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Abstract 

The scarcity of non-renewable energy sources and the environmental problems they cause have emphasized the 

need for new renewable energy supply alternatives. Clean energy sources are those that use renewable 

technologies. Based on present and projected economic and societal needs, their ideal use has the least negative 

effects on the environment, produces the fewest secondary wastes, and is sustainable. Among all available 

renewable energy sources, solar energy is the least pollutive to the environment, cost-effective, and reproducible 

at the house level. It makes solar energy most attractive to the general masses and for production. As the world 

moves towards environmental protection, it would appear to be the ideal time to adopt green-friendly solar 

energy alternatives. It will not only prevent the depletion of energy sources but also make the world green and 

clean. The solar energy market in India is expanding rapidly. As on 31 January 2023, the country's solar 

installed capacity was 63.89 GW, whereas the total electricity produced is 411.64 GW which reflects a smaller 

and improvable proportion. 

Pumping water is regarded as a common necessity throughout the world. Irrigation is a well-established method 

on many farms and is cultivated globally at various levels. It permits crop diversification while increasing crop 

yields. In India, for farm irrigation, conventional energy sources are being used, which include mainly electric 

motors and generators that run on fuel or power supply from electrical grids. Such dependency is a major 

hindrance to the growth of the agriculture industry; thus, the paper explores the suitability of Solar Photovoltaic 

(SPV) powered options to pump water for farming purposes. Recent advances in solar photovoltaic technology 

are paving the way for such alternate solutions. The exploratory analysis of literature has indicated that SPV 

pumps are also the best way to get water to remote areas that aren't connected to the power grid. This kind of 

energy also eliminates the irregular supply problems too. Such a solar-powered automated irrigation system 

offers an environmentally friendly method of increasing the effectiveness of water use in agricultural fields by 

using a system of renewable energy that does not require canal irrigation. This is the proposed answer to the 

energy problems faced by Indian farmers. This kind of field irrigation is simple to set up and gentle on the 

environment, that conserves energy by decreasing grid power consumption. 
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INTRODUCTION 

The Indian economy is one of the largest in the world, which is a well-known fact. The agriculture sector makes 

the most contribution to the development of the country out of all the other economic sectors in India. Both 

industrialised and developing nations are seeing an increase in energy-land integration. Demands for food, 

water, and energy have increased as a result of societal challenges like the effects of climate change, the need to 

expand clean energy production and reduce emissions, as well as fast population growth and economic 

expansion. These issues are being addressed by the general increase in renewable energy sources (wind, sun, 

geothermal, biomass, and hydropower), as well as their developing potential for application in agriculture (Al-
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Saidi & Lahham, 2019; Chel & Kaushik, 2011; Xue, 2017). At the same time, the competitive advantages of 

renewables in agriculture and state efforts to improve water, energy, or food security make it easier to combine 

energy use and land use (Al-Saidi & Lahham, 2019; Renewable Energy Agency, 2015). Renewable energy 

development has been stimulated by international agreements such as the Paris Agreement of 2015, as well as 

by the need to decarbonize economies and reduce global CO2 emissions. These sources are replacing existing 

energy sources and supplying power to vital economic sectors in developing nations. For example, the 

renewable electricity capacity in India will treble between 2016 and 2022 (Kanna et al., 2020b; IEA, 2017).  

There are many different types of energy in the universe, but solar energy is one of the most abundant. Solar 

power not only helps with our current energy crisis but also helps reduce pollution. One efficient use of solar 

energy is in photovoltaic generation (Kanna et al., 2020b; Raja Singh et al., 2020). Farmers in India have the 

option of employing solar-powered irrigation systems to handle their agricultural activities in order to address 

the country's present energy crisis. After making an initial investment, it is the best method to create energy in 

an environmentally responsible way (Keerthi Vardhan et al., n.d.)The use of solar energy for irrigation is a 

potential alternative to conventional water pumping systems reliant on grid power and diesel because the 

pumping requirements of urban water supply and agriculture are influenced by electricity shortages and high 

diesel costs. The vast majority of nations' goals in the environmental and economic sectors have recently 

focused on clean and renewable energies. The agricultural industry is the foundation of the Indian economy, and 

as the population grows, so does the demand for water. Water extraction and transportation for drinking and 

agriculture result in substantial energy consumption. Utilizing solar energy, which is abundant and virtually free, 

to give electricity to all sectors, particularly the irrigation industry, is one of the finest choices. There is a 

considerable amount of solar radiation from the sun during the growing season of crops, when water pumping is 

frequently necessary (Kanna et al., 2020a).  

SCOPE OF RENEWABLE ENERGY IN FARMING SECTOR 

According to estimations, India has a potential for 900 GW of economically viable renewable energy. There is 

about 800 MW of solar power potential, 104 GW of wind power potential at 80-meter tower height, 25 GW of 

biofuel potential, and the rest of the potential is for other renewable energies (Mamta Shukla et al., 2022a). Solar 

energy has the potential to be a game changer for the farming sector, adding value in a variety of ways, 

including conserving valuable water supply, minimizing grid dependence and electricity expenses over time, and 

perhaps even generating some supplementary revenue. Despite the fact that solar energy has been used in the 

farming sector since the dawn of civilization, there is an increase in demand for its use in broader applications 

across several sectors. 



Vol-9 Issue-2 2023               IJARIIE-ISSN(O)-2395-4396 
    

19313  ijariie.com 21 

 

Fig-1: State wise installed capacity of renewable power as on 31.12.2022 (Ministry of new and Renewable 

Energy) 

SOLAR PHOTOVOLTAIC WATER PUMPING SYSTEM (SPVWPS) FOR FARM 

IRRIGATION 

Pumping for a wide range of tasks, particularly for water irrigation in agricultural areas, uses photovoltaic 

energy. Additionally, it can be used for bug control, fencing, illumination for cattle, and refrigerating fruits and 

vegetables. Only those activities that require a minimal power input can utilise the strategies employed in the 

PV system. They are inappropriate for high-powered agricultural processing and other sectors that consume a lot 

of power, such as rice mills (Singh et al., 2020). Farmers currently find it challenging to water their plants to 

keep their produce green under the blazing sun. Because of their erroneous beliefs that power is easily 

accessible, they endure negative consequences. One solution to this issue is the solar pumping system. The 

electric “solar panels, pump controller, submersible pump, converter, storage tank, and rechargeable battery” are 

typically the primary components of a solar pumping system. PVWPS (Photovoltaic water pumping systems) 

harness the sun's rays and transform them into electricity to run the pump. Technology that uses solar energy to 

pump water could one day replace systems that use conventional fuels like gasoline, diesel, or electricity, due to 

its low cost and environmental friendliness. Solar pumping devices can collect water from a source even in the 

absence of an electricity supply (a river, basin, well, etc.). These systems are typically used to supply drinking 

water, agriculture, or to fill reservoirs in the most inaccessible places. In addition to irrigation, PV systems can 

be used for drinking water delivery, water purification, and desalination. It is critical to have access to clean 

water, yet in some underdeveloped countries, this benefit is not always available. Furthermore, many rural 

regions lack access to a centralised infrastructure for supplying drinking water. In these instances, SPVWP 

(solar PV water pumping) technology may be an excellent option (Mamta Shukla et al., 2022b). Irrigation is 

becoming more important as the global population continues to grow and more food must be produced to feed 
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everyone. However, freshwater resources are becoming depleted as the climate changes, making increased food 

production more difficult. Irrigation pumping needs, for both small and large farmers, are impacted by high 

diesel and electricity costs and frequently unstable energy supplies. In many remote regions, power from the 

grid is either not available or is only supplied intermittently. Compared to the use of electricity or diesel-

powered pumps, the use of solar energy to move irrigation water holds great potential. Water pumps that use 

either a direct current (DC) or an alternating current (AC) motor can be powered by the sun using photovoltaic 

(PV) technology (Hartung, n.d.).  

Fig-2: Solar water pumping system (Kanna et al., 2020b) 

FUTURE OF AGRICULTURE AND FARMING SECTOR IN INDIA USING RENEWABLE 

ENERGY  

Solar PV pumping systems are being installed all over the country with 70–80% government assistance because 

of the hefty installation costs. For instance, it costs about Rs 3 lakh and Rs 5 lakh, respectively, to install solar 

PV pumping systems of 3 HP and 5 HP on a farmer's land. Beneficial farmers are successfully employing these 

pumps to irrigate mainly horticultural crops. Farmers are eager to install the system on their fields, but fewer 

people are receiving benefits under a government subsidy programme than expected. Ultimately, as groundwater 

depth increases, the size of the solar PV modules in a solar PV pumping unit increase. Because PV modules 

account for the majority of the cost of a solar PV pumping system, the overall cost of pumping groundwater 

rises as the depth of the groundwater increases. A recently launched programme called KUSUM (Kisan Urja 

Suraksha Evam Utthaan Mahaabhiyan) seeks to install 10,000 MW of solar farming systems across the country. 

In addition, it is required to evaluate the performance of acceptable crops for Agri-voltaic methods used in 

various ecological regions. India is ranked fifth globally for the installation of all wind energy but tenth globally 

for solar photovoltaic systems. Approximately 1.8 x 1011 MW of solar energy is blocked by the earth. 

Consequently, one of the most potential unconventional energy sources is the vast bulk of our country's territory, 

which receives solar radiation every day of the year. India receives roughly 1800 J/cm2 of solar radiation on 

average per day on a yearly basis. Many agricultural goods have traditionally been dried in the sunlight (Mamta 

Shukla et al., 2022b). 

 

CONCLUSION 

The only clear answer to the non-renewable energy challenge is to identify sustainable energy sources to replace 

today's declining quantities of cheaply accessible fossil fuels. Solar energy is the only completely renewable 

energy source, at least for the near future. Many different things can generate renewable solar energy, such as 

wind turbines, falling water, solar collectors, and photovoltaic cells. Green plants are by far the most frequent 

type of solar energy collector. After all, the fossil fuels we use today were initially captured by plants. It is 

reasonable to think of agriculture as a significant source of renewable energy as a result (Mamta Shukla et al., 

2022b). The majority of Indian farmers today use solar energy for their agricultural fields' irrigation needs, 
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notably in the water sector. However, farmers do not consider the generating and operating costs of both systems 

and believe that the initial cost of SPVWPS (solar photovoltaic water pumping systems) is higher than that of 

diesel water pump systems. The SWPS (solar water pump system) PV array, which may be used to generate 

energy when irrigation is not necessary, is one of its most important components. Marginal farmers that use 

landholding arrangements can readily satisfy their irrigation water needs using solar water pumping equipment. 

In India, pump sets are increasingly being used as a result of the country's consistently rising fuel prices. The use 

of a solar water pump system reduces the need for diesel. Solar technology is being used more and more in 

agriculture by a wide range of people with different goals. This could help reduce greenhouse gas emissions in 

an industry that is under pressure to cut pollution (Lefore et al., 2021; Renewable Energy Agency, 2015). 

REFERENCES 

Al-Saidi, M., & Lahham, N. (2019). Solar energy farming as a development innovation for vulnerable water 

basins. Development in Practice, 29(5), 619–634. https://doi.org/10.1080/09614524.2019.1600659 

Chel, A., & Kaushik, G. (2011). Renewable energy for sustainable agriculture. In Agronomy for Sustainable 

Development (Vol. 31, Issue 1, pp. 91–118). https://doi.org/10.1051/agro/2010029 

Hartung, H. (n.d.). The benefits and risks of solar-powered irrigation-a global overview Published by the Food 

and Agriculture Organization of the United Nations and Deutsche Gesellschaft für Internationale 

Zusammenarbeit. www.fao.org/publications 

Kanna, R. R., Baranidharan, M., Raja Singh, R., & Indragandhi, V. (2020a). Solar Energy Application in Indian 

Irrigation System. IOP Conference Series: Materials Science and Engineering, 937(1). 

https://doi.org/10.1088/1757-899X/937/1/012016 

Kanna, R. R., Baranidharan, M., Raja Singh, R., & Indragandhi, V. (2020b). Solar Energy Application in Indian 

Irrigation System. IOP Conference Series: Materials Science and Engineering, 937(1). 

https://doi.org/10.1088/1757-899X/937/1/012016 

Keerthi Vardhan, B., Singh, R. R., & Banumathi, S. (n.d.). Implementation of a DC Micro-grid for House Hold 

Applications. 

Lefore, N., Closas, A., & Schmitter, P. (2021). Solar for all: A framework to deliver inclusive and environmentally 

sustainable solar irrigation for smallholder agriculture. Energy Policy, 154. 

https://doi.org/10.1016/j.enpol.2021.112313 

Mamta Shukla, E., Ahmad Wani, M., Ahmad Hajam, M., District, S., & Asif Mohi Ud Din Rather, K. (2022a). 

Agriculture Science: Research and Review Volume VII. https://www.bhumipublishing.com/books/ 

Mamta Shukla, E., Ahmad Wani, M., Ahmad Hajam, M., District, S., & Asif Mohi Ud Din Rather, K. (2022b). 

Agriculture Science: Research and Review Volume VII. https://www.bhumipublishing.com/books/ 

Raja Singh, R., Yash, S. M., Shubham, S. C., Indragandhi, V., Vijayakumar, V., Saravanan, P., & 

Subramaniyaswamy, V. (2020). IoT embedded cloud-based intelligent power quality monitoring system 

for industrial drive application. Future Generation Computer Systems, 112, 884–898. 

https://doi.org/10.1016/j.future.2020.06.032 

Renewable Energy Agency, I. (2015). Renewable Energy in the Water, Energy and Food Nexus. www.irena.org 

Singh, D. B., Mahajan, A., Devli, D., Bharti, K., Kandari, S., & Mittal, G. (2020). A mini review on solar energy 

based pumping system for irrigation. Materials Today: Proceedings, 43, 417–425. 

https://doi.org/10.1016/j.matpr.2020.11.716 

Xue, J. (2017). Photovoltaic agriculture - New opportunity for photovoltaic applications in China. In Renewable 

and Sustainable Energy Reviews (Vol. 73, pp. 1–9). Elsevier Ltd. 

https://doi.org/10.1016/j.rser.2017.01.098 

https://powermin.gov.in/en/content/power-sector-glance-all-india 

https://doi.org/10.1016/j.rser.2017.01.098
https://powermin.gov.in/en/content/power-sector-glance-all-india


Vol-9 Issue-2 2023               IJARIIE-ISSN(O)-2395-4396 
    

19313  ijariie.com 24 

https://mnre.gov.in/the-ministry/physical-progress  

 

https://mnre.gov.in/the-ministry/physical-progress

