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Article Info Abstract

Energy is a fundamental component in fulfilling basic human needs, supporting systems
ranging from the food supply chain to diverse economic activities. In light of the existing
imbalance between energy production and consumption within the agricultural sector, and
the mounting challenges posed by global warming, the imperative to transition toward
renewable energy sources becomes increasingly clear. This study aimed to identify and
evaluate the renewable energy potential in the agricultural sector of Kurdistan Province—
a subject that has received relatively limited scholarly attention—and to propose strategic
recommendations for its advancement. Data were gathered through 15 semi-structured
expert interviews, conducted until theoretical saturation was achieved, and subsequently
analyzed using qualitative content analysis in MAXQDA software. The findings indicate
that the province’s renewable energy potential comprises 40.54% solar, 37.84% wind,
13.51% hydropower, and 8.11% biomass. The prioritization for development was
determined as follows: solar (31.9%), wind (29.79%), biomass (15.19%), hydropower
(10.64%), and geothermal (8.51%). Recommended strategies include the provision of
financial support (22.95%), public education and awareness campaigns (21.31%),
reallocating subsidies from fossil fuels to renewable sources (6.56%), and the
implementation of incentive-based policies (4.92%). These results offer a foundation for
designing participatory renewable energy initiatives involving local farmers and
advancing sustainable development across the province.

Keywords: Renewable energy, capacity assessment, rural development, sustainable
agriculture, Kurdistan Province
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Extended Abstract

Introduction

In rural communities of Iran, agriculture
constitutes the foundation of the economy and
livelihoods, serving as a critical driver of rural
development. The agricultural sector heavily
relies on external energy sources, particularly
fossil fuels and electricity, which have
become integral to modern agricultural
production. However, the depletion of fossil
fuel reserves, rising energy costs, and
environmental impacts such as global
warming and climate change pose significant
threats to the sustainability of rural areas and
agriculture. The concept of sustainable
agriculture emphasizes balancing maximized
production and economic growth with
minimizing  environmental harm.  The
relationship between agricultural activities
and energy consumption is often complex and
imbalanced, necessitating self-reliance in the
agricultural sector to address high energy
costs and environmental challenges. This self-
reliance can be achieved through the adoption
of renewable energy sources, such as solar,
wind, hydro, geothermal, and biomass. Given
the critical role of renewable energy in
sustainable development, this study aims to
identify and assess the potential of renewable
energy sources in the agricultural sector of
Kurdistan Province, Iran, and propose
strategies for their development from the
perspective of experts and stakeholders. As
the first comprehensive assessment in this
region, it addresses a notable gap by focusing
on local renewable energy potentials. This
study makes three significant contributions to
the existing literature: (1) it provides a
comprehensive assessment of the perspectives
of agricultural experts in Iran, (2) it identifies
key barriers and opportunities for renewable
energy adoption in the agricultural sector, and
(3) it offers practical recommendations for
policymakers and  practitioners.  This
assessment warrants critical and immediate
attention due to the multifaceted challenges
facing the agricultural sector and the pressing
need for sustainable energy solutions.

Methodology

This applied research adopts a descriptive-
analytical approach and is qualitative in
nature. Data were collected through semi-

structured individual interviews using a
research protocol. The protocol consisted of
two main sections: the first addressed
technical interview details (e.g., interview
format, participant selection criteria, and
interviewee characteristics such as education,
age, occupation, and professional experience),
while the second included interview questions
focused on two key themes:

1) Familiarity with renewable energy
sources and their types, and

2) The potential of renewable energy
sources in Kurdistan Province based on
geographical and infrastructural factors.
Participants included 15 experts and
stakeholders from organizations such as the
Agricultural ~ Jihad  Organization,  the
Kurdistan  Electricity = Department, the
University of Kurdistan, the Barakat
Foundation, and the Agricultural and Natural
Resources Engineering Organization. The
participant ~ selection  process combined
purposive sampling of institutional leaders
with  snowball sampling to identify
experienced  field practitioners.  Data
collection ceased after 15 interviews upon
reaching theoretical saturation. To ensure data
validity, confirmability, credibility, and
transferability were evaluated. Researcher
triangulation and  member  checking
procedures were employed to ensure the
validity and reliability of the findings. Data
were analyzed using qualitative content
analysis with a conventional approach,
employing MAXQDA software. In the open
coding phase, 196 indicators were extracted
and categorized into four themes: familiarity
with renewable energy, potential sources,
prioritization, and development strategies.

Results and discussion

Qualitative content analysis revealed that
experts have the highest familiarity with solar
and wind energy (each 27.5%), followed by
hydro (17.7%), geothermal (15.7%), and
biomass (11.8%). This indicates a lack of
specialized training on renewable energy, its
benefits, and applications among experts and
farmers, posing a barrier to development. The
renewable energy potential in Kurdistan
Province comprises 40.5% solar, 37.8% wind,
13.5% hydro, and 8.1% biomass, with over
78% attributed to solar and wind energy.
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Prioritization for development, based on
accessibility, applicability, and geographical
conditions, ranked solar energy first (31.9%),
followed by wind (29.8%), biomass (19.2%),
hydro (10.6%), and geothermal (8.5%), the
latter contingent on geological studies
confirming its feasibility. Experts proposed
61 strategies for renewable energy
development, with financial support (22.9%),
education and awareness-raising (21.3%), and
redirecting fossil fuel subsidies to renewables
(6.6%) being the most frequent. Other
strategies  included incentive  policies,
technical training, establishing renewable
energy networks with farmer participation,
and ensuring equipment security. These
findings align with prior studies (e.g.,
Abualigah et al., 2022; Sayigh, 2024),
highlighting the prominence of solar and wind
energy in rural contexts, particularly in its
integration with pastoral and grazing systems.

Conclusion

Agriculture, as the cornerstone of Iran’s
rural economy, requires renewable energy to
achieve  sustainable development. The
depletion of fossil fuel reserves, rising energy
costs, and environmental impacts like global
warming necessitate the adoption of
renewable energy in Kurdistan’s agricultural
and rural sectors. This study, the first
comprehensive qualitative research in the
region, identifies solar and wind energy as the
top priorities due to their accessibility and
economic  viability. However, limited
awareness and infrastructure pose challenges.
To  address  these, the  following
recommendations are proposed:

1. Specialized Training  Programs:
Organize training by the Agricultural Jihad
Organization and the University of Kurdistan
for experts and farmers on solar and wind
technologies.

2. Financial Support: Provide long-term
loans through banks and the Agricultural
Jihad Organization for purchasing solar and
wind equipment, particularly in eastern and
northern Kurdistan.

3. Local Energy Networks: Establish
renewable energy networks with rural
community  participation  to  enhance
knowledge sharing and efficiency.

4.  Geological Studies: Conduct
specialized research to assess geothermal
energy potential.

5. Public Awareness Campaigns: Use
mass media and social networks to educate
farmers on renewable energy benefits.

6. Policy Development:  Formulate
strategic plans to redirect fossil fuel subsidies
to renewables and develop infrastructure.

These strategies can guide targeted energy
planning in Kurdistan, enhancing energy
security and sustainability in rural and
agricultural  sectors.  Despite identified
potentials, challenges such as inadequate
infrastructure and the need for further studies
must be addressed.

Policy Implications:

The study identifies a series of structural
paradoxes that warrant policy intervention,
foremost among them being the discrepancy
between Kurdistan’s considerable renewable
energy resources and their limited integration
into agricultural practice. This disconnect is
primarily attributed to three interrelated
factors: inadequate technical knowledge
among end-users, restricted financial access
for farming communities, and uneven policy
implementation across administrative
jurisdictions. To address these constraints, the
study recommends prioritizing the design of
farmer-oriented technologies compatible with
local agricultural systems, the development of
financial mechanisms tailored to the realities
of rural economies, and the formulation of
adaptive policy frameworks that
accommodate regional disparities in both
renewable energy potential and agricultural
structures.

Key Research Priorities:

Looking ahead, three key research priorities
emerge as particularly salient:

1. Comprehensive economic analyses of
the proposed financial instruments

2. Rigorous monitoring and evaluation of
pilot implementation projects

3. Comparative investigations involving
other agricultural regions undergoing similar
energy transitions
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