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Abstract

Introduction

The integration of renewable energy in agriculture has gained
paramount importance as the global community grapples with climate
change and the imperative to conserve natural resources. As a
foundational sector for economic stability and food security, agriculture
plays a dual role: it is both vulnerable to environmental shifts and a
critical arena for mitigation. Transitioning to renewable energy
technologies within agricultural systems not only optimizes
productivity and crop yields but also substantially mitigates the
ecological footprint associated with conventional farming practices.

Objective

Maintaining precise thermal regulation through heating and cooling is
a prerequisite for greenhouse production, yet heating costs can
constitute up to 70% of total operational expenditures during winter.
This study explores the potential of hybrid solar-wind systems as a
strategic alternative to conventional energy, which has been shown to
yield significant consumption reductions. Specifically, the research
evaluates the cost-effectiveness of passive solar greenhouses for
extending growing seasons, particularly in cold or high-cloud-cover
regions where supplementary renewable or conventional heating is
necessary to ensure crop protection.
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Research Method

Adopting a systematic literature review approach, this research
synthesizes global evidence on the application of renewable energy in
agriculture. The study first evaluates electrical energy utilization in
greenhouses before conducting a comparative analysis of solar and
wind energy applications across diverse international contexts. It
further investigates the multi-dimensional factors determining the
viability of integrating these systems into protected agriculture and
concludes by identifying the systemic challenges hindering widespread
adoption.

Results and Discussion

Findings indicate that despite the clear advantages of renewable energy, its
adoption, and particularly in developing economies is constrained by
complex institutional, political, legal, and socio-cultural barriers. In rural
settings, community-based project success hinges on enhancing local
awareness regarding the detrimental impacts of fossil fuels. Furthermore,
the analysis reveals that adoption rates are significantly influenced by
psychological and behavioral determinants, including perceived
vulnerability, intrinsic rewards, self-efficacy, and the perceived cost-
benefit ratio of the technological transition.

Conclusion

While various technologies including hydropower and biomass, are
available, solar and wind energy remain the most critical for innovative
agricultural design. The future of the sector lies in the advancement of
high-efficiency, low-cost solutions such as multi-junction solar cells
and thin-film technologies. Strategic policy intervention and
technological maturation are essential to transitioning from fossil-
dependent agriculture to sustainable, green-energy-driven systems.

Keywords:  Renewable  Energy;  Agricultural ~ Greenhouses;
Environmental Protection; Sustainable Agriculture; Climate Change
Mitigation.
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