
 

_____________________________________________________________________________________________________ 
 
++ Professor; 
# Assistant Professor; 
† Student; 
‡ Research Scholar; 
^ Agronomist; 
*Corresponding author: E-mail: belagallraj@gmail.com; 
 
Cite as: Karanjikar, Prashant N., Mamta J. Patange, Godavari, Ningaraj Belagalla, Vinay Negi, Somashekar KS, and Pooja 
Bisht. 2024. “Integration of Renewable Energy Solutions in Agricultural Operations”. Journal of Geography, Environment and 
Earth Science International 28 (11):23-34. https://doi.org/10.9734/jgeesi/2024/v28i11835. 
 

 
 

Journal of Geography, Environment and Earth Science 
International 
 
Volume 28, Issue 11, Page 23-34, 2024; Article no.JGEESI.121963 
ISSN: 2454-7352 

 
 

 

Integration of Renewable Energy 
Solutions in Agricultural Operations 

 
Prashant N. Karanjikar a++, Mamta J. Patange a#,  

Godavari b†, Ningaraj Belagalla c#*, Vinay Negi d‡,  

Somashekar KS e^ and Pooja Bisht f‡ 
 

a Department of Agronomy, VNMKV, Parbhani (MS), India. 
b Division of Entomology, ICAR IARI, New Delhi-110012, India. 

c Department of Entomology, School of Agriculture, SR University, Warangal, TS, India. 
d Department of Sociology, University of SSJU, Almora, India. 

e AICRP on Sunflower, UAS, GKVK, Bangalore-65, India. 
f Department of Geology, SRT Campus, HNBGU, Srinagar, India. 

 
Authors’ contributions 

 
This work was carried out in collaboration among all authors. All authors read and approved the final 

manuscript. 
 

Article Information 
 

DOI: https://doi.org/10.9734/jgeesi/2024/v28i11835  
 

Open Peer Review History: 
This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers,  

peer review comments, different versions of the manuscript, comments of the editors, etc are available here: 
https://www.sdiarticle5.com/review-history/121963  

 
 

Received: 14/08/2024 
Accepted: 16/10/2024 
Published: 23/10/2024 

 
 

ABSTRACT 
 

The integration of renewable energy solutions in agricultural operations presents a transformative 
approach to enhancing sustainability, reducing greenhouse gas emissions, and improving the 
economic viability of farming practices and explores the various renewable energy technologies 
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applicable to agriculture, including solar, wind, biomass, and biogas energy solutions. Each 
technology is examined for its specific applications within the agricultural sector, highlighting its 
potential benefits and the challenges faced in implementation. Solar energy, through photovoltaic 
and thermal systems, offers significant potential for powering irrigation, greenhouse operations, and 
processing facilities, thereby reducing reliance on fossil fuels and grid electricity. Wind energy, with 
its ability to generate electricity through turbines, is particularly valuable in regions with consistent 
wind patterns, contributing to both onfarm energy needs and grid supply. Biomass energy, utilizing 
agricultural residues and dedicated bioenergy crops, provides a sustainable solution for heating and 
energy generation, while also addressing waste management challenges. Biogas production, 
through anaerobic digestion of organic waste, presents a dual benefit of generating renewable 
energy and improving nutrient recycling in farming systems. Government subsidies, feedin tariffs, 
research funding, and technical support play pivotal roles in encouraging farmers to transition to 
renewable energy sources. Case studies from various regions illustrate the practical 
implementation of these technologies, demonstrating their impact on enhancing agricultural 
productivity, reducing environmental footprints, and fostering energy independence, including 
policymakers, researchers, and farmers, about the opportunities and challenges in adopting 
sustainable energy practices. The findings underscore the importance of continued innovation, 
supportive policies, and collaborative efforts to achieve a resilient and sustainable agricultural 
sector. 
 

 
Keywords: Renewable energy; agriculture; sustainability; solar energy; wind energy; biomass energy. 
 

1. INTRODUCTION 
 
Agriculture is a significant contributor to global 
greenhouse gas emissions, accounting for 
approximately 1012% of total emissions, 
primarily through activities such as soil 
cultivation, livestock production, and the use of 
synthetic fertilizers. However, the agricultural 
sector also holds tremendous potential for 
mitigating these emissions and enhancing 
environmental sustainability through the adoption 
of renewable energy technologies. The 
increasing urgency to implement sustainable 
farming practices, driven by the need to combat 
climate change and reduce dependence on fossil 
fuels, has intensified interest in integrating 
renewable energy solutions into agricultural 
operations (Dahmardeh et al. 2016, Myster 2024, 
Shrivastava and Singh 2016, Bassam 2010). 
Renewable energy technologies offer a 
multifaceted approach to transforming 
agricultural practices. They provide clean, 
sustainable energy sources that can power 
various agricultural activities, improve energy 
efficiency, and reduce the environmental impact 
of farming operations. This integration not only 
contributes to the reduction of greenhouse gas 
emissions but also enhances the economic 
viability of farming by lowering energy costs and 
creating new revenue streams (Purnima and 
Singh 2024, Fthenakis and Kim 2010, Lund et al. 
2011). This review aims to provide a 
comprehensive overview of the current state of 
renewable energy integration in agriculture. It 

explores key renewable energy technologies, 
including solar, wind, biomass, and biogas, and 
examines their specific applications within the 
agricultural sector. The review highlights the 
potential benefits these technologies offer, such 
as improved energy efficiency, reduced 
operational costs, and enhanced sustainability. It 
also addresses the challenges associated with 
their adoption, such as high initial investment 
costs, technical complexities, and the need for 
supportive policy frameworks (Taylor and 
Pogson 2012, Asma et al. 2023, Safdar et al. 
2023) both the opportunities and obstacles 
related to renewable energy integration in 
agriculture, this review seeks to inform 
stakeholders, including policymakers, 
researchers, and farmers, about the practicalities 
and benefits of adopting these technologies. 
Through a detailed examination of case studies 
and policy frameworks, the review underscores 
the importance of innovation, collaboration, and 
supportive policies in achieving a sustainable 
and resilient agricultural sector (Osuntokun et al. 
2024). The insights provided aim to guide future 
research and policy directions, fostering an 
environment conducive to the widespread 
adoption of renewable energy solutions in 
agriculture. 
 

1.1 Solar Energy 
 

Solar energy is an abundant and renewable 
resource that holds immense potential in 
revolutionizing the agricultural sector. It offers a 
wide range of applications, from powering
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Fig. 1. Solar Energy Examples | Harnessing the Power of the Sun 
Source: https://blog.feniceenergy.com/solar-energy-examples-harnessing-the-power-of-the-sun/ 

 

essential farm operations to significantly 
enhancing productivity and promoting 
sustainability. Among the primary solar energy 
systems utilized in agriculture are solar 
photovoltaic (PV) systems and solar thermal 
systems. Solar PV systems, in particular, are 
gaining traction for their ability to convert sunlight 
into electricity (Sangameshwar et al. 2020, 
Praveen et al.). This is especially useful in 
agricultural regions that struggle with unreliable 
power supplies or high energy costs. By installing 
solar-powered systems, farms can move away 
from dependence on traditional power sources, 
reducing operational costs and promoting 
environmental conservation. For instance, solar-
powered drip irrigation systems have become a 
game-changer in efficient water management, 
delivering water directly to the plant roots. This 
ensures minimal water wastage and improves 
plant growth, which is crucial for water-scarce 
regions. 
 

One of the most significant applications of solar 
energy in agriculture lies in greenhouse 
operations. Solar PV systems can be integrated 
into greenhouses to supply electricity for lighting, 
allowing farmers to extend the growing season 
and enhance crop yields (Asma et al. 2023, 
Harun et al. 2020). The use of solar-powered 
LED lights provides the necessary light spectrum 
for plant growth even during periods of low 
sunlight, ensuring year-round productivity. This 
system enables farmers to maintain optimal 
growing conditions, which is particularly 
beneficial for crops that require specific light 
levels. Solar energy also contributes to heating 
and cooling systems within greenhouses, 
ensuring that internal temperatures are regulated 

efficiently. Moreover, solar thermal systems can 
capture and store heat, which can be utilized for 
various on-farm processes, including heating 
water for livestock and cleaning. Beyond 
greenhouses and irrigation, solar energy is 
becoming an integral part of powering farm 
buildings and infrastructure. Solar panels 
installed on the roofs of barns, storage facilities, 
and processing units help to generate electricity 
that can be used for a range of operations. 
These include running equipment, providing 
lighting, and maintaining refrigeration for 
perishable goods (Mekonnen and Hoekstra 
2012, HolmNielsen et al. 2009, Kougias et al. 
2017). By harnessing solar energy, farms can 
drastically reduce their reliance on grid electricity, 
leading to significant cost savings and a more 
sustainable approach to energy consumption. As 
solar technologies continue to advance and 
become more affordable, the integration of solar 
energy into agriculture will not only contribute to 
environmental sustainability but also enhance the 
resilience of agricultural systems in the face of 
climate change and resource scarcity. 
 

2. SOLAR THERMAL SYSTEMS 
 

Solar thermal systems offer another vital 
application of solar energy in agriculture, 
particularly in the process of crop drying. This 
method plays a crucial role in preserving the 
quality and extending the shelf life of agricultural 
produce, such as fruits, vegetables, and grains. 
By using solar dryers, farmers can harness the 
sun’s natural heat to remove moisture from 
crops, significantly reducing post-harvest losses 
and maintaining the nutritional value of the 
produce (Asma et al. 2022, Hanafiah et al. 2020). 
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This eco-friendly drying technique is especially 
beneficial in areas where traditional drying 
methods, such as open-air drying, are inefficient 
or lead to contamination. Solar dryers not only 
improve food preservation but also provide a 
sustainable alternative to energy-intensive drying 
processes, contributing to cost savings and 
enhanced food security, solar thermal systems 
are widely employed for heating water in 
agriculture, which is essential for various 
operational needs such as sanitation, livestock 
care, and dairy management. For instance, solar 
water heaters can supply hot water for cleaning 
dairy equipment, which reduces the reliance on 
electricity or fossil fuels. This not only lowers 
energy costs but also supports cleaner and more 
sustainable dairy operations. Solar-heated water 
is also used in livestock care, providing 
necessary warmth and sanitation services that 
are crucial for maintaining animal health and 
productivity. By utilizing solar thermal systems for 
water heating, farms can operate more efficiently 
while reducing their environmental footprint 
(Safdar et al. 2023, Lechtenböhmer et al. 2007). 
Another significant application of solar thermal 
systems is space heating in livestock buildings, 
especially during colder seasons. Maintaining 
optimal temperatures in livestock facilities, such 
as poultry houses or barns, is essential for the 
well-being and productivity of animals. Solar air 
heaters, which convert sunlight into warm air, 
can be used to heat these buildings, ensuring 
comfortable living conditions for animals without 
incurring high energy costs. This system also 
minimizes the need for traditional heating fuels, 
making it a sustainable solution. By improving 
the thermal environment in livestock facilities, 
solar thermal systems enhance animal health, 
which, in turn, boosts farm productivity and 
profitability. As the agricultural sector 
increasingly adopts renewable energy 
technologies, solar thermal systems stand out as 
a valuable tool for improving sustainability and 
operational efficiency. 
 

2.1 Reduces Reliance on Fossil Fuels and 
Grid Electricity 

 
Solar energy in agriculture offers a range of 
benefits, one of the most significant being the 
reduction in reliance on fossil fuels and grid 
electricity. By harnessing solar power, farms can 
decrease their dependency on non-renewable 
energy sources, thus contributing to lower 
greenhouse gas emissions and promoting 
increased energy security. Solar photovoltaic 
(PV) and thermal systems allow farms to 

generate their own energy, reducing their 
environmental impact and creating a more 
sustainable agricultural practice. This transition 
to renewable energy sources is particularly 
beneficial in regions where electricity                    
access is limited or unreliable, providing a steady 
and eco-friendly alternative. Moreover, the shift 
away from fossil fuels aligns agricultural 
operations with broader global efforts to                 
combat climate change and reduce carbon 
emissions (Safdar et al. 2023). 
 
Another major advantage of solar energy 
systems in agriculture is their potential to lower 
operational costs and carbon footprints. Once 
installed, solar energy systems have low 
operating costs and require minimal 
maintenance, allowing farmers to significantly 
reduce their overall energy expenses. In the long 
term, this can lead to greater profitability, as 
savings on fuel and electricity can be reinvested 
into other areas of the farm. Furthermore, by 
using solar energy instead of conventional 
sources, farms can substantially decrease their 
carbon footprint, aligning with sustainability goals 
and improving their environmental standing. 
Solar energy also provides a reliable power 
source in remote or off-grid areas, where access 
to conventional electricity may be limited or 
prohibitively expensive (Ghamari et al. 2017, 
Lone et al. 2017). This allows farmers in such 
regions to operate more efficiently and 
economically, improving productivity while 
staying eco-conscious, there are challenges 
associated with the implementation of solar 
energy systems in agriculture. One of the primary 
obstacles is the high initial investment required 
for installing solar PV and thermal systems. The 
upfront costs can be prohibitive, particularly for 
small-scale farmers or those with limited financial 
resources. While long-term savings are possible, 
the initial financial burden can act as a significant 
barrier. Additionally, solar energy production is 
highly dependent on weather conditions, making 
it less reliable during periods of low sunlight, 
such as cloudy or rainy days (Rösch et al. 2008). 
This variability necessitates the use of backup 
systems or energy storage solutions to ensure 
consistent power supply. Another challenge is 
the space required for installing solar panels and 
thermal collectors. Farms with limited land may 
struggle to allocate space for these systems, 
especially when prioritizing land for crop 
production, these challenges, the long-term 
benefits of solar energy in agriculture make it a 
valuable and increasingly popular solution for 
sustainable farming. 
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Fig. 2. Solar energy vs fossil fuels 
Source: https://www.jjpvsolar.com/solar-energy-vs-fossil-fuels/ 

 

2.2 Technological Advancements 
 

Technological advancements are critical to 
furthering the adoption and efficiency of solar 
energy in agriculture. Ongoing research and 
development efforts focus on improving the 
efficiency of solar photovoltaic (PV) panels and 
solar thermal systems, making them more cost-
effective and suitable for diverse agricultural 
applications. Innovations in energy storage 
solutions, such as advanced battery 
technologies, are also essential for addressing 
the weather-related variability of solar energy 
(Dhillon et al. 2009). These advancements allow 
farmers to store surplus energy generated during 
sunny periods and use it during cloudy or rainy 
conditions, ensuring a consistent energy supply. 
By reducing costs and improving the resilience of 
solar systems, these technological innovations 
will make solar energy more accessible and 
reliable for farmers, particularly those in regions 
with unpredictable weather patterns. 
 

Policy support and incentives are also crucial in 
promoting the widespread adoption of solar 
energy in agriculture. Government grants, 
subsidies, and tax credits can lower the financial 
barriers that prevent many farmers, especially 
small-scale operators, from investing in solar 
technology (Lovins et al. 2011). By offering 
financial incentives, policymakers can encourage 
the agricultural sector to transition to renewable 
energy sources, ultimately fostering a more 
sustainable and energy-independent farming 
industry. Additionally, policies that promote 
research and development in solar energy 
technologies can further reduce costs and 
improve the efficiency of these systems. In 
countries where renewable energy policies are 
well-established, farmers have already seen 
significant reductions in their energy expenses, 
making their operations more sustainable and 
profitable in the long run. 

Education and training for farmers are equally 
important in ensuring the successful 
implementation and utilization of solar energy 
systems. Providing resources and training on the 
benefits, installation, and maintenance of solar 
technology will empower farmers to make 
informed decisions and optimize the use of solar 
energy on their farms. Programs that offer 
hands-on guidance can help farmers maximize 
the efficiency of solar energy systems, ensuring 
that they derive the greatest possible benefit 
from their investment (Lee et al. 2013). As 
awareness of solar energy's potential grows and 
farmers gain confidence in operating these 
systems, the adoption rate will increase, 
contributing to the sustainability and economic 
viability of the agricultural sector. By addressing 
these challenges through technological, policy, 
and educational efforts, solar energy has the 
potential to transform agriculture, making it 
greener, more efficient, and resilient in the face 
of environmental challenges.  Wind Energy 
 

2.3 Wind Energy 
 

Wind energy harnesses the natural power of 
wind to generate electricity, offering a renewable 
and sustainable energy source, particularly 
beneficial for agricultural operations. The 
integration of wind turbines on farms can provide 
a reliable and cost-effective energy supply, 
especially in areas with consistent wind patterns. 
Farmers can leverage wind energy to power 
critical operations, ranging from irrigation 
systems to machinery, while also reducing 
dependence on fossil fuels and grid electricity. 
As a renewable energy source, wind power is a 
key element in promoting sustainable agricultural 
practices and minimizing the carbon footprint of 
farming operations. 
 

The applications of wind energy in agriculture are 
diverse. Wind turbines can generate electricity 
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for various on-farm uses, such as powering 
irrigation systems, machinery, and farm 
buildings. Small-scale wind turbines, for instance, 
can power irrigation pumps, providing a 
sustainable alternative to diesel or grid-powered 
pumps. This not only lowers energy costs but 
also significantly reduces carbon emissions, 
making farm operations more environmentally 
friendly (Sajjadi et al. 2015). Furthermore, farms 
with larger wind turbines may generate excess 
electricity during periods of high wind. This 
surplus energy can be sold back to the grid 
under feed-in tariff schemes or net metering 
policies, offering an additional revenue stream for 
farmers. By generating their own energy and 
potentially selling excess power, wind turbines 
enhance both the sustainability and profitability of 
agricultural businesses. Despite the benefits, 
wind energy also presents challenges. The 
variability of wind patterns can affect the 
reliability of wind power, especially in regions 
where wind speeds fluctuate. During periods of 
low wind, energy generation may be insufficient, 
necessitating backup systems or energy storage 
solutions to maintain consistent power supply. 
Moreover, wind turbines can have potential 
environmental impacts, particularly on local 
wildlife such as birds and bats, and they can also 
alter the landscape visually and through noise. 
Another barrier is the substantial upfront 
investment and ongoing maintenance required to 
install and operate wind turbines. This financial 
burden may limit accessibility for small-scale 
farmers, though long-term energy savings and 
potential revenue from excess energy sales can 
offset these costs over time (Sims et al. 2012). 
Despite these challenges, wind energy remains a 
promising and sustainable energy option for 
modern agricultural operations. 
 

2.4 Biomass Energy 
 
Biomass energy involves converting organic 
materials, such as agricultural residues, animal 
manure, and bioenergy crops, into usable heat, 
electricity, or fuel. This renewable energy source 
offers a sustainable method for managing 
agricultural waste, while simultaneously providing 
energy for on-farm use. By harnessing biomass, 
farmers can reduce their reliance on non-
renewable energy sources and fossil fuels, 
contributing to cleaner and more sustainable 
farming operations. Biomass energy is 
particularly beneficial in rural areas where 
traditional energy supplies may be limited, 
making it a crucial component of modern 
agricultural energy solutions. One of the primary 

applications of biomass energy in agriculture is 
through biomass boilers and stoves, which can 
be used to heat greenhouses and farm buildings. 
For example, agricultural residues such as straw, 
corn stover, or wood chips can be used as fuel in 
biomass boilers, ensuring optimal temperatures 
for plant growth during cold seasons. This 
approach reduces the need for fossil fuels, 
resulting in lower heating costs and a more 
sustainable energy supply (Cherubini et al. 
2009). Similarly, barns, storage facilities, and 
other farm structures can also be heated using 
biomass stoves, ensuring a comfortable 
environment for livestock and proper storage 
conditions for equipment and crops. Utilizing 
biomass for heating farm structures not only 
enhances animal welfare but also reduces 
operational costs by making use of locally 
available organic materials. 
 
The benefits of biomass energy in agriculture 
extend beyond energy generation. It provides a 
sustainable way to utilize agricultural waste, 
which would otherwise require disposal, 
contributing to waste management and reducing 
methane emissions from decomposing organic 
matter. Additionally, biomass energy offers a 
renewable energy source, potentially generating 
additional income for farmers who can sell 
excess biomass or bioenergy products. However, 
challenges remain, including the need for 
responsible management of biomass resources 
to prevent depletion of soil nutrients (Kaltschmitt 
et al. 2007). There is also the potential 
competition for land between bioenergy crops 
and food production, which raises concerns 
about food security. Despite these challenges, 
technological advancements and policy 
incentives are paving the way for greater 
adoption of biomass energy, ensuring it plays a 
critical role in the future of sustainable 
agriculture. 
 

2.5 Applications in Agriculture 
 
Biomass boilers and stoves offer an efficient 
solution for heating greenhouses, which is 
essential for maintaining optimal temperatures 
that extend growing seasons and improve crop 
yields. This application is particularly beneficial in 
colder climates, where consistent temperature 
control is crucial for plant development. For 
instance, biomass boilers that utilize wood chips, 
straw, or corn stover as fuel can effectively 
maintain these conditions, promoting plant 
growth while simultaneously reducing reliance on 
fossil fuels (Nemet et al. 2006). This approach 
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not only lowers heating costs but also increases 
sustainability by utilizing readily available 
agricultural residues, thus minimizing waste. In 
addition to heating greenhouses, biomass energy 
systems can be employed to heat barns, storage 
facilities, and other essential farm buildings. By 
ensuring a comfortable environment for livestock 
during colder months, these systems contribute 
significantly to animal welfare and productivity. 
For example, installing a biomass stove in a barn 
provides reliable heating during winter, which can 
improve the health of animals and enhance their 
productivity. Moreover, the use of agricultural by-
products as fuel turns waste into a valuable 
energy resource, creating a circular economy 
within farming operations (Gürlebeck and 
Petermann 2008). Dedicated bioenergy crops, 
such as switchgrass, miscanthus, and fast-
growing trees, are cultivated specifically for 
bioenergy production, serving as a renewable 
source of biomass that does not directly compete 
with food crops. These crops are often grown on 
marginal lands, providing an environmentally 
friendly option that optimizes land use. For 
example, switchgrass and miscanthus thrive in 
conditions unsuitable for food production, offering 
a sustainable feedstock for biomass energy. 
Beyond energy generation, these crops also 
contribute to soil conservation by improving soil 
structure, preventing erosion, and enhancing 
biodiversity in agricultural landscapes, thereby 
supporting the overall health of the ecosystem. 
 

2.6 Biogas Energy 
 
Biogas energy is generated through the 
anaerobic digestion of organic waste, 
transforming it into biogas that can be utilized for 
heating, electricity, or as vehicle fuel. This 
process not only produces biogas but also 
results in nutrient-rich digestate, which serves as 
a beneficial soil amendment. 
 
2.6.1 Applications in agriculture 
 
Anaerobic digestion systems are instrumental in 
converting organic waste into biogas. These 
systems break down materials such as livestock 
manure and crop residues in the absence of 
oxygen, leading to the production of biogas and 
nutrient-rich digestate. For example, livestock 
manure and crop residues can be processed in 
anaerobic digesters to generate biogas, which 
can be used for electricity and heating. The 
digestate produced can then be applied as a 
fertilizer, enhancing soil fertility while reducing 
reliance on chemical fertilizers. 

2.6.2 Benefits 
 
One of the primary benefits of anaerobic 
digestion is the reduction of greenhouse gas 
emissions from manure management. By 
converting organic waste into biogas, these 
systems significantly lower methane emissions 
associated with traditional manure management 
practices, contributing to a decrease in overall 
greenhouse gas emissions. Additionally, biogas 
systems offer a renewable energy source while 
recycling nutrients back into the soil, promoting 
sustainable farming practices (Albers and Flint 
2004). They also improve farm waste 
management by efficiently handling organic 
waste, thereby reducing odors and the risk of 
water contamination from runoff. 
 
2.6.3 Challenges 
 
Despite their benefits, anaerobic digestion 
systems face several challenges. The initial 
investment and operational complexity can be 
significant, posing barriers for small-scale 
farmers who may lack the technical expertise 
required for setup and maintenance.                
Moreover, the continuous operation of biogas 
systems relies on a steady supply of organic 
feedstock, necessitating careful planning and 
management. Furthermore, potential issues 
related to biogas leakage and the management 
of digestate must be addressed to maintain the 
environmental benefits of anaerobic                  
digestion systems International Energy Agency. 
(2018). 
 

2.7 Policy Frameworks and Support 
 
Government policies and incentives are crucial in 
promoting the adoption of renewable energy 
solutions in agriculture. Such measures can 
enhance accessibility and financial viability              
for farmers, encouraging widespread 
implementation of renewable technologies 
Intergovernmental Panel on Climate Change. 
(2014). 
 
Financial assistance through subsidies and 
grants can help offset the high initial costs 
associated with renewable energy installations, 
making them more affordable. For instance, 
subsidies for solar photovoltaic (PV) systems or 
grants for biogas plant construction can lower the 
financial barriers to adopting renewable energy 
technologies United States Department of 
Agriculture. (2021). 
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Table 1. Overview of renewable energy technologies in agriculture 
  

Renewable Energy 
Technology 

Applications in Agriculture Benefits Challenges 

Solar Energy 
- Solar PV Systems: Irrigation, 
greenhouse lighting, farm buildings 

- Reduces reliance on fossil fuels and 
grid electricity 

- High initial investment costs 

  
- Solar Thermal Systems: Crop 
drying, water heating 

- Lowers operational costs and 
carbon footprint 

- Dependence on weather conditions 

Wind Energy 
- Wind Turbines: Electricity 
generation, on-farm use 

- Cost-effective in windy areas - Variable wind patterns 

Biomass Energy 
- Biomass Boilers/Stoves: Heating 
greenhouses, barns 

- Utilizes agricultural residues and 
waste products 

- Competition for land with food crops 

  
- Bioenergy Crops: Switchgrass, 
miscanthus 

- Reduces waste disposal costs and 
methane emissions 

- Initial setup and conversion costs 

Biogas Energy 
- Anaerobic Digestion: Livestock 
manure, crop residues 

- Reduces greenhouse gas emissions 
- High initial investment and operational 
complexity 

    
- Provides renewable energy and 
nutrient recycling 

- Requires steady organic feedstock 
    

 

Table 2. Policy Support for Renewable Energy Adoption in Agriculture 
 

Policy Measure Description Examples 

Subsidies and Grants 
Financial support to reduce initial 
investment costs for renewable energy 
installations 

Subsidies for solar PV systems, grants for biogas plants 

Feed-in Tariffs 
Guaranteed payments for renewable 
electricity fed into the grid 

Feed-in tariffs for wind and solar energy 

Net Metering 
Allows farmers to offset their electricity 
bills with surplus energy fed into the grid 

Net metering policies for rooftop solar installations 

Research and Development Funding 
Government funding for research to 
enhance efficiency and cost-
effectiveness of technologies 

Research grants for biomass and biogas technology 

Technical Assistance and Training 
Programs to educate farmers on 
renewable energy technologies and their 
implementation 

Workshops on solar PV installation, biogas system management 
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Feed-in tariffs and net metering policies also play 
a vital role in incentivizing the generation of 
renewable electricity by ensuring that farmers 
receive compensation for the excess power 
supplied to the grid. For example, farmers with 
wind turbines or solar panels can benefit from 
feed-in tariffs that provide guaranteed payments 
for the electricity they produce and sell to the 
grid. Such policy support is essential for fostering 
a more sustainable and resilient agricultural 
sector (Chawla and Sharma 2024, Chawla and 
Sadawarti 2022, Chawla and Sadawarti 2022, 
Krishnaveni et al. 2024, Beleri 2023, 
Priyadarshani et al. 2023, Kotyal et al. 2023, 
Singh et al. 2022, VijayKumar et al. 2019, 
Gautam et al. 2019, VijayKumar et al. 2019, 
Ramesh 2019). 
 

3. CONCLUSION 
 
The integration of renewable energy solutions in 
agricultural operations presents a transformative 
opportunity for enhancing sustainability, reducing 
costs, and improving energy security. By 
harnessing resources such as solar, wind, 
biomass, and biogas, farmers can create self-
sufficient energy systems that not only meet their 
operational needs but also contribute to 
environmental stewardship. The diverse 
applications of these technologies—from solar 
panels powering irrigation systems to anaerobic 
digesters converting organic waste into valuable 
biogas—highlight their versatility and potential for 
widespread adoption. Despite the numerous 
benefits, challenges such as high initial 
investment costs, the need for technical 
expertise, and potential impacts on land use 
must be addressed. Government policies and 
incentives play a critical role in facilitating this 
transition by providing financial assistance, 
subsidies, and favorable regulations that 
encourage farmers to adopt renewable energy 
technologies.  As the agricultural sector 
continues to face pressures from climate change 
and fluctuating energy prices, the shift                 
towards renewable energy not only enhances 
operational resilience but also contributes to a 
greener, more sustainable food system. By 
embracing these solutions, farmers can reduce 
their carbon footprint, enhance soil health 
through nutrient recycling, and ultimately 
contribute to the global efforts to combat                
climate change. The future of agriculture                 
lies in the successful integration of renewable 
energy, paving the way for a more              
sustainable and economically viable agricultural 
landscape. 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image 
generators have been used during the writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

Albers, A., & Flint, M. L. (2004). Integrated pest 
management (IPM) in US agriculture. Pest 
Management Science, 60(6), 615-619. 
https://doi.org/10.1002/ps.915 

Asma, J., Subrahmanyam, D., & Krishnaveni, D. 
(2022). Deciphering host plant resistance 
mechanisms against Tungro virus in rice: A 
comprehensive exploration. Agriculture 
Archives. https://doi.org/10.51470/AGRI.1. 

Asma, J., Subrahmanyam, D., & Krishnaveni, D. 
(2023). The global lifeline: A staple crop 
sustaining two-thirds of the world's 
population. Agriculture Archives: An 
International Journal. 

Asma, J., Subrahmanyam, D., & Krishnaveni, D. 
(2023). Tungro virus disease in India: 
Historical insights and contemporary 
prevalence trends in rice cultivation. 
Agriculture Archives: An International 
Journal. 

Beleri, P. S. (2023). Microbial solutions to soil 
health: The role of biofertilizers in 
sustainable agriculture. Environmental 
Reports. 
https://doi.org/10.51470/ER.2023.5.2.06 

Chawla, R., & Kumar Sharma, S. (2024). 
Nitrogen fertilization of stone fruits: A 
comprehensive review. Journal of Plant 
Nutrition, 1-41. 
https://doi.org/10.1080/01904167.2024.240
5990 

Chawla, R., & Sadawarti, R. K. (2022). Effect of 
integrated nutrient management on plant 
growth, yield and quality of papaya (Carica 
papaya L.) cv. red lady. Indian Journal of 
Ecology, 49(4), 1320-1324. 
https://doi.org/10.55362/JE/2022/3665 

Chawla, R., & Sadawarti, R. K. (2022). Effect of 
integrated nutrient management on plant 
growth, yield and quality of papaya (Carica 



 
 
 
 

Karanjikar et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 11, pp. 23-34, 2024; Article no.JGEESI.121963 
 
 

 
32 

 

papaya L.) cv. red lady. Indian Journal of 
Ecology, 49(4), 1320-1324. 
https://doi.org/10.55362/JE/2022/3665 

Cherubini, F., et al. (2009). Energy and 
greenhouse gas-based LCA of biofuel and 
bioenergy systems: Key issues, ranges 
and recommendations. Resources, 
Conservation and Recycling, 53(8), 434-
447. 
https://doi.org/10.1016/j.resconrec.2009.02
.002 

Dahmardeh, S., PishgarKomleh, M., & Keyhani, 
M. A. (2016). A review of renewable 
energy sources, sustainability issues and 
climate change mitigation. Current Opinion 
in Environmental Sustainability, 19, 48-67. 
https://doi.org/10.1016/j.cosust.2016.01.00
7 

Dhillon, R. S., et al. (2009). Recent development 
in solar dryers for drying various 
commodities. Renewable and Sustainable 
Energy Reviews, 13(8), 1185-1200. 
https://doi.org/10.1016/j.rser.2008.01.005 

El Bassam, N. (2010). Handbook of bioenergy 
crops: A complete reference to species, 
development and applications. Routledge. 

Fthenakis, V. M., & Kim, H. C. (2010). Lifecycle 
uses of water in U.S. electricity generation. 
Renewable and Sustainable Energy 
Reviews, 14(7), 2039-2048. 
https://doi.org/10.1016/j.rser.2010.03.002 

Gautam, S. K. (2019). The role of indigenous 
knowledge in biodiversity conservation: 
Integrating traditional practices with 
modern environmental approaches. 
Environmental Reports. 
https://doi.org/10.51470/ER.2019.1.2.01 

Ghamari, M., et al. (2017). Wind energy in 
agriculture: A review of applications and 
impacts. Renewable and Sustainable 
Energy Reviews, 80, 550-560. 
https://doi.org/10.1016/j.rser.2017.05.205 

Gürlebeck, K., & Petermann, J. (2008). How do 
policies shape potentials of solar energy? 
Technological Forecasting and Social 
Change, 75(7), 1058-1073. 
https://doi.org/10.1016/j.techfore.2007.05.0
05 

Hanafiah, M. M., Zainuddin, M. F., Mohd Nizam, 
N. U., Halim, A. A., & Rasool, A. (2020). 
Phytoremediation of aluminum and iron 
from industrial wastewater using Ipomoea 
aquatica and Centella asiatica. Applied 
Sciences, 10(9), 3064. 
https://doi.org/10.3390/app10093064 

Harun, N. S., Hanafiah, M. M., Nizam, N. U. M., 
& Rasool, A. (2020). Water and soil 
physicochemical characteristics of different 
rice cultivation areas. Applied Ecology & 
Environmental Research, 18(5). 

HolmNielsen, J. B., Petersen, S. L., & Møller, H. 
B. (2009). Biogas plants in Denmark: 
Successes and setbacks. Renewable 
Energy, 34(3), 857-863. 
https://doi.org/10.1016/j.renene.2008.06.02
3 

Intergovernmental Panel on Climate Change. 
(2014). Climate Change 2014: Mitigation of 
Climate Change. Cambridge University 
Press. 

International Energy Agency. (2018). 
Renewables 2018: Market analysis and 
forecast from 2018 to 2023. IEA 
Publications. 

Kaltschmitt, M., Streicher, W., & Wiese, A. 
(2007). Renewable energy: Technology, 
economics and environment. Springer 
Science & Business Media. 

Khambalkar, P. A., Yadav, S. S., Sadawarti, M. 
J., & Shivansh. (2023). Innovative use of 
algae for carbon sequestration and 
renewable energy generation. 
Environmental Reports. 
https://doi.org/10.51470/ER.2023.5.2.10 

Kotyal, K. (2023). Sustainable waste 
management in the circular economy: 
Challenges and opportunities. 
Environmental Reports. 
https://doi.org/10.51470/ER.2023.5.2.01 

Kougias, P. G., et al. (2017). Biogas production 
from lignocellulosic biomass: Challenges, 
opportunities, and perspectives. 
Bioresource Technology, 245, 1348-1356. 
https://doi.org/10.1016/j.biortech.2017.08.1
55 

Krishnaveni, B., Shailaja, K., & Chapla, J. (2024). 
Water quality assessment of Bibinagar 
Lake by physico-chemical parameters. 
Environmental Reports. 
https://doi.org/10.51470/ER.2024.6.1.01 

Lechtenböhmer, S., et al. (2007). Promoting 
renewable energy in the EU. Energy 
Policy, 35(7), 3374-3385. 
https://doi.org/10.1016/j.enpol.2006.12.005 

Lee, Y. S., et al. (2013). Opportunities for 
bioenergy technologies in South Korea: A 
review. Renewable and Sustainable 
Energy Reviews, 27,                              
310-317. 
https://doi.org/10.1016/j.rser.2013.07.023 



 
 
 
 

Karanjikar et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 11, pp. 23-34, 2024; Article no.JGEESI.121963 
 
 

 
33 

 

Lone, J. F., Rasoo, A., & Unnisa, S. A. (2017). 
Assessment of physico-chemical 
parameters of water in Kashmir region with 
reference to Dal Lake. Journal of 
Environmental Analysis and Toxicology, 
7(2), 1-4. https://doi.org/10.4172/2161-
0525.1000432 

Lovins, A. B., et al. (2011). Reinventing fire: Bold 
business solutions for the new energy era. 
Chelsea Green Publishing. 

Lund, H., et al. (2011). 100% renewable energy 
systems, climate mitigation and economic 
growth. Applied Energy, 88(2), 488-501. 
https://doi.org/10.1016/j.apenergy.2010.08.
022 

Mekonnen, M. M., & Hoekstra, A. Y. (2012). A 
global assessment of the water footprint of 
farm animal products. Ecosystems, 15(3), 
401-415. https://doi.org/10.1007/s10021-
011-9517-8 

Myster, R. W. (2024). Tree families and physical 
structure across an elevational gradient in 
a Southern Andean cloud forest in 
Ecuador. Journal of Plant                              
Biota. 
https://doi.org/10.51470/JPB.2024.3.1.37 

Nemet, G. F. (2006). Beyond the learning curve: 
Factors influencing cost reductions in 
photovoltaics. Energy Policy, 34(17), 3218-
3232. 
https://doi.org/10.1016/j.enpol.2005.10.004 

Osuntokun, O. T., Azuh, V. O., Thonda, O. A., & 
Olorundare, S. D. (2024). Random 
amplified polymorphic DNA (RAPD) 
markers protocol of bacterial isolates from 
two selected general hospitals wastewater 
(HWW). Journal of Plant Biota. 
https://doi.org/10.51470/JPB.2024.3.1.28 

Praveen, V., Rasool, A., Shivakumar, S., Rao, B. 
B., & Unnisa, S. A. Assessment of ambient 
noise, water, and wastewater in and 
around Balanagar, Hyderabad, Telangana 
State, India. Journal of Experimental 
Zoology, India. 

Purnima, & Singh, P. (2024). Study on biocontrol 
aspect of potential Alcaligenes faecalis 
against Fusarium sp., concept and 
approach. Journal of Plant Biota. 
https://doi.org/10.51470/JPB.2024.3.1.34 

Ramesh, S. (2019). The role of nature-based 
solutions in climate change adaptation and 
mitigation. Environmental Reports. 
https://doi.org/10.51470/ER.2019.1.1.01 

Rösch, C., et al. (2008). Renewable energy 
production in Germany: A sectoral 

simulation of economic and environmental 
impacts. Energy Policy, 36(1), 307-322. 
https://doi.org/10.1016/j.enpol.2007.09.010 

Safdar, E. A., Safdar, N. A., & Khan, P. A. 
(2023). A survey to assess knowledge 
attitude practice of people towards vitamin 
D. Acta Traditional Medicine, 2(1), 27-34. 
https://doi.org/10.5281/zenodo.8282626 

Safdar, E. A., Tabassum, R., Khan, P. A., & 
Safdar, N. A. (2023). Cross-sectional 
retrospective study on mifepristone and 
misoprostol combination vs. misoprostol 
alone for induction of labour in 
management of IUFD. Acta Pharma 
Reports. 

Safdar, N. A., Nikhat, E. A. S., & Fatima, S. J. 
(2023). Cross-sectional study to assess 
the knowledge, attitude, and behavior of 
women suffering from PCOS and their 
effect on the skin. Acta Traditional 
Medicine, 2(1), 19-26. 

Sajjadi, B., Azoddein, M. F., & Kazem, H. A. 
(2015). A comprehensive review on the 
application of renewable energy sources in 
water desalination. Renewable and 
Sustainable Energy Reviews, 50, 1419-
1436. 
https://doi.org/10.1016/j.rser.2015.05.036 

Sangameshwar, R., Rasool, A., & Venkateshwar, 
C. (2020). Effect of heavy metals on leafy 
vegetable (Trigonella foenum-graecum L.) 
and its remediation. Plant Archives, 20(2), 
1941-1944. 

Shrivastava, P., & Singh, S. (2016). Renewable 
energy in agriculture: A review. Renewable 
and Sustainable Energy Reviews, 55, 
1282-1295. 
https://doi.org/10.1016/j.rser.2015.10.140 

Sims, R. E. H., et al. (2012). Renewable energy: 
Power for a sustainable future. Oxford 
University Press. 

Singh, A., Yadav, S. S., Joshi, E., &  
Khambalkar, P. A. (2022). Sustainable 
groundwater management,                    
addressing depletion through advanced 
technology and policy. Environmental 
Reports. 
https://doi.org/10.51470/ER.2022.4.1.01 

Taylor, M., & Pogson, N. J. (2012). Renewable 
energy in agriculture: An overview of the 
potential and opportunities. Renewable 
Agriculture and Food Systems, 27(4), 310-
322. 
https://doi.org/10.1017/S17421705120002
04 



 
 
 
 

Karanjikar et al.; J. Geo. Env. Earth Sci. Int., vol. 28, no. 11, pp. 23-34, 2024; Article no.JGEESI.121963 
 
 

 
34 

 

United States Department of                             
Agriculture. (2021). Renewable                     
Energy Investment and Production Survey. 
USDA. 

VijayKumar, R. (2019). Biochar in soil 
restoration: A comprehensive review on 
enhancing soil health and carbon 

sequestration. Environmental Reports. 
https://doi.org/10.51470/ER.2019.1.1.05 

VijayKumar, R. (2019). Biochar in soil 
restoration: A comprehensive review on 
enhancing soil health and carbon 
sequestration. Environmental Reports. 
https://doi.org/10.51470/ER.2019.1.1.05 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/121963  

https://www.sdiarticle5.com/review-history/121963

