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ABSTRACT: Sustainable agriculture is the practice of integrating agricultural activities that are environmentally
friendly, economically viable, and socially acceptable. Renewable energy sources have the potential to significantly
contribute to sustainable agriculture by providing cleaner and more efficient energy for agricultural operations. This
review paper provides an overview of the potential benefits of renewable energy for sustainable agriculture, including
reduced environmental impact, increased energy efficiency, and cost savings. The paper also discusses the challenges
associated with integrating renewable energy into agricultural operations, such as high upfront costs and regulatory
barriers. Finally, the paper highlights some successful case studies of renewable energy use in agriculture, and provides
recommendations for policy makers, farmers, and other stakeholders interested in promoting the adoption of renewable
energy in agriculture.
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I. INTRODUCTION

Agriculture plays a crucial role in our lives, providing us with food, fuel, fiber, and many essential natural resources.
However, traditional agricultural practices have often been associated with negative environmental consequences, such
as soil erosion, pollution, deforestation, and greenhouse gas emissions. In recent years, concerns over these issues have
led to a growing interest in the concept of sustainable agriculture, which seeks to balance the economic, environmental,
and social aspects of agricultural production. One key aspect of this shift toward sustainable agriculture is the
integration of renewable energy technologies in farming operations. By harnessing renewable energies to carry out
tasks that traditionally rely on fossil fuels, we can greatly reduce carbon footprints while simultaneously supporting
economic growth and enhancing resilience within the farm ecosystem. Renewable energy sources have the potential to
play an important role in sustainable agriculture, by providing clean, reliable and cost-effective energy for agricultural
operations. By way of dedicated investments, determination, and scientific innovations, which seek to combine clean
energy applications with prudent land usage, could secure an abundant and prosperous future for all members of
humankind.

II. REVIEW OF LITERATURE

Renewable energy has the potential benefit for reducing greenhouse gas emissions, improving energy security, and
increasing rural electrification [1].

Kemausuor, et al. have not only discussed the potential benefits of renewable technologies for improving food security,
increasing rural electrification, and reducing poverty, but also have highlighted the technical, financial, and institutional
barriers to adoption [2].

Kumar and Singh in their review article have focused on the potential of renewable energy for sustainable agriculture,
including improving soil health, reducing water use, and increasing crop yields. The authors have also highlighted the
challenges and opportunities for technology adoption, policy support, and financing [3].

Renewable energy ensures clean energy agriculture by using agricultural techniques that protect the environment,
increase energy efficiency, and result in cost and energy savings. Using renewable energy sources to power
agricultural-related operations can lower energy costs and, as a result, raise total corporate profits. Important adoption
strategies for these technologies must be adaptable and affordable. Agricultural-related activities can contribute less to
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global warming by using renewable energy sources to power them. This will reduce emissions into the atmosphere.
Research on the kinds of environmental incentives that will promote the usage of renewable energy is crucial [4].

Based on an analysis of data from the Scopus database, research on renewable energy applications in the agriculture
sector significantly expanded throughout the three years under consideration. Since the end of first cycle of Kyoto
Protocol commitments, many research conducted in recent years have been a significant step toward the integration of
renewable energies in the agriculture sector. These research articles were divided into three primary categories:
environmental science (598 documents, or 19.8% of all published documents), energy (19.1%), and engineering
(14.5%). Amongst the top five institutes conducting research on renewable energy are: One from Iran (University of
Tehran), one from the Netherlands (Wageningen University and Research), and three from China (Chinese Ministry of
Education, Chinese Agricultural University, and Chinese Academy of Sciences). India, China, the United States, Italy,
and the United Kingdom were the biggest contributors to the study [5].

One sector that stands to gain significantly from the use of renewable energy is agriculture. Utilizing renewable energy
technology in agriculture can improve sustainable farming practices while also addressing issues with energy and water
constraint. In light of this, the use of renewable energy and related technologies has a great deal of promise to support
the goals of sustainable agriculture. It is already being done on many farms, and there are several prospects to expand
its usage in the future. As the cornerstone of sustainable agriculture, promoting renewable agriculture requires
increased government assistance [6].

The costs of fossil fuels will keep rising as resource supplies are depleted. Conversely, as the costs of renewable energy
will keep falling, the long-term outlook for renewable energy is unquestionably favorable. Numerous successful
instances of the use of alternative energy sources in the agriculture sector currently exist. However, it has also been
discovered that in order for these technologies to be widely used, there must be real-world on-farm demonstrations, and
more research will be required to further evaluate the viability of their usage in agriculture and to address the technical
issues [7].

III. DISCUSSIONS
A. Renewable Energy

Renewable energy refers to sources of energy that can be replenished naturally over time, unlike fossil fuels which get
depleted once they have been extracted from the earth. These renewable energy sources include sunlight, flowing
water, wind, ocean waves, geothermal heat from within the Earth and biomass, which is organic matter produced as
waste products from plants and animals. Unlike nonrenewable energies like fossil fuels, renewable energies provide an
infinite and virtually limitless supply of clean energy, making them a promising solution for addressing climate change.

B. Sustainable Agriculture

Sustainable agriculture refers to farming practices that promote long-term food security, human health, animal welfare,
and environmental protection. The goal of sustainable agriculture is to create an equitable food production system that
balances economic viability, social responsibility, and natural resource conservation for future generations. This
practice involves integrating principles of ecology and economics to ensure that farmland remains healthy, ecosystem
services are maintained, and the quality of life for rural communities improves. To achieve this end, sustainable
agriculture must address several interconnected factors, including soil health, water management, climate change
adaptation, biodiversity preservation, efficient use of resources, and reduced reliance on synthetic inputs. These
approaches support environmental conservation while producing enough food that supports the entire population on
earth.

C. Energy Consuming Practices in Agriculture

Pumping groundwater for irrigation using electrical or diesel driven pumps

Fuel burning machines and engines for tillage, planting, harvesting, processing, storage & distribution
Use of chemical fertilizers manufactured through nonrenewable energy intensive processes

Operation of sprinklers and drip irrigation systems

Lighting of animal housing facilities and milking parlours
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e Refrigeration and freezing of dairy products, fruits, vegetables, fishery products for storage, transport, retailing
and wholesaling

e  Transportation of crops and animals using fossil fuels

e Generator use in off-grid rural areas for powering tools, domestic needs, cooling system and communication
networks

e Power requirements for aquaculture such as aeration, water circulation and oxygen injection devices

These energy consuming practices in agriculture traditionally rely on fossil fuels and other forms of conventional
sources of energy. Fortunately, harnessing renewable energy sources can play a significant role in meeting the energy
requirement of the abovementioned practices by providing sustainable alternatives for power generation, operating
tillage and post harvest equipment, irrigation, pumping systems, processing equipment, cold storage, drying operations,
building maintenance and lighting, vehicles operation and refrigeration units by using appropriate renewable energy
technology.

D. Types of renewable sources of energy

There are several sources of renewable energy that can be harnessed to generate electricity, heat or fuel. Some of the
most common sources include:

1. Solar energy: This is energy that is derived by harnessing the power of the sun. It can be used to generate
electricity through the use of solar panels lined with photovoltaic cells, or to heat water or air through the use
of passive solar systems.

2. Wind energy: It is a form of energy produced by the wind. The kinetic energy found in airflow can be
transformed into mechanical power by the blades of wind turbines. This mechanical energy is then converted
into electrical energy by a generator present in wind turbine. Sail type wind mills are also employed to grind
grains and to draw water from wells.

3. Hydro energy: Hydro energy is harnessed by using turbines to convert the energy of moving water into
mechanical or electrical energy through the use of hydroelectric power plants.

4. Geothermal energy: This is energy that is derived from the natural heat of the earth. It can be used to generate
electricity through the use of geothermal power plants.

5. Biomass energy: This energy is obtained from organic matter of living or dead organisms. It can be used to
generate electricity through the use of biomass power plants.

6. Bio-fuel energy: Bio-fuels are fuels made from plants or vegetables oil rather than petroleum derivatives.
These bio-fuels can run engines, which in turn, power generators to produce electricity or to do mechanical
work.

Other forms of renewable energy include tidal and ocean thermal energy.

E. Present state of renewable energy use in agriculture

Renewable energy plays an increasingly important role in reducing the environmental impact of traditional agriculture.
Many countries around the world are promoting the integration of renewable energy systems into their agricultural
sectors to enhance sustainability and decrease dependence on finite resources. Some key areas where renewable energy
applications are being explored and implemented in agriculture are:

1. Solar energy: Solar technologies are among the most popular clean energy options used by farmers today.
Solar photovoltaic (PV) systems are being used for water pumping, heating and electrification. This includes
solar panels installed either alone or in combination with battery backups or other energy storage systems to
provide power to pump water, generate electricity for buildings and machinery, illuminate fields, charge
batteries, power vehicles and many additional uses. The main challenge is the high upfront cost, making it
unavailable to poor smallholders who could benefit the most. This has prompted many governments to launch
programs targeting them with support measures like loan schemes, subsidy funds and training initiatives.
Examples of this are India’s National Solar Mission, South Africa’s Integrated Resources Plan (IRP), or the
EU’s Rural Development Policy (RDP). Solar irrigation offers significant potential for increased productivity
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and income generation by replacing diesel pumps and providing reliable energy for all seasons round year
pumping. Small-scale off-grid solutions can meet daily water requirements (up to SkW) with solar treadle
pumps and photovoltaic (PV) becoming widely available in some regions. With higher demands, however,
they become less efficient and turn out not very economically viable due to declining conversion rates. As
alternatives medium size systems employing grid connected centrifugal pumps covering larger areas with
yields reaching up to 30kW are gaining attention. But these solutions still face challenges regarding durability,
efficiency (low average loads vs. peaks) and complexity compared to diesel models when competing with
price points. Another emerging technology is floating solar arrays on dams or reservoir surfaces which not
only produce clean electricity to sell to local grids, but also reduce evaporation losses of valuable fresh water
supplies vital for communities.

2.  Wind Energy: Wind energy refers to the conversion of wind motion into usable forms of energy with the help
of wind turbines. Wind turbines convert the kinetic energy present in moving air into mechanical energy
which drives a generator. The resulting energy generated by these wind turbines varies depending on several
factors such as wind density, swept area, and rotor design. . Earlier, the sail type windmills were used for
pumping water and grind grains. But now electricity has made these types of windmills redundant. Wind
energy is becoming an increasingly popular form of renewable energy and its potential is virtually unlimited.
Wind energy can be captured anywhere where there is adequate wind availability, regardless of geographical
location. With advancements made in recent decades, the costs associated with construction and operation of
wind facilities has decreased significantly. As a result, wind energy is rapidly growing globally, accounting for
almost one-third of total installed renewable energy worldwide. Although there are challenges involved in
generating reliable and consistent energy from wind, research continues into improvements and innovations to
increase efficiency. Furthermore, small-scale applications are being developed to bring wind energy closer to
homes and offices in urban environments. Harnessing wind energy allows countries to meet their greenhouse
gas reduction targets, strengthen their energy security, and invest in job creation.

3. Biomass energy: It refers to the use of organic matter, commonly derived from plants, trees, crops, waste
products, agricultural residues, and landfill material, as fuel to generate electricity or power. It involves
burning organic materials or fermenting them to produce biogas, which can then be transformed into biofuels.
Biomass utilization in forms of fuel-wood, charcoal, bio-fuels such as biodiesel and ethanol, and biogas
generated from animal waste, manure, or purpose-grown crops such as sugarcane bagasse, sweet sorghum, or
switchgrass to replace fossil-derived equivalents in heating, cooking, electrical generation, or vehicle
propulsion. It takes different forms based on regional availabilities, infrastructure, socioeconomic factors and
environmental priorities. For example, developing nations typically consume large amounts of fuel-wood,
whereas many developed countries focus on liquid biofuels. Biomass energy provides many advantages over
traditional fossil fuels; it reduces greenhouse gas emissions, improves energy independence, increases jobs in
rural areas, and encourages afforestation. Moreover, biomass energy helps reduce waste accumulation in
landfills, leading to lower disposal fees and less pollution. Bioenergy is obtained by the processes of anaerobic
digestion, pyrolysis and gasification. These processes convert organic material and wastes into biogas and
syngas. Hydrothermal upgrading converts lipids, sugars, lignins etc., into hydrocarbon intermediates similar to
fossil crude oil fractions called "bio-oils" which contain olefins, naphthalenes and alcohols. Catalytic
depolymerisation may also break down cellulose directly into low-molecular-weight oil components
comparable to kerosene or heavy diesel fuels. These liquids may serve as feedstocks for production of
Fischer—Tropsch synthetic fuels.

4. Hydro-energy: Hydro energy is being explored and implemented in agriculture for irrigation, agro-processing,
and farm operations to achieve sustainability and efficiency. It is regarded as the most developed and greenest
renewable energy source. About 6.3% of the electricity produced in the United States comes from
hydroelectric sources, which amounts to about 31.5% of the nation's total renewable electricity. The United
States, Brazil, Canada, India, Russia, and China are the top six countries that produce hydroelectricity [8].

5. Geothermal energy: Geothermal energy, which combines heat and water, is a widely used energy source in
agriculture. Currently, there are three types of geothermal-powered power plants in operation: binary-cycle,
dry steam and flash steam. These power plants can be used directly for electricity generation or indirectly for
the generation of hot fluids, which can be used in agricultural and fishery operations. Examples of such
operations include the dehydration of allium, the heating of buildings, the pasteurization of milk, and the
cultivation of greenhouses. High-temperature geothermal resources with the potential to produce electricity in
agriculture can be harnessed to improve agricultural production. Additionally, geothermal technologies can be
employed in cascades, where the same energy source is used for multiple purposes at the same time, thus
ensuring economic efficiency.
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F. Benefits of Renewable Energy for Sustainable Agriculture

Renewable energy can provide numerous benefits for sustainable agriculture. First and foremost, it can help to
reduce the environmental impact of agricultural operations. For example, by using solar panels or wind turbines to
generate electricity, farmers can reduce their reliance on fossil fuels and reduce their greenhouse gas emissions.
Also, by using renewable energy sources, farmers can reduce their energy consumption and save money on energy
costs. Renewable energy can also help to conserve natural resources, such as water, by providing efficient and
sustainable energy for irrigation and other agricultural activities.

G. Challenges of Integrating Renewable Energy into Agriculture

Despite the potential benefits, there are also some challenges associated with integrating renewable energy into
agricultural operations. Some of them are:

1. High upfront costs: Installing renewable energy systems like solar panels or wind turbines can be expensive,
which may be a barrier for some farmers.

2. Intermittency: Renewable energy sources like solar and wind are intermittent, meaning they are dependent on
weather patterns and may not provide consistent power.

3. Lack of infrastructure: In some rural areas, the necessary infrastructure for renewable energy systems may not
be available.

4. Limited energy storage: Currently, there is limited capacity for storing renewable energy, which can make it
difficult to rely on these sources for consistent power.

5. Technical expertise: Installing and maintaining renewable energy systems requires specialized technical
knowledge, which may not be readily available to farmers.

6. Regulatory issues: Regulations around renewable energy can be complex and may vary by location, which can
make it more challenging for farmers to navigate.

H. Successful case studies of renewable energy use in agriculture

1. Solar-Powered Irrigation Systems: In India, farmers are using solar-powered irrigation systems to water their
crops, reducing their dependence on diesel-powered pumps. This has not only reduced their energy costs but
also increased crop yields.

2. Anaerobic Digesters: Farmers in India and elsewhere are using anaerobic digesters known as ‘Biogas plants’
to convert cow manure into biogas, which is then used to generate electricity. This has not only reduced their
greenhouse gas emissions but also provided a new source of revenue.

3. Wind Turbines: Family-owned farms in the Midwest United States are using wind turbines to generate
electricity and offset their energy costs. This has enabled them to remain economically competitive and
sustainable.

4. Geothermal Energy: In Iceland, greenhouses are using geothermal energy to heat their facilities, enabling them
to grow crops year-round despite the harsh climate. This has allowed them to produce fresh produce locally
and reduce their carbon footprint.

5. Biomass Energy: In Brazil, sugarcane producers are using the waste from their sugar production process to
generate electricity, reducing their dependence on fossil fuels and producing a new source of revenue.

IV. CONCLUSION

In conclusion, renewable energy has the potential to play a major role in sustainable agriculture. By using renewable
energy sources, farmers can reduce their reliance on fossil fuels, improve their bottom line, and protect the
environment. There are a number of different renewable energy technologies that can be used in agriculture, including
solar, wind, and biomass. Each technology has its own advantages and disadvantages, and the best choice for a
particular farm will depend on a number of factors, such as the size of the farm, the climate, and the availability of
resources.

There are a number of challenges that need to be addressed in order to make renewable energy more widely adopted in
agriculture. These challenges include the high upfront cost of renewable energy systems, the lack of access to
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financing, and the need for more research and development. However, the potential benefits of renewable energy for
sustainable agriculture are significant, and it is clear that this is an area where there is a great deal of potential for
growth.

Here are some additional conclusions on the future of renewable energy in agriculture:

e  As the cost of renewable energy continues to decline, it is likely that more and more farmers will adopt these
technologies.

e The development of new renewable energy technologies, such as solar-powered irrigation systems, will make
it easier for farmers to use renewable energy in their operations.

e Governments can play a role in promoting the adoption of renewable energy in agriculture by providing
financial incentives and other support.

The future of renewable energy in agriculture is bright. By using renewable energy, farmers can reduce their reliance
on fossil fuels, improve their bottom line, and protect the environment.

REFERENCES

[1] Subramani, T. and Iniyan, S. “Renewable energy applications in agriculture: A review”, Renewable and
Sustainable Energy Reviews, 82, pp.3990-4001, 2018.

[2] Kemausuor, F., Nygaard, 1., Bindzi, G. and Kj @rnes, U. "Renewable energy and energy efficiency in
agriculture: A review of the opportunities and challenges in sub-Saharan Africa", Renewable and Sustainable
Energy Reviews, 50, pp.98-108, 2015.

[3] Kumar, A. and Singh, R.K. "Renewable energy for sustainable agriculture: A review", Renewable and
Sustainable Energy Reviews, 89, pp.336-345, 2018.

[4] Babatunde, O. M., et al. “Harnessing renewable energy for sustainable agricultural applications”, International
Journal of Energy Economics and Policy, 2019, 9(5), 308-315, 2019.

[5] Hernandez-Escobedo, Q.; Mufioz-Rodriguez, D.; Vargas-Casillas, A.; Judrez Lopez, J.M.; Aparicio-Martinez,
P.; Martinez Jiménez, M.P.; Perea-Moreno, A. J. "Renewable Energies in the Agricultural Sector: A
Perspective Analysis of the Last Three Years", Energies, 16, 345, 2023

[6] Burgin Atillgan Tiirkmen. "Renewable Energy Applications for Sustainable Agricultural Systems",
International Journal of Innovative Approaches in Agricultural Research, Vol. 4 (4), 497-504, 2020

[7] Jochen Bundschuh, Guangnan Chen & Shahbaz Mushtaq. "Towards a sustainable energy technologies based
agriculture", Informa UK Limited, Chapt. 1, pp. 3-15, 2014. DOI:10.1201/b16643

[8] Hydroelectric Energy - National Geographic Society.
https://www.nationalgeographic.org/encyclopedia/hydroelectric-energy/.

[9] Adrian Muller. "Sustainable agriculture and the production of biomass for energy use", Climatic Change, 94:
319-331, 2009.

[10]Ali, S. M., Dash, N., & Pradhan, A. "Role of renewable energy on agriculture", International Journal of
Engineering Sciences & Emerging Technologies, 4(1), 51-57, 2012.

[11]Chel, A., & Kaushik, G. "Renewable energy for sustainable agriculture", Agronomy for Sustainable
Development, 31, 91-118, 2011.

[12] Acosta-Silva, Y. D. J., Torres-Pacheco, 1., Matsumoto, Y., Toledano-Ayala, M., Soto-Zarazia, G. M., Zelaya-
Angel, 0., & Méndez-Lépez, A. "Applications of solar and wind renewable energy in agriculture: A
review". Science Progress, 102(2), 127-140, 2019.

[13]Martinho, V. J. P. D. "Interrelationships between renewable energy and agricultural economics: An
overview", Energy Strategy Reviews, 22, 396-409, 2018.

[14] Fischer, J. R., Finnell, J. A., & Lavoie, B. D. "Renewable energy in Agriculture: Back to the future?" Choices,
21(1), 27-31, 2006.

[15] Tomes, D., Lakshmanan, P., & Songstad, D. (Eds.). "Biofuels: global impact on renewable energy, production
agriculture, and technological advancements", Springer Science & Business Media, 2010

[16]Park, J., & Kim, Y. "The effects of renewable energy in agricultural sector". Journal of the Korea Academia-
Industrial Cooperation Society, 20(1), 224-235, 2019.

[17]Rahman, M. M., Khan, 1., Field, D. L., Techato, K., & Alameh, K. "Powering agriculture: Present status,
future potential, and challenges of renewable energy applications", Renewable Energy, 188, 731-749, 2022.

IJIRSET © 2022 | AnISO 9001:2008 Certified Journal | 6841


http://www.ijirset.com/

International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

- | e-ISSN: 2319-8753, p-ISSN: 2320-6710| www.ijirset.com | Impact Factor: 8.118|
A B

IJIRSET [[Volume 11, Issue 5, May 2022||

| DOI:10.15680/IJIRSET.2022.1105382|

[18]Cai, Y., Xu, J.,, Ahmad, P., & Anwar, A. "What drives carbon emissions in the long-run? The role of
renewable energy and agriculture in achieving the sustainable development goals", Economic Research-
Ekonomska Istrazivanja, 35(1), 4603-4624, 2022.

[19]Lombardi, G. V., & Berni, R. "Renewable energy in agriculture: Farmers willingness-to-pay for a photovoltaic
electric farm tractor", Journal of Cleaner Production, 313, 127520, 2021.

[20] Chopra, R., Magazzino, C., Shah, M. 1., Sharma, G. D., Rao, A., & Shahzad, U. "The role of renewable energy
and natural resources for sustainable agriculture in ASEAN countries: do carbon emissions and deforestation
affect agriculture productivity?", Resources Policy, 76, 102578, 2022.

[21]Bardi, U., El Asmar, T., & Lavacchi, A. "Turning electricity into food: the role of renewable energy in the
future of agriculture", Journal of Cleaner Production, 53, 224-231,

[22] Kodirov, D., Muratov, K., Tursunov, O., Ugwu, E. 1., & Durmanov, A. "The use of renewable energy sources
in integrated energy supply systems for agriculture", In IOP Conference Series: Earth and Environmental
Science (Vol. 614, No. 1, p. 012007). IOP Publishing, 2020.

[23]Sutherland, L. A., Peter, S., & Zagata, L. "Conceptualising multi-regime interactions: The role of the
agriculture sector in renewable energy transitions". Research Policy, 44(8), 1543-1554, 2015.

[24]Banks, C. J., Salter, A. M., & Chesshire, M. "Potential of anaerobic digestion for mitigation of greenhouse gas
emissions and production of renewable energy from agriculture: barriers and incentives to widespread
adoption in Europe", Water science and technology, 55(10), 165-173, 2007.

[25]Elahi, E., Khalid, Z., & Zhang, Z., "Understanding farmers’ intention and willingness to install renewable
energy technology: A solution to reduce the environmental emissions of agriculture", Applied Energy, 309,
118459, 2022.

[26] Chandio, A. A., Akram, W., Ozturk, 1., Ahmad, M., & Ahmad, F. "Towards long-term sustainable
environment: does agriculture and renewable energy consumption matter?", Environmental Science and
Pollution Research, 28(38), 53141-53160, 2021.

[27] Babatunde, O. M. (2019). Harnessing renewable energy for sustainable agricultural applications.

[28]Lund, J.W. "Direct utilization of geothermal energy", Energies, 3(8), 1443-1471, 2010.

IJIRSET © 2022 | AnISO 9001:2008 Certified Journal | 6842


http://www.ijirset.com/

INTERNATIONAL 9»‘

INNO@SPACE d ' STANDARD b pil 3
- SERIAL wisr 0
SIF Scientific Journal lmpact ¥ P 3 \
P wd sref NUMBER &%}r Ty

Cross . frabaz

Impact Factor: 8.118 INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

NISCAIR

[ 9340 572 462 (&) 6381 907 438 [ ijirset@gmail.com [ T

www.ijirset.com



	[8] Hydroelectric Energy - National Geographic Society. https://www.nationalgeographic.org/encyclopedia/hydroelectric-energy/.

