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Introduction 
Energy had played a crucial role for development of agriculture. It fuels the equipment, irrigates the 
crops, fertilizes the soil, sustains the livestock and transports the food into its final form (Gellinga 
and Parmenter 2010).  Agricultural intensification through the use of high-yielding crop varieties, 
fertilizers, other agrochemicals, irrigation and farm mechanization are most vital factors to achieve 
global food security. All these practices are highly productive but are energy depended too. On the 
other, hand, energy was the major driver to surge food prices to higher levels. This affected food 
access and threatened long-term global food security. Another concerns are finite supply of fossil 
fuels may limit agricultural production in future and the adverse impacts of these nonrenewable 
energy resource on environment. Making a gradual shift from a fossil fuels depended agri-food 
systems towards an energy-efficient and energy self sufficient food sector could help in achieving 
food production goals, stabilizing food prices and reducing financial risks for farmers (FAO 2012). 
 

What is Energy Efficiency? 
It is defined as the decrease of primary energy consumption for the production of a unit of 
agricultural product within the farm boundaries. The energy efficiency in agriculture reflects 
changes in technology, farm management practices and government policies to trim down the 
amount of energy requisite to provide foodstuffs and services. 
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The finite supply of fossil fuels may limit agricultural production in future, will raise 
food prices and financial risks for farmers and these non-renewable energy sources will 
cause adverse impacts on environment. So, a gradual shift from a fossil fuels depended 
agri-food systems towards an energy-efficient and energy self sufficient food sector is 
the need of hour in achieving food production goals with higher profitability and 
environment safety. Efficient use of resources and well judged application of 
technology has the capacity to face the challenges of energy scarcity in future. 
Integrated nutrient management, integrated pest and disease management, efficient 
water management, adoption of organic farming, integrated farming system approach 
and conservation agriculture and use of renewal energy sources are the possible ways 
to enhance energy use efficiency in agriculture sector. 
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Energy Sinks in Agriculture 
Agriculture and energy go hand in hand. Energy is always essential for the production of food. Prior 
to industrial revolution human and animal muscle power were used as energy source to perform 
agricultural activities. As a result of industrial revolution, agri-food production system shifted 
towards fossil fuel derived energy. Currently, modern agriculture consumes fossil fuels for several 
purposes:  
 

Fertilizer Production  
A huge amount of manufactured fertilizers are used in agri-food production system, which requires 
considerable amount of fossil energy. Mining of natural ores of phosphorus (P) and potassium (K) 
even consumes more energy. Further, transportation and application of these synthetic fertilizers are 
also energy depended processes. 
 

Water Consumption 
Agriculture is incredibly water intensive as about 80% of fresh water resources are used in 
irrigation only. Crop irrigation and drinking water for livestock management are major agricultural 
sinks of water. An immense amount of energy is being used in pumping water from greater depth 
and moving irrigation water. Further, treatment of waste water for agriculture use is also energy 
consuming process.  
 

Farm Operations 
Mechanical tillage is the most energy-consuming operation in food production. Modern agriculture 
relies on machineries right from field preparation to sowing, weeding, harvesting and winnowing 
that runs on gasoline and diesel fuel.  
 

Measures to Enhance Energy use Efficiency 
 Among the most obvious solutions, efficient use of resources and well judged application of 
technology has the capacity to face the challenges of energy scarcity in future. Energy efficiency in 
agriculture can be accomplished by:   
 

Nutrient Management 
Inefficient fertilizer management leads to substantial monetary losses and present environmental 
risks (Singh et al. 2016). Replacement of energy-intensive synthetic nitrogen with organic fertilizers 
is the prime factor which can reduce fossil fuel expenditure. Promote use of non-synthetic nutrient 
sources like manures, compost, biofertilizer, cover crops, and legumes in rotations. In addition, site 
specific and precision nutrient management raise use efficiency of mineral fertilizer by minimizing 
their overuse and loss by various methods. All of these practices contribute to reducing the use of 
fossil fuels.  
 

Integrated Pest Management 
High energy use in pesticide manufacturing highlighted the need to reduced use of fossil energy-
based insecticides and herbicides in conventional farming systems. Replacing insecticides by 
integrated pest management practices reduce the overall use of these agrochemicals and associated 
‘embodied ‘fossil fuel and  help farmers to better cope with raising energy costs. Likewise, instead 
of sole use of herbicides, following integrated weed management also successfully reduce 
dependence on non-renewable energy.  
 

Efficient Water Management 
Energy spending in irrigated agriculture results chiefly from water pumping. The electrical or diesel 
energy used for irrigation is being wasted due to poor pump and motor efficiency. Use of more fuel 
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efficient irrigation motors or engines, selection of appropriate pump size, regular maintenance of 
irrigation equipments, irrigation monitoring and targeted water delivery are prerequisite for energy 
smart agriculture. Conversion of flood irrigated fields to drip irrigation improve energy efficiency 
and reduce water losses through improve water delivery service. 
 

Clean Energy Generation 
Farm can produce their own clean energy. Renewable energy sources for agriculture consist of 
wood-waste gasifier, agro-waste gasifier, wind pump, and PV pump. Where good solar, wind, 
hydro, geothermal or biomass energy resources exist, they can be used to as a substitute for fossil 
fuels in farming and aquaculture operations.   
 

Organic Farming 
Manufacturing, transport and application of agrochemical are highly energy intensive. But, 
application of agrochemicals is strictly prohibited in organic agriculture. That is why conversion to 
organic farming systems will reduce the dependence on energy and increase the efficiency of 
energy use per unit of production (Pimentel 2006). The energy used in seed, or livestock-breeding 
stock also make a little difference in energy use efficiency in conventional and organic farms. 
Further, organic farming raise the soil organic matter status and consequently water holding 
capacity of soil. So, low irrigation water demand save electricity or diesel energy. So, organic 
farming practices can make in this quest for energy smart agriculture.  
 

Conservation Agriculture 
Among various agricultural practices, tillage operation is the greatest consumer of fossil fuel energy 
as it contributes about 30% of the total energy use in crop production. Zero tillage reduces fossil 
fuel requirement and save labour and cost. Under improve soil conditions. In long term, 
conservation agriculture practices (no till + permanent soil cover + diversified crop rotations) led to 
reduction in fertilizer, herbicide and irrigation requirement and significant fuel savings (Picture 1). 
On an average, 15.5 kg fuel/ha can save by adopting conservation agriculture practices. This system 
can also provide many benefits like increased crop productivity, lower production cost, soil and 
water conservation, low green house gas emission and time saving in field preparation.  

 
Picture 1. Zero till sowing and permanent residue cover 

 

Integrated Farming Systems (IFS) 
IFS make energy self-sufficient farms through integrate production of renewable energies viz. 
biogas, solar energy (Picture 2), wind energy and biofuel 
within the farm. These systems reduce agronomic inputs 
use through sustainable use of natural resource, rational 
use of agrochemicals and integrated management of 
nutrient and also due to higher managed and natural 
diversity. Such farms can mitigate carbon emissions and Picture 2. Solar panel 
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offer resilience to probable climatic changes. An integrated farming system has potential to bring 
energy security and farm profitability in agriculture. It posses mitigation and adaptation strategies to 
address climate change concerns.  

  

Appropriate Mechanization Pathway 
 Farm mechanization has contributed increased yields with low cost and time saving in conducting 
field operations. Lack of knowledge and skills in the efficient utilization, proper maintenance and 
repair of machinery affects energy efficiency and fuel consumption. One of the great opportunities 
for energy savings from farm vehicles is enhancing tractor fuel efficiency. Tractor fuel efficiency 
can be as simple as proper tire inflation, regular vehicle maintenance, and reduced idling. Such 
actions save energy and also extend the tractor working life.  Use more efficient machinery and 
equipment and choose right equipment sizing to gain significant reductions in fuel use and 
equipment wear. Supports capacity building to improve efficiency and reduce maintenance costs by 
integrating agricultural mechanization into the overall concept of a sustainable intensification of 
crop production.  
 

Conclusion 
To ensure future global food security, a paradigm shift towards energy-efficient agri-food systems 
is needed that would reduce input energy in land preparation, irrigation application and use of 
manufactured fertilizers and pesticides. Such type of approach which relies less on fossil fuel-based 
inputs, will reduces producers’ fuel costs and makes production more resilient to fluctuations in 
energy prices. 
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