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Abstract

Purpose: Despite the growth in installed renewable energy capacity in Iran, the penetration of Solar Home Systems (SHS) in the residential
sector remains limited due to structural challenges. While many previous studies have examined general obstacles to renewable energy
deployment, there is a significant research gap in modeling the specific barriers to SHS diffusion in the Iranian market. Therefore, this
study aims to identify and model these key barriers and rank practical strategies for mitigating them. The main innovation of this research
lies in proposing a hybrid fuzzy framework (FDM-FAHP-MARCOS) that, for the first time, manages the uncertainty in expert judgments
and allows for precise analysis of market penetration barriers and operational prioritization of strategies tailored to the Iranian energy
market’s economic-institutional structure.

Methodology: This applied research adopts a descriptive—analytical approach. To analyze the problem and manage uncertainty in expert
judgments, a hybrid fuzzy multi-criteria decision-making framework was employed, integrating the Fuzzy Delphi Method (FDM), the
Fuzzy Analytical Hierarchy Process (FAHP), and the Fuzzy MARCOS method. The expert panel consisted of seven specialists in
renewable energy policy, solar market development, and energy economics in Iran. In the first stage, a systematic literature review
identified 48 potential barriers. These factors were then evaluated using the FDM; linguistic assessments were converted into triangular
fuzzy numbers, and consensus levels were determined. Factors with defuzzified values exceeding the predefined threshold were retained.
In the second stage, the FAHP was applied to determine the relative importance and global weights of the dimensions and indicators
through fuzzy pairwise comparisons. In the final stage, ten proposed strategies were evaluated and ranked using the Fuzzy MARCOS
method, which assesses alternatives based on their distances from fuzzy ideal and anti-ideal solutions.

Findings: The FDM results identified 23 key barriers categorized into five dimensions: equipment quality, financial and payment structure,
service and support, promotional and technological factors, and institutional and social factors. The FAHP results indicated that the
“financial and payment structure” dimension, with a weight of 0.32, is the most significant barrier to SHS market penetration in lran,
followed by “service and support” with a weight of 0.24. These findings demonstrate that financial limitations and weak technical service
infrastructure are the primary factors reducing households’ willingness to invest in this technology. At the indicator level, the high initial
cost, substantial down payment requirements, and lack of post-warranty services were identified as the most critical obstacles. Finally, the
evaluation of ten practical strategies via the Fuzzy MARCOS method revealed that facilitating installment-based repayment schemes
through banking and financial mechanisms is the most effective strategy. This is followed by installation subsidies for rural areas and
public housing, and the establishment of a transparent and stable Feed-in Tariff (FIT) policy. The results further suggest that while
awareness-raising and promotional measures are necessary, they have limited impact without fundamental improvements in financial and
institutional frameworks.

Conclusion: The findings suggest that the slow diffusion of SHS in Iran is primarily driven by economic constraints and weaknesses in
service infrastructure rather than technological limitations. High upfront costs, burdensome down payment requirements, and the absence
of efficient after-sales service systems are the main deterrents to adoption. Therefore, designing innovative financing mechanisms—such
as long-term low-interest installment plans, targeted subsidies for rural and low-income households, and stable Feed-in Tariff policies—
can significantly reduce investment risk and bolster public confidence. Furthermore, strengthening technical service infrastructure,
standardizing maintenance procedures, and requiring performance guarantees from service providers can enhance consumer trust in system
reliability. These results provide actionable insights for policymakers and energy planners to design effective strategies for accelerating
the adoption of Solar Home Systems in Iran.
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