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Abstract 

Agrivoltaics, the integration of photovoltaic (PV) systems with agricultural practices, is an 

innovative approach that optimizes land use by simultaneously generating solar energy and 

cultivating crops. This dual-use system enhances land productivity, promotes renewable energy 

adoption, and supports sustainable agriculture. Agrivoltaics offers multiple benefits including 

improved microclimate conditions for crops, reduced water usage through shading, and supplemental 

income for farmers from solar energy production. By balancing energy and food security, agrivoltaics 

presents a viable solution to address the challenges of land scarcity, climate change, and rising energy 

demands, making it a promising model for sustainable rural development. 

Keywords: Dual Land Use, Photovoltaic Systems, Sustainable Agriculture, Renewable Energy, 

Microclimate Modification 

1. Introduction  

Agrivoltaics is an emerging agricultural innovation that blends crop cultivation with solar 

energy production, allowing farmers to use the same plot of land to grow food and generate 

electricity. Especially effective in arid regions like western Rajasthan, this system involves mounting 

photovoltaic (PV) panels in configurations that optimize sunlight distribution for both plants and 

panels. The panels create a shaded microclimate that lowers soil temperature, reduces evaporation, 

and improves water-use efficiency—leading to better crop resilience in harsh conditions. Suitable 

for shade-tolerant and drought-resistant crops like cumin, moth bean, and bottle gourd, agrivoltaics 

not only boosts land productivity by up to 60% but also provides a dual income stream from crop 

sales and electricity fed into the grid. With support from policy schemes like PM-KUSUM and 

growing interest in climate-smart farming, agrivoltaics presents a sustainable solution to food-

energy-water challenges while advancing key goals of integrated farming and global sustainability. 

Agrivoltaics is an innovative farming approach where crops and solar panels share the same 

land. Instead of competing, agriculture and energy production complement each other. Imagine 

growing mint, lemongrass, or tomatoes beneath rows of solar panels—while also generating clean 
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electricity for the grid or the farm itself. It’s a win-win: food and energy from the same space. As the 

world faces climate change, shrinking arable land, and rising energy demands, we must rethink how 

we use our land. Traditional farming often competes with solar energy for space. But agrivoltaics 

offers a solution: maximize land productivity, reduce carbon emissions, and ensure food security—

all while generating renewable power. It’s a sustainable step forward in a resource-limited world. 

1. Concept of agrivoltaics system: 

Agrivoltaics is a forward-thinking approach that combines two critical needs—food and 

energy—on a single piece of land. Instead of choosing between growing crops or installing solar 

panels, agrivoltaics allows us to do both at once.In this system, solar panels are installed on farmland 

at heights and angles that still let enough sunlight reach the crops underneath. This setup doesn’t just 

save space; it creates a win-win situation. The shade from the panels protects crops from extreme 

heat, reduces soil moisture loss, and even supports better growth in some cases. At the same time, 

the panels generate clean electricity that can power irrigation systems or be sold to the grid, creating 

an extra source of income for farmers. 

In water-scarce and high-temperature regions like western Rajasthan, this dual-use system is 

especially useful. The shade reduces crop stress and helps conserve water. It also tackles major land-

use conflicts by turning one piece of land into a dual-purpose solution—growing crops and 

generating power simultaneously.Agrivoltaics is more than a farming method—it's a sustainable 

development strategy. It supports climate-smart agriculture, boosts rural incomes, conserves natural 

resources, and advances India's clean energy goals. As we look to the future, this integrated model 

could redefine how we produce food and energy—together, and more efficiently. 

2. How Do Agrivoltaic Systems Work? 

Agrivoltaic setups involve placing solar panels at a height and spacing that allow sunlight to 

filter through, creating a partially shaded environment ideal for many crops. These systems can be 

fixed, adjustable, or even mobile. Some rotate to follow the sun, while others are designed to adapt 

to crop height. Smart integration ensures that panels don’t block too much light—creating balance 

between energy generation and plant needs. 

3. Types of Agrivoltaic Installations 

Agrivoltaic systems can be categorized based on how solar panels and agriculture are 

integrated. The main types include: 

a. Static (Fixed) Agrivoltaic Systems 

• Description: Solar panels are installed at a fixed angle and height. 

• Use: Best for low-growing, shade-tolerant crops like leafy greens, herbs, or root vegetables. 

• Advantages: Simple design, lower cost, easier to maintain. 

b. Dynamic (Tracking) Agrivoltaic Systems 
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• Description: Solar panels are mounted on tracking systems that follow the sun’s path. 

• Use: Crops that can tolerate shifting light patterns. 

• Advantages: Maximizes solar energy production, better light distribution throughout the day. 

• Consideration: Higher initial cost and maintenance. 

c. Elevated Agrivoltaic Systems 

• Description: Solar panels are installed 2–4 meters above ground. 

• Use: Allows cultivation of taller crops or the use of farm machinery beneath panels. 

• Examples: Tomatoes, legumes, spices, or even orchards in some designs. 

• Advantages: Dual-use with minimal interference in farming activities. 

d. Vertical Agrivoltaic Systems 

• Description: Solar panels are installed vertically (upright), often in rows. 

• Use: Useful for narrow or sloped lands and areas with limited space. 

• Advantages: Minimal ground shading, easy access for both machinery and light-loving crops. 

e. Greenhouse-Integrated Agrivoltaics (Agri-PV Greenhouses) 

• Description: Semi-transparent solar panels are used as part of greenhouse roofs. 

• Use: Ideal for high-value crops requiring controlled environments—like herbs, vegetables, 

or floriculture. 

• Advantages: Generates energy while supporting protected cultivation. 

f. Floating Agrivoltaics with Hydroponics 

• Description: Solar panels installed on water bodies, combined with hydroponic crop systems. 

• Use: Useful in regions with limited land; integrates aquaculture or floating farming. 

• Advantages: Saves land, reduces evaporation, supports food-energy-water nexus. 

g. Pasture-Based Agrivoltaics (Agro-grazing) 

• Description: Combines solar energy production with livestock grazing. 

https://www.trendsinagriculturescience.com/
mailto:trendsinagriculturescience@gmail.com


Trends in Agriculture Science  

 3901-3905 
 

 
 

           Official Website: trendsinagriculturescience.com   
                e-mail Address: trendsinagriculturescience@gmail.com  

Published: 30 July 2025 

 

Kontheti and  Sriya  

 

3904 

• Use: Common with sheep, poultry, or goats under raised panels. 

• Advantages: Reduces mowing needs, adds income from both meat/dairy and electricity. 

4. Crops Under Solar Panels 

Leafy vegetables like lettuce, spinach, and kale, which benefit from reduced heat stress and 

lower water requirements. Aromatic and spice crops like mint, thyme, basil, rosemary, lemongrass, 

and marjoram are particularly well-suited for agrivoltaic systems. These crops typically tolerate 

partial shade and thrive in microclimates with moderated heat and humidity. In fact, research shows 

that essential oil content in some of these plants improves under light shading, making them ideal 

candidates for solar-integrated farming. 

5. Key Parameters for crop selection 

To avoid the shade effect of crops on panels,  

• Crop height ˂ 0.75 m at the peak vegetative stage. 

• Dwarf in stature, creeper or spreading on the ground 

• Should not interfere with the functional ability of agrivoltaic panels 

6. Benefits for Crops and Climate 

Crops grown under solar panels often experience cooler temperatures, reduced water loss, 

and protection from extreme weather. This leads to better water-use efficiency and sometimes even 

improved yield or quality—especially for shade-loving crops. Farmers also benefit from a second 

income stream through electricity sales, reducing their dependence on uncertain market prices or 

weather risks. 

Agrivoltaics brings several direct benefits to agriculture by enhancing crop performance and 

improving farm sustainability. The partial shade from solar panels helps reduce heat stress on plants, 

which is especially valuable in hot and arid regions. It also minimizes soil moisture loss, leading to 

more efficient water use and reduced irrigation needs. These microclimate improvements can result 

in better crop yields and quality, particularly for shade-tolerant species such as leafy vegetables, 

herbs, and certain spice and aromatic crops. Additionally, agrivoltaics protects crops from extreme 

weather events like hail or heavy rain, thereby reducing crop damage and increasing resilience. By 

creating an environment that supports healthier plant growth with lower resource input, agrivoltaics 

contributes to more sustainable, climate-smart farming practices. 

7. Success Stories from the Field 

In Japan, agrivoltaics has been used to grow over 120 different crops, including herbs and 

leafy greens. In France and Italy, lavender and oregano have been successfully cultivated under PV 

panels. In India, pilot projects in states like Maharashtra and Tamil Nadu are showing promising 

results with turmeric, basil, and medicinal herbs, combining rural solar energy generation with high-

value crop farming. 
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8. Challenges and Considerations 

Despite its promise, agrivoltaics isn’t without challenges. Initial costs of installation can be 

high. Not all crops thrive under shade. Farmers may need training to adapt irrigation and planting 

techniques. Additionally, there are still policy gaps in land use, electricity buy-back rates, and access 

to financing. But with awareness and government support, these barriers can be addressed. 

9. What the Future Holds 

The future of agrivoltaics looks bright. New innovations include vertical solar panels, AI-

driven crop-light management, and retractable solar roofs that adapt to weather and plant needs. 

Governments are beginning to recognize the potential, offering subsidies and pilot schemes. 

Agrivoltaics could soon become a standard in climate-smart agriculture. 

10. Conclusion: Farming for a Brighter Tomorrow 

Solar smart farming brings together the best of two worlds: agriculture and renewable energy. 

By using our land more efficiently, we can protect our planet, empower farmers, and secure food and 

energy for future generations. It’s not just a trend—it’s the future of sustainable farming. 
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