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Abstract

Agriculture is a backbone of world economy which is fundamentally based on energy for irrigation,
machinery, processing and climate control. The agriculture sector is having transformation to cut
energy use, lower emissions, and improve sustainability as the globe problems with the effects of
climate change and increased need for food security. The function of energy in agriculture, the need
of switching to renewable energy sources, and newly developed technology giving farmers chances to
maximize energy consumption are discussed in this article. The agricultural sector may increase
output, lower running expenses, and help to conserve the environment by including solar electricity,
biogas, wind energy, and energy-efficient machinery.
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Introduction

Energy plays important role in every aspect of modern agriculture. The agricultural sector in
India consumes around 7-8% of the total energy used in the country estimates suggesting that roughly
one-third of India's total electricity is consumed by agriculture. Agriculture depends on a variety of
energy inputs to carry out essential processes, including irrigation, fertilization, machinery operation,
and food processing (Singh and Kumar, 2018). In agriculture, historically, energy has come from fossil
fuels including natural gas, diesel, and gasoline. But as due to resource depletion and climate change
problems, the need of substitute, renewable energy sources is increasing (M. T. Chaichan, 2014). This
article helps to clarify how energy affects agriculture, the present patterns in energy consumption, and
the part renewable energy alternatives play in changing the agricultural sector.
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Energy in agriculture

In farming, energy is used across several activities:

Crop cultivation - Running tractors and plows, irrigation pumps, fertilizing equipment, and harvesting
tools constitutes the energy demand in agricultural cultivation. These operations make extensive use
of fossil fuels; hence agriculture is a major source of carbon emissions.

Irrigation systems- Watering crops take a lot of energy, particularly in areas with limited water
supplies. Many times, traditional irrigation systems rely on energy-intensive pumps.

Livestock production - Energy is applied in livestock farming for heating, water pumping, climate
control in barns, and feeding systems. With methane a major component, livestock farming adds a
significant amount of greenhouse gas emissions.

Food Processing and Distribution: Energy is needed to handle, package, and distribute food once
crops and animals are taken from the field. Significant energy is also consumed in refrigeration,
cooking, and storage facilities often from non-renewable sources. (Bocken et.al, 2018).

Post harvest technology - Energy is also absolutely essential for drying, milling, and other post-
harvest operations, which help to guarantee food security by preventing spoiling.

Alternative source of energy in agriculture: Renewable Energy

Solar energy - Particularly for running irrigation systems, greenhouse operations, and water pumps,
solar energy is being applied more and more in farming. Installable solar panels on farms can assist
lower running expenses and dependency on grid electricity. Furthermore, solar power offers farmers
in far-off places where grid electricity is either too expensive or nonexistent a sustainable alternative
(Singhal et.al 2020).

Wind energy - wind energy harnessed for a variety of uses and can run irrigation systems or water
pumps. In places with constant wind speeds, wind turbines are most efficient and offer farms with a
renewable, clean energy source.

Bio-energy — Bio-energy is the energy obtained from organic materials including dedicated energy
crops, animal manure, and agricultural residuals. It is made from crop waste or animal manure, biogas
is a great renewable energy source for farms; it drives heating systems, electrical generators, even
vehicles.

Geothermal energy - Greenhouse farming can make use of geothermal energy as a sustainable heat
source. Geothermal resources allow this energy to help control temperature and humidity, therefore

encouraging better crops and higher production.
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Efficient energy solutions in agriculture

Apart from changing to greener energy sources, another crucial feature of sustainable farming
IS energy economy. Farmers may cut costs, increase output, and lessen their environmental effect by
lowering their energy use (Patil et al, 2012). Major characteristics of energy efficient farming are

depicted in figure 1. Among the several ways agricultural energy efficiency is raising is:
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Fig. 1 Efficient management of energy in agriculture (Vijayakumar et al. 2023)
Precision farming - Using cutting-edge technologies such sensors, GPS, and drones to track soil
health, crop conditions, and water usage, precision agriculture By helping farmers apply water,
fertilizers, and pesticides more effectively, these technologies help to lower the total energy required
for crop production (Peng and Huang, 2022).

Electric machinery - Rising as substitutes for conventional diesel-powered machinery are electric-
powered tractors and harvesters. Although electric equipment can have more upfront expenditures,
their lower fuel consumption and less maintenance help to save over time.
Efficient irrigation systems - Smart irrigation systems such as drip irrigation and automatic
scheduling can greatly save water and energy use. Based on real-time data, these devices send water
straight to plant roots, therefore guaranteeing that crops get just the correct amount with little waste.
Conclusions

Although energy is essential for agriculture, it must alter as the sector deals with growing
demands from resource constraint and climate change. Together with energy-efficient technology,
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renewable energy sources including solar, wind, and bioenergy present a bright road toward a more
resilient and sustainable agricultural industry. Farmers can lessen their environmental impact, cut their
reliance on fossil fuels, and guarantee that farming will always be a sustainable supply of food for an
increasing world population by embracing these technologies. While challenges such as high initial
costs and access to technology remain, continued investment, supportive policies, and technological
advancements will help overcome these barriers. As the agricultural sector continues to evolve, energy
will play a crucial role in shaping a sustainable future for farming.
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