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Energy Efficiency and Sustainable Agriculture 

The modern food system depends on energy not only to produce food and to process it, but also to transport it from farms to 

markets. Food grown in conventional sustainable systems both depend on fossil fuels but to vastly different extents. 

Conventional distribution networks and food hubs can be optimized to deliver food in an efficient manner, but gains in 

energy efficiency may be offset by other sustainability concerns. So while conventional agriculture may appear to be more 

energy efficient due to economies of scale, externalities like fertilizer pollution, greenhouse gas emissions and animal welfare 

concerns are not included in that calculation. On the other hand, sustainable agriculture principles may not always be the 

most energy efficient in absolute terms, but they produce numerous other benefits such as increased soil health, pest control, 

erosion reduction and carbon storage. 

 

Energy’s Role in Agriculture 

Energy has always been essential for the production of food. Prior to the industrial revolution, agriculture’s primary energy 

input was the sun: plants grew naturally from photosynthesis and then served as food for livestock, which in turn provided 

fertilizer (manure) and muscle power for farming. With the adoption of farm machinery, synthetic fertilizers and other 

modern technologies, food production has become increasingly reliant on fossil fuels, such as synthetic nitrogen fertilizers, 

petroleum-based agrochemicals and diesel-powered machinery. 

 

Around the beginning of the twentieth century, farmers began to use tractors instead of horses. After World War II, cheap 

fossil fuels in combination with more powerful and specialized machines ended the need for animal labor in the US. 

 

Fertilizer Production 

Industrial farms use huge quantities of synthetic fertilizers, which, in the case of nitrogen, require significant fossil fuel inputs 

(primarily natural gas). A process called Haber-Bosch uses nitrogen from the atmosphere and fixes it with hydrogen derived 

primarily from natural gas to produce ammonia for fertilizer.  About three to five percent of natural gas production is used in 

the Haber-Bosch process to produce nitrogen-based fertilizers.  In 2010, approximately 100 mega tons of nitrogen-based 

ammonia fertilizer were used worldwide (while less than three megatons were used in 1950).  Other non-renewable fertilizing 

agents (e.g., potassium and phosphorus) are mined, consuming energy in the process. Since plants do not absorb all of the 

fertilizer applied to the field, fertilizers can also flow from fields to waterways, contributing to algal blooms and potential 

dead zones. 

 

Energy and Water Consumption 

Agriculture uses water intensively. Crop irrigation accounts for 29 percent of all water withdrawals in the US, and on 

livestock farms, a large supply is consumed by animals as drinking water and is expended for other purposes, like waste 

management. Agriculture competes with the energy sector for water needs. For example, water that is drawn out upstream for 

use in agricultural systems could lower the supply of a dam using water for hydropower electricity production. In addition, 

pumping, treating and moving large volumes of water from areas of abundance to drier agricultural areas of need all require a 

great deal of energy. About four percent of California’s electricity use is for agricultural purposes, with a good part of that to 

move water from the wetter northern part of the state to the arid, yet agriculturally productive regions in the 

south.  Additionally, two percent of the state’s electricity and five percent of the state’s natural gas consumption occurs in 

processing food. 

 

Farm Equipment 

Modern agriculture relies upon machinery that runs on gasoline and diesel fuel (e.g., tractors, sprayers, crop dusters, plows, 

trucks and combines), and equipment that uses electricity (e.g., lights, pumps and fans). In animal agriculture, much of the 

latter is required for use in indoor factory farm facilities, making pasture-based systems a more sustainable choice since they 

are less reliant on machinery. 

 

Processing, Packaging and Transportation 

Much of the food produced today is highly processed and heavily packaged, which further increases its energy footprint. In 

creating processed food, energy is used to grind, chop and mix products together and to cook, bake or otherwise handle the 

product. Manufacturing food packaging also requires energy; most food packaging is made from plastic, which is made out 

of petroleum. The amount of energy required for packaging varies greatly depending on the size, type and quantity of the 

materials. As a result of consolidation and centralization of production, foods are often transported long distances, requiring 

additional energy inputs. 

 

Energy and Animal Agriculture 

http://foodprintgcf.wpengine.com/issues/the-environmental-impact-of-food-packaging/
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Most meat, eggs and dairy products are now produced on factory farms, huge industrial livestock operations that raise 

thousands of animals in confined conditions without access to pasture.  The factory farms are known as confined animal 

feeding operations, or “CAFOs”.  Since the animals are unable to graze, CAFOs require tremendous quantities of feed 

produced by industrial crop farms using the energy-intensive processes described above. About half of the 90 million acres of 

land used to grow corn ends up as feed grain. And corn makes up about 95 percent of feed grain production. 7 Out of all acres 

of harvested cropland in the US, corn represents about 28 percent. 8 Factory farms are also potential sources of ground and 

surface water pollution, which may require municipalities and treatment facilities to expend additional energy and resources 

on water treatment. 

 

Conclusion 

Ultimately, energy intensity/efficiency is just one aspect of agriculture. Weeding and pest management, for example, may be 

more labor intensive in more sustainable practices, but could reduce the need for herbicides and insecticides. While 

sustainable agricultural practices require energy inputs just as conventional systems do, many opportunities for efficiency 

exist, and the benefits that accrue to other elements of the food system should not be overlooked. 

 

Questions: 

1. Compare and contrast food production before the industrial revolution with food production after World War II. 

2. Calculate the percent change in the use of nitrogen-based fertilizers between 1950 and 2010. 

3. List three uses for water in modern agriculture and two major problems associated with water use in agriculture. 

4. Describe where fossil fuels and electric farm equipment are commonly used. 

5. Define, in your own words, and give an example of the following 

a. Food processing 

b. Food packaging 

c. Food transportation 

6. Explain why companies transport foods over long distances. 

7. Define factory farms. 

8. What is CAFO is an acronym for what? 

9. What is the nearly half of corn grown in the United States used for? 

10. Suggest why factory farms are potential sources for water pollution. 

 

http://foodprintgcf.wpengine.com/issues/raising-animals-industrial-system/
https://foodprint.org/issues/agriculture-energy-consumption/#easy-footnote-bottom-7-1293
https://foodprint.org/issues/agriculture-energy-consumption/#easy-footnote-bottom-8-1293

