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farming between or below the panels on land that would otherwise remain unused. Figure
2 demonstrates the central premise of agrivoltaics: to improve land-use efficiency and
sustainably enhance energy and food security.
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Review Article

Agri-Voltaics Farming System: a climate-smart technology towards sustainability

                                                                 Abstract

The synergistic combination of photovoltaic (PV) energy generation with crop cultivation on the same plot of land, known as Agri-Voltaics (AV), is a possible climate-smart solution to the dual problems of energy and food security. By 2050, it's expected that the world's food and energy needs will have increased, placing more strain on land and natural resources. To increase land-use efficiency, creative solutions like AV are needed. This dual-use system provides a number of socioeconomic, environmental, and agronomic advantages, such as increased water efficiency, better microclimates, and rural electrification. Notwithstanding the benefits, problems, including high initial costs, inconsistent crop yields in shadowed environments, and unclear regulations, still exist. With an emphasis on their role in climate resilience, sustainable development, and India's shift to a net-zero future, this analysis examines the design concepts, land equivalent ratio (LER), ongoing activities, and implementation challenges of AV systems. LER above 1 shows better land-use efficiency, typically ranging from 1.0–1.3 in mixed cropping and 1.1–1.5 in agroforestry setups. Case studies from ICAR-CAZRI indicate that crop responses to PV shading differ depending on the species and season. 
Keywords: Agri-Voltaics (AV), Climate-smart agriculture, Dual land use, Photovoltaic (PV) systems, Land-use efficiency, Food-energy-water nexus, Renewable energy, Land Equivalent Ratio (LER), Rural electrification,, KUSUM scheme, Agricultural sustainability, Climate resilience, Energy–food security
1. Introduction

       A key hurdle to improving resilience in the face of a shifting and unpredictable environment is preserving and enhancing the security of food and energy production. Population growth and urbanization have driven up the demand for food and energy; the world's need for food and energy is expected to rise by 70% and 50%, respectively, by 2050. This will put more strain on land and natural resources while demanding creative solutions for sustainable development (Barron-Gafford et al., 2019). Due to excessive heat, little rainfall, and low soil fertility, western India's arid regions, especially western Rajasthan, face significant challenges to sustainable agriculture. In these regions, farmers frequently face unpredictable crop yields and rely primarily on traditional farming practices and limited water supplies (Jat et al., 2025).
Sustainable development depends on the quick adoption of large-scale renewable energy production and food security. However, both need significant tracts of land and could fight for limited land resources if proper planning is not carried out (Trommsdorff et al., 2024). India's growing population and rising living standards may lead to increased food consumption in the coming years, placing a strain on the country's agricultural land resources. To achieve net zero in India by 2050, 55,500–77,000 km2 of land will be needed for onshore wind and solar energy (Rahman et al., 2023). 

Solar panels installed on farmland increase output per unit input by improving the microclimate for crops, decreasing soil erosion, and improving water usage efficiency, all of which raise agricultural production. A promising climate-smart technology is Agri-Voltaics (AV), an integrated technique that combines photovoltaic (PV) energy generation and agricultural output on the same piece of land. This dual-use system is a feasible approach to sustainable development since it maximizes land productivity while tackling issues with food security and renewable energy(Barron-Gafford et al., 2019). Both agricultural cultivation and photovoltaic (PV) electricity generation are considered dual uses of the land. Figure 1 shows how it is delineated. With this approach, solar infrastructure is purposefully made to support agricultural production under or in between solar panels, making use of land that would otherwise be unusable for traditional PV installations (Rahman et al., 2023).
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Fig. 1: A comparison of integrated agrivoltaics systems, ground-mounted solar, and conventional farming (Rahman et al., 2023).

2. Understanding the Agri-Voltaics System

India has been successful in fostering the optimistic mindset required to encourage investment in renewable energy over the years. In rural locations, decentralized distributed electrification of renewable energy technology offers cost-effective alternatives for supplying lighting, cooking, and productive energy requirements in addition to grid electricity. India enjoys 3000 hours of sunshine a year, or nearly constant solar radiation. 4 to 7 kWh of solar radiation per square meter is received in nearly every part of India, which is excellent for putting this concept into practice (Gadhiya & Patel, 2023).

Agri-Voltaics (AV), sometimes known as solar sharing or dual-use solar farming, is an integrated land-use system in which crops and photovoltaic (PV) panels are grown on the same piece of land. According to Dupraz et al. (2011), this idea seeks to maximize the Food-Energy-Water (FEW) nexus by improving land-use efficiency without sacrificing agricultural productivity. Typically, an AV system is made up of raised PV panels that are positioned to let in enough sunlight and provide room for growing plants underneath or in between arrays. To balance crop light requirements with solar energy output, the system requires careful planning regarding panel height, tilt angle, spacing, and orientation (Gadhiya & Patel, 2023). In reality, panels are frequently positioned between two and five meters above the ground, with the spacing determined by the type of crop and the local environment (Amaducci et al., 2018).Additional parts include sensors and control systems that keep an eye on the surroundings and regulate system operation. Numerous advantages come with AV systems, including better crop resistance to heat and drought because of partial shadowing, enhanced land-use efficiency, and the possibility of rural electrification, particularly in areas with limited resources. By using less water and creating better microclimates for some crops, this dual-use strategy can improve sustainability, according to research (Valle et al., 2017; Dupraz et al., 201).
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Fig.2: Interspace vertical Agri-photovoltaic (APV) configuration featuring vertically mounted solar panels (1), elevated horizontal solar structure (2), cultivated crops (3), non-panel area (AN), and Land with limited sunlight (AL) (Center for Study of Science, Technology and Policy, n.d., p. 5).

The distance between rows of solar modules in agricultural solar panel setups is known as the interspace, and it is designed to enable agricultural operations to continue concurrently with energy production. Panels are arranged in horizontal rows with vast spaces between them in the inter-row south design (height < 2.1 m), which allows crops to grow in the spaces between and allows huge farming equipment to move freely. An alternate option is the interspace vertical design, which involves erecting panels on poles around the edge of agricultural fields in the shape of walls with enough spaces between them to allow for sunlight and farming operations. By combining the production of solar energy with current agricultural methods, both configurations seek to optimize land use efficiency (Center for Study of Science, Technology and Policy, n.d., p. 5).

LER is directly impacted by the strategic use of interspace in Agri-Voltaic (APV) systems because it enables the efficient and multiple use of land for agricultural output and solar energy generation, increasing overall productivity per unit area. Applying the LER concept to the proposed new system can be applied to any system that combines two or more forms of production on the same land unit. For an Agri-Voltaic system, the LER is defined as:

LER = (YCropping AV/ YMonocrop) + (YElectricity AV/ YElectricityPV)

Where AV stands for the mixed Agri-Voltaic system, PV for a typical PV plant, and monocropping system for the crop's sole cropping. When LER is greater than 1, the AV system exceeds the separate crop and PV array arrangement for the same land area. LERs typically range from 1.0 to 1.3 for mixed cropping systems and from 1.1 to 1.5 for agroforestry systems. A 100-ha farm's production will be on level with a 140-ha farm with different production if a mixed system is implemented, according to an LER of 1.4 (Adeh et al., 2019). Large productivity gains like these are extremely appealing and account for the present trend of mixed systems research. They are explained by the mixed system's improved resource utilization, which comes from complementarity in resource requirements as well as facilitation processes where one element gains an advantage over the other. When a legume plant provides fixed nitrogen to a non-fixing species in mixed cropping systems, this is a common facilitation mechanism. LERs would likely be lower in a system that combines a winter crop with a summer crop in the same year, since the monocrop system would use more radiation. Lower LERs would also be the outcome of a system that only included a summer crop, since there would be intense competition for radiation, and the crops wouldn't use the winter radiation that the panels didn't catch. In that scenario, the winter crop should be removed from the AV system to recalculate the LERs. Additionally, this would lower the system's true LER. As a result, our LER estimates are most likely in the neighbourhood of the highest LERs that are achievable (Adeh et al., 2019; Dupraz et al., 2011).
3. Benefits and Challenges of Agri-Voltaics Implementation:
By combining photovoltaic (PV) energy generation with food production on the same piece of land, Agri-Voltaics (AV) offers a revolutionary approach to sustainable agriculture. This dual-use system addresses critical issues related to energy access, agricultural productivity, and climate resilience, while also enhancing land-use efficiency. The many advantages of AV systems extend into the social, economic, and environmental spheres. Meanwhile, compared to traditional PV systems, the initial capital cost can range from 20% to 40% higher, as elevated structures and unique designs are required (Gadhiya & Patel, 2023). Furthermore, too much shade can reduce the productivity of some light-intensive crops, such as wheat and maize, by as much as 30% (Amaducci et al., 2018). Additional obstacles to implementation include technical difficulties with crop selection and system maintenance, a lack of policy support, and legislative ambiguities, such as land classification problems in India (Rahman et al., 2023).
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Fig. 3: A comparison of integrated Agri-Voltaic systems and typical separate farming demonstrates an efficiency improvement of over 60% when crops and solar energy are produced on the same land area (Gadhiya & Patel, 2023).

The upper diagram illustrates conventional separate land use: one hectare for 100% crop yield (wheat) and one hectare for 100% solar electricity. The lower diagram shows a combined Agri-Voltaic approach where each hectare supports 80% wheat yield and 80% solar electricity, increasing land use efficiency by over 60% (Gadhiya & Patel, 2023).
Table 1: Agrivoltaics for Climate-Smart Agriculture: Benefits and Challenges:
	Benefits
	Challenges

	As illustrated in Figure 2, the main advantage of agrivoltaics compared to farming or generating electricity alone is an increase in land-use efficiency, which results in a higher total output from a given piece of land.


	According to several studies, higher land-use efficiency is indicated by LER values larger than one. However, LER evaluates the yields for energy and agriculture equally. Increases in the other could offset reductions in one. Agrivoltaics installations on fertile land, for example, may drastically lower crop yields, but, via improved power output, the LER may exceed one (Gonocruz et al., 2021; Guerin, 2019).



	An integrated strategy may result in a compensated revenue stream.


	Panels might be somewhat costly; therefore, the initial investment will be higher.



	Utilizing land for agriculture reduces the financial burden of maintaining unused areas.
	According to several reports, electrical infrastructure and potential disruptions to regular agricultural activities have generated worries about farmer safety, even though agricultural use may help lower land upkeep expenses(SolarPower Europe, 2021).

	Although sun-loving crops like maize may grow more slowly under panels, AV has shown increased yields in shade-tolerant vegetables like spinach and lettuce.


	Wide variability in results is shown by the yield impact. Legumes and leafy vegetables boost yields, but cereals like wheat and rice significantly reduce yields, and the majority of other crops provide a range of outcomes(Rahman et al., 2023).



	Crop defence against meteorological threats, including hailstorms, and a reduction in dust accumulation and erosion on the panel.


	Uncertainties such as extreme weather events, including hailstorms, may pose a risk of damage to solar panels and associated equipment.

	Crops may increase panel efficiency by creating a cooler microclimate.


	Not much research has been done on the effect of the PV panel's operating temperature and efficiency.




4. Agri-Voltaics in India
Due to the combined pressure of rising food and energy demands, Agri-Voltaics (AV), or the simultaneous use of land for both solar energy generation and agriculture, is becoming more and more popular in India. India has enormous potential for AV systems due to its large agricultural land base (more than 150 million hectares) and strong solar insolation (4–7 kWh/m²/day). They enable the generation of electricity without disrupting farming, which is essential in an agrarian economy with a high population density (Anand et al., 2021).
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Fig.4: Strategic Pillars define the Spectrum and Effects of Agri-Voltaics.

Center for Study of Science, Technology and Policy (CSTEP) (n.d. p. 5) discusses agrivoltaics in India as it is endowed with around 300 days of sunshine and 4 to 7 kWh of solar radiation per square meter every day. This strengthens the case for investigating every conceivable usage of solar photovoltaics. Given the agriculture sector's significant GDP contribution and wide geographic coverage, solar energy is naturally applicable in this industry. The use of this new technology in rural India, however, will be limited by local community-appropriate commercial frameworks and regulatory frameworks. Other elements that have been shown to probably influence APV's uptake in India are as follows:

· Regulation and policy frameworks 

·  Modifications to land use patterns, which are intrinsically associated with advantages for farmers

·  Farmers' macroeconomic factors 

· Socio-cultural structures

Fig.5: Estimated Solar Potential on Agricultural Land in India (Adeh et al., 2019; Khatter, 2025).
As a result, current policy initiatives like Kisan Urja Suraksha evam Utthaan Mahabhiyan (KUSUM), which concentrates on solar PV systems in agriculture, are important facilitators of APV technology in India (Shukla et al., 2022). APV can help with the solarization of agricultural feeder programs. Dual-use land utilization with food production and power generation is also widely desired by farmers in this agricultural economy, and it may play a significant role in facilitating the adoption of APV systems(CSTEP, n.d., p. 6). According to early research on APV technology in India, several pilot APV projects are now underway. When these projects are examined more closely, fundamental assumptions about technology characteristics, equipment, pricing, supplier readiness, and off-taker buy-in are revealed. With this knowledge in mind, and following three APV technology types were chosen as the most appropriate after many talks with important program stakeholders, with an emphasis on rapid technology adoption (CSTEP, n.d., p. 6). These comprised: 

· Overhead E-W facing, higher than 2.1 m 

· Overhead, N-S facing, height >2.1 m 

· Vertical sunlight and interrow spacing.

Since agrivoltaics is a novel idea in India, support systems would be needed to promote its uptake by pertinent parties. This supports India's carbon reduction and net-zero goals. An evaluation of the technological capacity of regions appropriate for APV at the national level can aid in drawing attention. Developers, governmental organizations, and policymakers may make decisions more quickly, lower market risks, and eliminate technological uncertainty by presenting this information in an approachable and flexible manner, much like an online solar rooftop calculator (CSTEP, n.d., p. 6). 

India has a revolutionary chance to combine conventional agriculture and sustainable energy production through agrivoltaics. APV systems are a forward-thinking strategy that tackles several developmental objectives in a single, integrated model as the nation strives to reach its renewable energy targets while maintaining food and water security (CSTEP, n.d.).
4.1 Current Agri-Voltaic (APV) Initiatives in India

Recently, India has started researching agrivoltaics (APV) as a creative way to address the problems of land scarcity and the rising need for renewable energy. In line with India's larger goals for sustainable development and climate change, APV systems allow land to be used for both solar energy generation and agricultural cultivation (Pulipaka et al., 2021). The technical feasibility of APV systems has been demonstrated by many pilot projects that have been carried out in various agroclimatic zones. These usually consist of elevated or divided solar panel structures that provide enough sunshine into the crops below without seriously reducing agricultural output (Mahto et al., 2021).

According to preliminary research, these structures, especially in dry and semi-arid areas, can provide beneficial microclimates by lowering ground temperatures, limiting soil moisture loss, and providing some shelter from extreme weather(ICAR-CAZRI, 2020). Additionally, new agricultural practices like the choice of crops that tolerate shade, improved irrigation methods, and adjusted planting schedules have been brought about by India's adoption of APV systems. These modifications not only increase APV's effectiveness but also boost resource efficiency and agricultural resilience (Mahto et al., 2021). Large-scale deployment is still prohibited despite these promising advancements. High capital expenditure, a shortage of standardized design principles, and a lack of adequate policy frameworks to assist farmers and developers are some of the primary challenges (NSEFI, 2020). However, there is a good chance that APV will play a significant role in India's land use and energy strategy in the years to come, given the increased interest from academic institutions, governmental organizations, and the corporate sector. Some of the current APV systems are listed below in tabular form, along with the name of the project (Shukla et al., 2022).

 Table 2: Overview of Agri-Voltaic Projects in India: Key Details on Project Name, Developer, Location, System Type, and Crops Cultivated (Pulipaka et al., 2021).
	Sl. no.
	Name of the Project
	Project Developer
	State, City
	Agri-Voltaic type
	Crops Cultivated

	1
	Junagadh Agriculture University Plant
	Junagadh Agriculture University
	Gujarat, Junagadh
	Overhead tilted
	Tomato, Capsicum, Cotton

	2
	Solar-Agri Electric Model Project
	Abellon Clean Energy Ltd
	Gujarat, Aravalli (Sardoi)
	Interspaced
	Watermelon, lady finger, bottle gourd, ginger, turmeric, and chilli



	3
	Clean Solar Pvt. Ltd, Tandur
	Mahindra Susten
	Telangana, Tandur
	Interspace
	Lemon grass, Brinjal, Lady finger, Chilies, Onions

	4
	Jain Irrigation Banana Pilot
	Jain Irrigation
	Maharashtra, Jalgaon
	Overhead stilted
	Banana, Maize (experimental)

	5
	Vertical APV Pilot – NISE
	National Institute of Solar Energy (NISE)
	Haryana, Gurgaon
	Vertical installation
	Not specified

	6
	KVK Ujwa Solar Farm
	KVK (NHRDF) & Oakridge Energy
	Delhi, Ujwa
	Elevated structure
	Okra, Tomato, Brinjal, Capsicum, Leafy & Root vegetables

	7
	Residential Agri-PV Rooftop
	Hinren Engineering Pvt. Ltd.
	Karnataka, Bangalore
	Elevated – rooftop
	Tomato, Cauliflower, Spinach, Lemon, Basil, etc.

	8
	Sandhwani Solar Power Plant
	Individual Farmer
	Himachal Pradesh, Jahu
	Interspace & Under-panel
	Eggplant, Cabbage, Onion, Chilli, Lady finger, Turmeric

	9
	Indra Solar Farm
	Navin Khare / Khare Energy
	Madhya Pradesh, Khargapur
	Elevated + Polyhouse
	Wheat, Lentils, Green & Red gram, Peanuts

	10
	Amrol Distributed Solar Power Project
	GIPCL
	Gujarat
	Amrol
	Interspace/Overhead Hybrid

	11
	GSECL STPS Solar Plant
	Gujarat State Electricity Corporation Ltd. (GSECL)
	Gujarat
	Jamnagar
	Interspace/Overhead

	12
	Agri-based Solar Power Plant
	Gujarat State Electricity Corporation Ltd. (GSECL)
	Gujarat
	Kutch
	Interspace/Overhead

	13
	GIPCL Plant in Vastan
	Gujarat Industries Power Company Ltd. (GIPCL)
	Gujarat
	Surat
	Interspace/Overhead

	14
	CAZRI Agrivoltaic Plant
	Central Arid Zone Research Institute (CAZRI)
	Rajasthan
	Jodhpur
	Interspace/Below Panel

	15
	Amity University Agrivoltaic Plant
	Amity University
	Uttar Pradesh
	Noida
	Overhead

	16
	Indra Solar Farm
	Khare Energy Pvt. Ltd.
	Madhya Pradesh
	Khargapur
	Elevated (12 ft)

	17
	Adarsh Jeevan Agrivoltaic Farm
	Khare Energy Pvt. Ltd.
	Madhya Pradesh
	Sagar
	Elevated (12 ft)

	18
	7 MW Agrivoltaic Plant in Dhule
	Gro Solar Energy Pvt. Ltd.
	Maharashtra
	Dhule
	Interspace

	19
	Sahyadri Farms Agrivoltaic Site
	Sahyadri Farms
	Maharashtra
	Nashik
	Elevated (4 m)

	20
	Amrol Distributed Solar Power Project
	GIPCL

	Gujarat
	Amrol
	Interspace/Overhead Hybrid


The current agrivoltaics plants in India can be grouped according to several parameters upon closer examination. These standards are examined in this section to provide a methodical examination of the Indian agrivoltaics industry.

Fig. 6: Types of projects in India (Pulipaka et al., 2021).
Gujarat, which is recognized as the first state in the nation to investigate agrivoltaics as a concept on a larger scale, is home to about half of the plants. Both Maharashtra-based Systems Limited (JISL) and others are recognized as the forerunners of agrivoltaics in India. Since then, other firms have contributed to the development of India's agrivoltaics industry. Three distinct plant types are now in operation in India: commercial initiatives created by private organizations, government-supported programs, and projects with an emphasis on research and development (Pulipaka et al., 2021).
5. Case Studies: Real-World Success in Agri-Voltaics Farming

One of India's first Agri-Voltaic systems was installed at the Central Arid Zone Research Institute (CAZRI) in Jodhpur, Rajasthan. This marked a critical turning point in the convergence of sustainable agriculture with renewable energy. This pilot project, which was created especially for arid and semi-arid areas, supports crop cultivation and solar energy production on the same piece of land to maximize land use. Installing raised solar photovoltaic (PV) panels is part of the system. These panels not only provide electricity but also partially shade the crops below, reducing evapotranspiration and soil moisture loss, a significant benefit in water-scarce settings. As a platform for study and demonstration, CAZRI's Agri-Voltaic model examines crop choices, growth patterns under solar panels, and the feasibility of dual land use from an economic standpoint. By encouraging energy security, agricultural production, and climate resilience, the knowledge gathered from this project is crucial in creating policies and practices for sustainable development in India's arid regions (Santra et al., 2018).
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Fig. 7: Bird's Eye view of CAZRI Agrivoltaic system (Santra et al., 2018; Poonia et al., 2021).
In arid areas, the ICAR-CAZRI Agrivoltaic system has been crucial in assessing the performance of various crops under partial shadowing conditions produced by photovoltaic (PV) modules. Season and crop type affect how shade affects a crop.
PV module shade did not affect the development and yield of Vigna radiata (green gram) during the Kharif season. Other Kharif crops that were evaluated, however, showed sensitivity to shade, suggesting that species-specific characteristics affect resilience to Agri-Voltaic circumstances (Santra et al., 2018). On the other hand, when planted in the shaded zones, Rabi crops like Plantago ovata (psyllium) and Cuminum cyminum (cumin) had notable declines in growth and production. This implies that certain crops might need full sun and shouldn't be grown directly under photovoltaic panels.

Solanum melongena, also known as eggplant or brinjal, showed significant declines in growth and yield when grown in the shaded areas of the system. This demonstrates that, rather than growing immediately beneath the panels, crops that need a lot of sunshine to be productive might do better in the Agri-Voltaic array's interspaces or edge zones (Poonia et al., 2021).

It's interesting to note that medicinal crops adapted to the Agri-Voltaic architecture better. In comparison to control plots, they performed better in the interspaces between PV rows, most likely as a result of less environmental stress and a milder microclimate(Santra et al., 2018).

Table 3: Economics of APV System of CAZRI, in Jodhpur, Rajasthan (Santra et al., 2018).
	Sl. No.
	Commodities
	Value

	1
	Area
	1 ha

	2
	The dual row model's load capacity
	400 kWp

	3
	Amount spent  for the replacement cost of the inverter (once in the life cycle) (Rs 6/Watt of inverter)
	Rs 30,00,000/-

	4
	Money  for repair and maintenance costs (@0.1% of initial investment)
	Rs 16,800/-

	5
	Life span
	25 years

	6
	Money spent on a ground-mounted photovoltaic system (Rs 42,000/kWp)


	Rs 1,68,00,000/-

	7
	Cash outflow for crop cultivation (Moong bean during kharif and Isabgol during rabi)
	Rs 52,450/-

	8
	Annual generation (@4 kWh/day/kWp with 1% decrease per year)
	5,84,000 kWh

	9
	Price of electricity sold (Rs/kWh)


	Rs 4 – 6/kWh

	10
	Rate of return within the company


	16%

	11
	Revenue from the PV component (Rs/ha/y)
	Rs 29,20,000/-

	12
	Revenue from crop component (Moong bean and isabgol) (Rs/ha/y)
	Rs 80,349/-

	13
	Simple payback duration
	5.87 years

	14
	Discounted payback duration
	10.40 years

	15
	Value of net present with a 10% discount rate
	Rs 70,15,128/-


From the above table proposed by Santra et al., 2018, observed that by using a 400 kWp system, the Agri-Voltaic System (Double Row Model) integrates agricultural production over a 1-hectare area with solar energy generation. The significant investment, which has a 25-year lifespan, consists of Rs 30 lakh for the replacement of the inverter and Rs 1.68 crore for the PV system. 5.84 lakh kWh of energy is generated annually and sold for Rs 5 per kWh, generating a substantial profit. The growing of crops, namely Isabgol and Moong beans, provides additional revenue. With an internal rate of return (IRR) of 16%, a discounted payback period of 10.4 years, and a simple payback period of 5.87 years, the system is a sustainable and economically feasible option for integrated farming and the production of renewable energy.
5.1 Relevance and Impact
It offers a climate-resilient model that serves the objectives of renewable energy and sustainable agriculture by combining solar power generation with crop cultivation. This system is a strong contender for broader replication under national renewable energy efforts since it supports the goals of the PM-KUSUM scheme (Ministry of New and Renewable Energy, 2023). Furthermore, by lowering soil evaporation, the shaded regions beneath the solar panels improve agricultural viability in difficult conditions and help conserve water (Santra et al., 2018). The expensive initial capital investment is a major obstacle in the absence of subsidies. Furthermore, crop-specific research is needed to understand the microclimatic impacts of shadow, and cooperation between the energy and agricultural sectors is necessary for successful implementation.

6. Conclusion
Agri-Voltaics (AV) offers a viable way to address the twin problems of growing energy and food demands while pursuing sustainable development. site-use efficiency, climate resilience, and potential solutions to energy and food security challenges are all improved by this unique system, which combines photovoltaic energy generation with agricultural production on the same site. AV systems are unique in that they may provide renewable energy while also increasing crop productivity through microclimatic advantages, including improved soil moisture retention and decreased evapotranspiration. In areas like India, where there is an abundance of agricultural land and solar radiation, the technology has enormous promise despite the large initial capital investment and obstacles like crop-specific research and governmental impediments. Early case studies and pilot programs, like those carried out in Rajasthan, show the feasibility and advantages of AV in arid and semi-arid areas, providing important information for broader implementation. When combined with supportive policies and strategic partnerships between the agricultural and energy sectors, agrivoltaics presents a way to optimize land productivity, meet rising food and energy demands, and create climate resilience as India continues to work toward its renewable energy and agricultural sustainability goals.
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