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Energy supply has been one of the most basic needs of mankind throughout history.
The way of obtaining energy is closely related to the civilization and technological
progress of society. Currently, considering factors such as population growth and
limited land for agriculture, along with energy security and cost considerations, a
solution has been proposed as agrivoltaic systems; this system is a strategy for the
co-location of renewable energies, agricultural products and livestock. For a product
to enter global markets, superiority in technological development and efficiency are
decisive factors; therefore, in agrivoltaic systems, in addition to focusing on energy
management, special attention is also paid to crop management (crop and water). A
systematic irrigation system is also needed to prevent damage to the solar panel
structure. In summary, agrivoltaic systems aim to increase the efficiency of solar and
crop farms by reducing the effects of global warming and meeting food-energy-

Key_WOl‘d_S= water security. Pricing, efficiency, and domestic production of solar panels are
Agrivoltaic system, among the key challenges and future research directions that require further
Energy, investigation. This study discusses the general aspects of agrivoltaic systems.
Agriculture,

Solar panel.
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Introduction

The study refers to renewable energy growth worldwide in addressing energy demands and replacing
fossil fuels. Agrivoltaic systems (AVS), which integrate photovoltaic solar panels with crop
cultivation, are emphasized as a promising solution. These systems provide decentralized energy
access in rural agricultural areas while enhancing economic benefits for farming activities. Despite
their advantages, agrivoltaic systems require thorough investigation of their feasibility and impact on
crop production. They are particularly beneficial in densely populated and developing nations, where
renewable energy development is crucial but preserving profitable farmland remains a priority. The
section underscores the importance of careful planning and advancements in AVS technology to
reduce reliance on nonrenewable resources, mitigate global warming, and ensure food-energy-water
security initiatives are met.

Research Method

The optimal design for agrivoltaic systems (AVS) is important considering their dual purpose of
protecting crops and generating solar power. This study emphasizes the importance of solar radiation,
both for photosynthesis in crops and electricity production using photovoltaic panels. Strategies like
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integrating advanced solar tracking systems and semi-transparent or bifacial PV modules to maximize
efficiency for both energy and crop yields are important.

The role of systematic irrigation systems to prevent damage to PV structures and ensure sustainable
water use is important. The importance of balancing sunlight exposure between crops and panels to
optimize both agricultural and energy outputs is underscored. There are various AVS approaches (e.g.,
energy-focused, agriculture-focused, and integrated models) tailored to different land use scenarios,
aiming to diversify farmers' income, promote rural sustainability, and mitigate the impact of climate
change.

Results

Our analysis showcases how agrivoltaic systems (AVS) improve land-use efficiency by combining
photovoltaic solar panels with agricultural production. This integration enhances energy generation
while simultaneously benefiting agricultural activities. The study emphasizes the importance of AVS
in supporting energy transition goals and promoting rural sustainability, particularly in regions like the
European Union where policy alignment aids their implementation.

It identifies technical challenges that need addressing, such as optimizing electricity production
without compromising biodiversity or crop yields. Estimates reveal that utilizing just 1% of EU
farmland for AVS could achieve substantial photovoltaic capacity, accelerating carbon neutrality
goals. The need for strategic planning, research, and financial support to ensure successful deployment
and overcome barriers like land-use conflicts, regulatory hurdles, and acceptance among farmers is
important.

Discussion and Conclusion

There are multiple benefits of agrivoltaic systems (AVS), including improved land-use efficiency,
enhanced crop protection, reduced wind and temperature fluctuations, and optimized water use. These
systems provide a sustainable, dual-use solution for agriculture and energy production, addressing
climate change and supporting farmers' livelihoods. Innovative technologies like concentrated
photovoltaic systems (CPVs) are explored, which show potential for high-efficiency energy and crop
production through advanced light management strategies. However, challenges such as technical
barriers, regulatory uncertainties, and farmer acceptance require further research, strategic planning,
and policy support.

This study underscores the increasing global demand for food and energy, driven by population
growth, urbanization, and climate change challenges. Agrivoltaic systems (AVS) are presented as a
vital solution to address these issues by effectively combining renewable energy production with
agriculture. These systems can reduce dependence on fossil fuels, enhance food security, and support
the sustainable development of energy-water-food systems.

The study emphasizes that AVS is a win-win strategy for meeting these interconnected needs,
providing economic, environmental, and social benefits. However, successful implementation requires
overcoming obstacles such as regulatory barriers, technological limitations, and farmer acceptance. To
achieve large-scale deployment, further research, innovation, and investments are essential, along with
supportive policies and incentives. It advocates for embracing AVS as a sustainable pathway to
balance energy and food production while preserving natural resources and promoting resilience
against climate change impacts.
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