
 
 

 
In the United States, agricultural operations are 

highly dependent on machinery, chemicals, and other inputs 
which reduce labor costs and enable higher yields. Energy use 
is closely tied to the efficiency of these operations. A 
comprehensive analysis of the particular ways in which energy 
is used in agriculture, and an equally comprehensive analysis 
of the relative efficiencies of these various uses, is therefore 
warranted for the benefit of farmers and the consumers of their 
products. 
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The U.S. food system accounted for 15.7 percent of total U.S. 
energy consumption in 2007, up from 14.4 percent in 2002 
(10). On-farm production amounts to approximately 20% of 
the total system energy, while 40% of agricultural energy use 
goes into the manufacture of chemical fertilizers and 
pesticides (9). However, agriculture consumes more petroleum 
products than any other single industry in the food system 
(10). 

Energy Use by Commodity 

The share of total US energy consumption by 
agricultural operations was approximately 2.73% in 2008 (3), 
making energy use by agriculture fairly insignificant in terms 
of reducing total consumption of energy by the nation. 

Table 1 represents energy-intensive inputs for 
selected field crops commonly grown in the United States. 
The first column represents total gallons of fuel used in the 

field, while the second represents total equivalent amounts of 
energy consumed in the manufacture and application of 
fertilizers and pesticides used. This data reflects use levels 
found with conventional management techniques in 1976, as 
no newer information is available. 

It is evident that the cultivation of different crops 
results in significantly different energy expenditures. Fruits 
and vegetables may require high levels of fungicide and 
insecticide use, often along with high levels of fertilizer use. 
Soybeans, oats and wheat, on the other hand, show a low level 
of fuel use since they require fewer field operations and less 
fertilizer. All these crops can vary considerably in energy use 
based on their management and place in the overall cropping 
system. 

Energy use in greenhouse operations is quite different 
from field crops. In New Jersey, winter heating may use 1 
gallon equivalent of fuel oil per square foot, plus or minus 0.5 
gallons depending on location and type of structure, among 
other factors. 

Nursery production in the state is a significant 
enterprise, however, energy use data has not been calculated. 
Such energy use could be high in farm operations where there 
is high production intensity. 

Energy Use in Food Production 

In 1996, United States production of animal proteins 
for food use consumed approximately 76,367 kilocalories 
(kcal) per kilogram of protein produced (2). Of all types of US 
protein products, the production of chicken is the most 



efficient in terms of the fossil energy input required, closely 
followed by dairy products and eggs (2). Other types of animal 
protein production, by product, are significantly less efficient 
in their use of fossil energy inputs, however, the maximization 
of use of biomass inputs greatly reduces the necessity of fossil 
energy inputs. As an example, the production of grain-fed beef 
uses 35 kcal of fossil energy per kcal of protein production, 
whereas production of beef by grazed cattle uses 10 kcal of 
fossil energy per kcal (2). 

Comparing plant protein production and energy use, 
quite a different picture is presented, even with intensively 
produced fruits and vegetables. In the eastern US, for 
example, apple production was estimated to use 0.91 kcal of 
inputs per kcal of product. Direct inputs to production of 1 
kcal of apples required inputs of 0.62 kcal of petroleum, 
accompanied by indirect inputs of 0.15 kcal of herbicides, 
insecticides, and fungicides combined (pesticides); and 0.l0 
kcal of soil fertility additives such as lime, and nitrogen 
fertilizers (1). 
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Energy efficiency of the production of feedstuffs 
used in animal protein production tends to be lower than that 
of the production of vegetable products consumed directly by 
humans. Production of alfalfa in Ohio, as an example, was 
estimated to use 0.16 kcal of inputs in the production of 1 kcal 
of alfalfa, with 0.084 kcal of that used as petroleum, 0.025 
used as soil fertility additives, and 0.0035 used as pesticides 
(6). However, as noted previously, even with the efficient 
production of feed grains, the production of meat is not as 
energy-efficient as for fruits and vegetables. It should be 
emphasized that if grains are consumed directly by humans, 
energy inputs into production are relatively low compared to 
calories produced in the grain unless significant processing 
takes place. 
 

Comparing Direct and Indirect Energy Use 
In examining energy use by the agricultural industry, 

consumption of energy must be broadly categorized as either 
“direct” or “indirect”. Direct consumption is expenditure of 

energy on the farm. Direct consumption encompasses uses 
such as the powering farm machinery, heating and ventilation 
of production facilities, lighting, and transportation of labor to 
and around the farm. Direct uses accounted for approximately 
1.1% of total US energy use in 2008 (7). Indirect 
consumption, by contrast, is consumption of energy in the 
production of the non-energy inputs to agriculture, such as 
fertilizers and pesticides. It accounted for approximately 
1.63% of total US energy consumption in 2002 (7).  

Chart 1 provides a breakdown of the various direct 
and indirect energy uses in US agriculture. Energy invested in 
fertilizers far exceeds any other inputs. More than two-thirds  
of the energy invested in fertilizers, is used in the production 
of nitrogen fertilizers (4). Conversely, while energy invested 
in pesticide manufacture is higher than any other input on a 
per unit basis, overall energy use in operations is low because 
only a few pounds or gallons are used per acre.  

Forms of Energy used in Agriculture 
The specific forms taken by the energy used directly 

in United States agriculture (see Chart 2), No. 2 petroleum 
distillate (also known as “diesel fuel”, “home heating oil”, and 
“fuel oil”), used as both fuel for internal combustion engines 
and as a heating fuel, accounts for the greatest share by energy 
content (5). In 2005, approximately 0.45 quadrillion British 
Thermal Units (BTU) of No. 2 distillate were used in US 
agriculture (5). Gasoline, classified as a light petroleum 
distillate and used nearly exclusively as a fuel for internal 
combustion engines, and electricity supplied by local utilities, 
were both used in a quantity of approximately 0.14 quadrillion 
BTU (5). LP and natural gas, both fossil gases used primarily 
as heating fuels and occasionally to power machinery used 
indoors, were used in quantities of approximately  
0.05 quadrillion BTU (5).  

From 1995 to 2005, use of gasoline in agriculture has 
steadily declined at a rate of approximately 0.005 quadrillion 
BTU annually (5). This can be explained by: 1) the sensitivity 
of agricultural operators to the rising price per BTU of 
gasoline, 2) the fact that there is no way to use it with more 



than about 40% efficiency, and 3) the retirement of large 
gasoline-fueled equipment, which largely ceased to be 
manufactured after 1970 (4). 
 Use of LP gas, and “natural” gas, in agriculture, has 
remained at roughly the same levels from 1990 to 2005, but 
trends in the use of each gas tend to move in proportion to the 
price of the other gas. This can be explained by the fact that 
almost all equipment powered by either of these gases can 
easily be retrofitted to use the other gas at very little cost.  
 

 
 

Saving Energy in Agriculture 
 

The ways in which energy use must be examined in 
agriculture is unique to each segment of the agricultural 
industry, and is differentiated primarily by crop type and 
secondarily by geographic location. Energy use tends to be 
more intensive in the production of perishable products 
intended for sale as food, such as vegetables, as a high value is 
given for the timely production of these products and a 
consequentially high investment can be made in producing 
them under conditions less than ideal in a given time and 
place. Significant energy savings can be realized by producing 
seasonal crops during their natural season. Crops which can be 
stored for a long period of time or easily transported over a 
long distance, such as grains or fiber products, tend to require 
lower energy inputs as time can be taken to grow them in 
places where the sun will do the work of the energy inputs for 
an agricultural operation. 
 Direct comparisons of the relative energy efficiency 
of various segments of the agricultural industry are difficult as 
the outputs of these segments differ in their nutritional value, 
dollar value per pound, overall usefulness to society per dollar 
produced, and other measures. However, comparisons can be 
made between similar agricultural operations conducted in 
different regions of the United States. Such operations tend to 
use more energy as suitability of the region for that operation 
declines. For example, the production of cereal grains in the 
Southwest tends to require a relatively high consumption of 
electricity and No. 2 distillate, to power irrigation equipment, 

and returns on all energy inputs are decreased somewhat due 
to reduced yields caused by the unsuitable growing conditions 
of the area. 
 Location of agricultural operations to maximize the 
efficiency of delivering the products of the operations, often 
can affect the relative value of the particular forms of energy 
used in the operations. Locations which have easy access to 
market, almost as a rule, have higher real-estate values and 
significantly more legal restrictions which are a hindrance to 
efficient agricultural operations. In these locations, 
opportunities to produce energy on the farm are reduced due 
to the scarcity of the space needed. Additionally, as distance to 
food markets decreases, municipal zoning ordinances which 
preclude certain energy-saving practices, such as anaerobic 
manure digestion, tend to become more common and 
restrictive.  

An effective way to simultaneously bring the benefits 
of reduced energy use to multiple segments of the agricultural 
industry is to utilize the synergies between differing types of 
crop cultivation. Avoidance of monocultures can often allow 
the farmer to use the by-products of one crop as inputs for the 
next. For example, reductions in the large portion of inputs in 
the form of soil fertility additives (see Chart 1) can be realized 
through maximizing the use of nitrogen-fixing cover or 
primary crops on cultivated land.. In most areas nitrogen 
availability is the largest limiting factor to plant growth, so the 
energy-efficiency of methods used to increase it account for a 
large proportion of an operation’s overall energy efficiency. 
Use of nitrogen-fixing rotations or manure application can be 
of great benefit to the efficiency of nitrogen management. 
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In addition, total energy flow through agricultural 

operations can be ultimately reduced through the use of 
biomass energy sources. Use of cover crops and reduced-
tillage cultivation practices may reduce the need for irrigation, 
and further reduce the need for the use of fossil fuels in tillage 
of land. 



The goal of the audit is to identify opportunities to 
change production practices so that energy efficiency is 
optimized. Farm audits identify the energy efficiencies of 
agricultural operations by quantifying the various forms of 
energy inputs used in a particular operation. Many 
opportunities to use biomass as an energy input are 
particularly beneficial to conservation of energy. Audits can 
focus on resources available for the creation of biomass 
resources, such as seasonally vacant land, timber resources, 
and opportunities to use by-products of the operation in a way 
beneficial to the generation of usable biomass resources. 
Identification of opportunities to use wind or solar energy may 
also be of benefit to reducing the farm’s energy inflow. 

Audits must also seek to minimize traditional energy 
inputs. For example, the cost of overhauling ventilation fans 
can be compared to the cost of the energy wasted by worn 
bearings in these fans. The audit can then identify changes that 
can be made to an operation’s capital expenditure structure, so 
as to optimize the maintenance of equipment for energy 
efficiency. 

 Through these processes, the audit will 
identify any changes that can be made in a particular operation 
to maximize energy efficiency and reduce overall energy use. 
The audit will first determine the maximum efficiency of each 
possible input. The audit will then compare these different 
energy input scenarios and recommend the optimum relative 
balance of all possible energy inputs to an operation. 
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"The U.S. Department of Agriculture (USDA) prohibits discrimination in all 
of its programs and activities on the basis of race, color, national origin, age, 
disability, and where applicable, sex, marital status, familial status, parental 
status, religion, sexual orientation, political beliefs, genetic information, 
reprisal, or because all or part of an individual's income is derived from any 
public assistance program. (Not all prohibited bases apply to all programs.) 
Persons with disabilities who require alternative means for communication of 
program information (Braille, Large Print, audiotape, etc.) should contact 
USDA's TARGET Center at (202) 720-2600 (voice and TDD)." 
 
To file a complaint of discrimination, write to USDA, Assistant Secretary for 
Civil Rights, Office of the Assistant Secretary for Civil Rights, 1400 
Independence Avenue, S.W., Stop 9410, Washington, DC 20250-9410, or call 
toll-free at (866) 632-9992 (English) or (800) 877-8339 (TDD) or (866) 377-
8642 (English Federal-relay) or (800) 845-6136 (Spanish Federal-relay). 
USDA is an equal opportunity provider and employer. 
 
The USDA Natural Resources Conservation Service is committed to making 
its information accessible to all of its customers and employees. If you are 
experiencing accessibility issues and need assistance, please call the USDA 
Service Desk at 1-800-457-3642. For assistance with publications that include 
maps, graphs, or similar forms of information, you may also wish to contact 
the State or local office. You can locate the correct office 
and phone number at 
http://www.nrcs.usda.gov/sclocator.asp. 
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