has become a
strategic priority for developing economies seeking sustainable
growth, energy security, and reduced environmental degradation.
Despite technological advances and global commitments to carbon
neutrality, financing remains the primary bottleneck in deploying
large-scale renewable projects. This challenge is particularly acute in
countries facing economic constraints, policy instability, and weak
institutional frameworks. The present study examines these issues in
Iran and evaluates financing methods suitable for large-scale
renewable energy projects through an integrated qualitative and
guantitative approach.

Purpose and Research Problem

Developing countries often encounter barriers such as insufficient
government funding, currency volatility, high project risks, and
underdeveloped financial markets. These limitations restrict private capital
inflows and hinder long-term renewable energy strategies. In Iran, the
energy sector is further constrained by international sanctions, reliance on
fossil fuels, unstable policies, and limited financial diversification. The
central research question is: How can large-scale renewable energy
projects in Iran be financed effectively, and which method offers the
highest efficiency based on expert evaluation and multi-criteria decision
analysis? The study hypothesizes that sustainable financing mediates the
relationship between macroeconomic policy frameworks and renewable
energy development, emphasizing the need for financing structures that
integrate economic, environmental, and institutional dimensions.

Methodology

A mixed-method design was adopted, combining grounded theory in
the qualitative phase with the Analytic Hierarchy Process (AHP) and
computational techniques in the quantitative phase. This design enabled
exploration of expert perspectives and structured prioritization of financing
options.

Quialitative Phase
Semi-structured interviews, focus groups, and expert consultations
were conducted with 11 specialists selected through snowball and
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maximum variation sampling. Data were transcribed, coded, and analyzed
using MAXQDA and NVivo software. The analysis identified five
overarching categories of barriers:
e Legal and regulatory: restrictive laws, short maturity periods for
Islamic bonds, weak institutional alignment.
e Structural: bureaucratic delays, lack of credit rating systems,
limited diversity of instruments.
e Cultural and social: low awareness of modern tools, weak
investment culture, insufficient financial education.
e Marketing and communication: poor outreach and limited
alignment with global standards.
e Macroeconomic and environmental: inflation, currency risk,
instability, and lack of transparent secondary markets.
These findings reveal a complex financing landscape where
inefficiencies hinder private-sector participation and capital mobilization.

Quantitative Phase

Four criteria were identified for evaluating financing methods:
financing cost, risk of timely resource provision, repayment structure, and
exchange rate risk. Using AHP, experts provided pairwise comparisons,
with a consistency index of 0.01 confirming reliability. The ranking
showed Islamic Sukuk as the top option, followed by debt securities, BOT
variants, green finance instruments, PPPs, and finally cryptocurrencies and
trade-based mechanisms. Sukuk outperformed alternatives due to lower
currency risk, cultural compatibility, feasibility under sanctions, and
established legal frameworks.

Key Findings

Integrating qualitative and quantitative results provides a
comprehensive perspective on the feasibility of financing renewable
energy projects. The findings clearly demonstrate that Islamic Sukuk has
emerged as the most effective and resilient method, particularly within
Iran’s regulatory, economic, and cultural environment. Sukuk not only
aligns with Sharia principles but also offers a financing instrument that
is widely accepted by both policymakers and investors, thereby reducing
uncertainty and enhancing legitimacy. At the same time, the study
underscores the necessity of structural reforms to improve the
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attractiveness of alternative mechanisms such as green bonds, public—
private partnerships (PPPs), and foreign investment models. Without
reforms that address legal inconsistencies, bureaucratic inefficiencies,
and the absence of transparent secondary markets, these instruments are
unlikely to reach their full potential. Institutional fragmentation, reflected
in the lack of coordination among government agencies, regulators, and
project developers, continues to weaken the overall effectiveness of
financing strategies. Cultural and educational barriers, including limited
awareness of modern financial tools and insufficient investor training,
further restrict public participation and reduce the mobilization of
domestic capital. Sustainable financing mechanisms, when properly
designed and implemented, can play a transformative role by linking
national policy objectives with the practical deployment of clean energy.
They provide a pathway for aligning economic growth with
environmental protection, while also fostering social acceptance and
long-term stability. In this way, financing becomes not merely a technical
requirement but a strategic enabler of Iran’s transition toward renewable
energy.

Contribution and Innovation

This study contributes by developing a localized financing framework
tailored to Iran’s economic, cultural, and regulatory context. It employs a
triangulated methodology combining grounded theory, AHP, network
analysis, machine learning, and Monte Carlo simulations, an approach
rarely used in similar research. It identifies multi-dimensional challenges
that extend beyond economic factors to include cultural, institutional, and
marketing dimensions, and offers policy-relevant strategies for
strengthening financial infrastructure to support renewable energy
expansion.

Practical Implications

Policy recommendations include strengthening legal frameworks for
Islamic and green Sukuk, developing specialized Islamic financial
institutions, creating transparent secondary markets, enhancing investor
education, and supporting PPP structures through guarantees and risk-
sharing mechanisms. These measures can attract greater investment and
accelerate renewable energy deployment in Iran.
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Conclusion

Financing is the cornerstone of renewable energy expansion in
developing countries, where limited capital availability and elevated
investment risks often impede the adoption of clean technologies. In the
case of Iran, this study demonstrates that Islamic Sukuk represents the most
feasible and resilient mechanism for mobilizing resources for large-scale
renewable energy projects. Sukuk not only aligns with the country’s
regulatory and cultural context but also provides Sharia-compliant
legitimacy, which enhances investor confidence and ensures broader social
acceptance. By leveraging the established structures of Islamic capital
markets, Sukuk can serve as a reliable instrument for channeling long-term
funds into projects that contribute to both economic growth and
environmental sustainability. Nevertheless, reliance on Sukuk alone is
insufficient to guarantee long-term financial sustainability. Achieving
durable progress requires institutional reforms that improve transparency,
reduce bureaucratic inefficiencies, and foster stronger coordination among
government agencies, regulators, and project developers. Diversification
of financial tools, including green bonds, public—private partnerships, and
foreign investment models, is essential to mitigate risks and attract a wider
pool of domestic and international investors. Strengthened macroeconomic
stability, particularly in areas such as inflation management, currency
stability, and fiscal discipline, will further reinforce investor trust and
ensure the resilience of financing mechanisms. The proposed integrated
framework therefore offers a robust foundation for financial planning,
academic research, and policy development. By bridging economic,
cultural, and institutional dimensions, it provides a holistic approach that
connects national policy objectives with practical strategies for clean
energy deployment. This framework not only enriches theoretical debates
on sustainable finance but also delivers actionable guidance for
policymakers and practitioners seeking to accelerate Iran’s transition
toward renewable energy.
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