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ENERGY USAGE IN AGRICULTURAL PRODUCTION

John N. Walker, Professor
Department ¢f Agricultural Enginecring

Introduction

Agriculture, even in its most primitive state, includes
activities related to the collection and storage of solar
energy in a form that can be used to sustain life. Energy
must be expended in terms of human labor, animal labor,
and fossil energy used for products and machinery utilized
by agriculture. Because fossil energy is in short supply,
many people are concerned, and rightfully so, about the
effect that restricted energy availability will have upon agri-
culture production,

According to Hirst (7), 12% of the total energy used
in 1963 in the United States was used as part of the total
food chain. This includes off-farm food processing, trans-
portation, and food preparation inn addition to the on-farm
usage. As indicated in Table I, the on-farm use of energy
only accounts for about 2.2% of the nation’s total energy
use. Today most estimates would suggest agriculture is
using closer to 3% of the total energy. In any case, it is a
relatively small percentage of the total. The energy used in
home heating, transportation, or by industry far exceeds
that vsed by agriculture,

Table 1.—Energy Use in Food Production and Consumption.

% of U. 8. % of Food
Total Related Energy Use

On-Farm (Agriculture) 2.2 18
Processing (Off-farm) 4.0 33
Transportation 04 3
Wholesale and Retail

Trade 19 ié
Home Storage and

Preparation 36 30

But the importance of energy consumption by agr-
culture should not be underrated. Though small in terms of
the total, agriculture still uses annvally 4 billion gallons of
gasoline, 2.5 billion galtons of diesel fuel, 1.3 billion gallons
of L. P. gas, plus undetermined amounts of natural gas,
kerosene, and other fuels. Agriculture uses 39.7 billion
kilowatt-hours of electricity every year (3). In terms of L.
P. gas, agriculture uses 17% of all that is sold. About 25% to

35% of this L. P. gas use goes into crop-drying, which is a
very seasonal operation. Figure 1, which shows the type of
fuel wsed by farms by major activity, shows that both coal
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Figure 1.--Energy Use by Type of Fuel by U.S. Agriculture.

and electricity are comparatively small and that agriculture
is heavily dependent upon the petroleum fuels. Since this
fuel is in the shortest supply, pressures will be exerted on
agriculture to reduce energy usage and to improve the effi-
ciency of agricultural operations.

Ratio of Energy Input to Output

One measure of agricultural efficiency in terms of
fossil energy use is the ratio of energy output in agricultural
products to the fossil energy input in agricultural activities.
For such an analysis one can consider the total food-chain
or can restrict the analysis to the on-farm energy use. If this
restriction is made, the energy associated with tillage,
harvesting, storage facility manufacture, heating for farm
buildings, machinery manufacture, fertilizer, seed produc-
tion, pesticides, irrigation and drying should be included.
Heichel (4,5) refers to these as cultural energy inputs. As
sugpested ecarlier, off-the-farm energy inputs in food
processing, transportation and preparation are considerably
greater; however, these inputs are largely beyond the



control of the farmer and they should therefore be con-
sidered separately,

Crops and livestock have a wide range of “energy
efficiencies.” Cervinka (1} computed the ratios of energy
output to energy input for a number of crops. Similarly,
the National Acaderny of Sciences (9) in discussing agricul-
tural production efficiency provides data for selecied
apimal enterprises. The raticg from these two sources are
shown in Table 2. This table shows that for most un-
processed farm crops smore enerpy s produced than is used;

Table 2.~Encrgy Efficiency of Selected Agricuitural Enter-

prises,
Batic Btu Cutput Pounds Mest
Enterprise Biu Input  Pounds Feed
Barley 5.6
Lorn 3.2
Corn Gneluding diyving} 2.3
Potatoes, raw 2.1
Apples, raw 12
Beans, green (frozen) 833
Beans, green (canned) ' .29
Broccoli {frozen) .13
Brotlers G6.12 2.36
Hogs .20 .20
Caitle 406 g.07

however, when those crops are {ed to andmals o produce
meat the ratio is much tess than 1.0, indicating more energy
is tequired than i produced. Although Table 2 would
suggest bardey or other grain crops should be grown on 332?
land, this & misleading, because the barley k not
unprocessed form for huoman consumption
frozen broccoll is suitabde. B meust als
dietary reguirements require the oo
of foods, and production decks
on energy efficlency criteri.
The animal efficiency figures in 'E”aieﬁe % show mu
roilers are the most efficier i*y, in ferms ing
f“ eed inio pounds of meat, however, the Emw is tin et
nargy efficient animal, g__ﬂ’(}iﬁ@%“*g more Btu of e
pinl tor each By of energy input. Cattle
cient, being two o thies thmes leg :
ang hmg-;:m These figures age based upon comventional
oractice and show the insfficlency of feeding concentrates
to caftle, 1Y roughages are used this chenges. Roller {12)
reports a 20% improvement in energy efficiency when
cattle are range forage fed 1o a weight of 850 pounds and
then finished, instead of receiving conventional faediot
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finishing. Not only do cattle become more efficient when
fed forages, but more importantly, they are wtilizing a
matezial not suitable even in processed form for human
consumption. This was graphically demonstrated by Etein-
hart et al., (13) as shown by Figure 2. Note that range-fed
beef actually retuin mote energy than they consume. This
iz done while utilizing lsnd that in many cases is not
suitable for other crops because of erosgon or fertility
problems.
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in 1970, Thiz incresse i com g;w duetion | ]
Figure 1. During the 2 imbor por sore
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The relationship between eperpy input and incressed
vield is also iHustrated by Steinhart (13} (sex Figuie 4).
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Lz{}p svetemsd would not ko turn reduce yield, This does not
mean that nefficient eneryy uiilization doss not aM,E in
agricuirural production. 3 doses, and sgriculiure can econo-
mize on its utilization of energy. Howsver, » general reduc-
tion or one which restricts & particular practice should be
carefully evaluated in ferms of iix impact on both produc-

tion and energy. This is particularly true in view of world-
wide food supplies.

Effects of Coltural Practice on Energy Use

The infivence of cultural practice can be deamatic in
terms of energy input and yield. Heichel (5) reports that as
little as 794,000 Btufecre of energy input ccours tmder
subsistence peasant type farming where all energy input is
in the form of human energy. He reported yields (com
culture in Ghana)} of 6,330,000 Bty of food being produced
for this expenditure of energy. Farming with 1915 horse-
pulled equipment slong with stationary engines increased
the yield to 31,700,000 Bt per acre. When 2l modern
agricultural practices and squipment are used the yield is
increased to 93,200,000 Btu per acre per year; however, at
this point 19,800,000 Btu of enerpy is being expended per
acre per year. In terms of energy use efficiency the comn
farmer using primitive methods doss the best job with
about & Btu produced per Bie of encrgy input. The modemn
farmer only retumns 4.8 Bto per Btu of energy inmput.
Heichel (6) further reported that when irzigation is used the
return drops deamatically to 2.2 Bte per Biu input. Though
this suggests sgriculture should retum o the energy eoffi-
cient procedurss of primitive farpdng, the difficulty is that
because yield & so much lower under such technology, ade-

. guate fond cznnot be produced.

Eyen the use of honedrawn equipment would not
produce enough food, Gavett (2) esthmated that to produce
the U, 8, crops grown in 1974 with the animal power and
technology of 1918, &1 millon horses and mules would be
required. It would take 20 vears to produce this number
from the ¥ million now avallable. The animels would have
to be fed every day aund not fust on working days, The feed
needed would require hav and other forages from 180
millios: scres of cropland. This amounts to ebmogt balf of
the current cropland in the United States. The amount of
food for humen consumption would be greatly reduced,
food prices would rise and agricultumsl exports would be
fost, B would be cleasly unwise to feed our crops to borses
and mudes when people abroed are starvieg and when the
wrops could ofberwize be traded in the werld market for
twrothinds of the fuel used in the totel 1. 5. economy .

Iz view of world-wide food needs and the U 3.
hulunce of trade, if high food output must be rmuintained,
then modern agricultural technigues must be used. Under
this constralnt the opilons awe fewer; however, the oppor-
tunity for copservation of energy stifl exists. This can be
fhastrated by considering severs! altemative production
schemes. Using com production as an example and con-
sicering =il inpuis, the energy vse for five different cultural
techniques i shown in Figure 5

An apalyds of siternative com produciion schemes




reveals that different practices have a definite impact on
encrgy usage. For the five schemes evaluated, the most
energy efficient systern (no-tillage with drying restricted to
5 points moisture reduction) used 32% less energy than the
least efficient (no-tillage, increased nitrogen fertilization
and drying 10 points).
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Figure 5.—Energy Usage by Various Agricultural Produc-
tion Schemes,

A. Conventional-Tillage, Drying 10 points

B. Conventional-Tillage, Drying § points

C. No-Tillage, Drying 10 points

D. No-Tillage, Drying 5 pounds

E. No-Tillage, Heavier Fertilization, Drying 10 points

One of the most significant factors of this analysis is
the relatively large energy input associated with fertiliza-
tion, which accounts for approximately 60% of the total
energy input for conventional culture. No-tillage is fre-
quently reparded as improving energy efficiency when
compared with conventional-tillage culture (10); however,
if comparable high yields are desired with no-tillage,
approximately 30 ib more nitrogen fertilization is normally
recommended. This is shown in Figure 5 as Scheme E.
Though the energy for field machinery operations with no-
tillage was less than with conventional-tillage, the energy
associated with the increased fertilization makes the no-
tillage operation the most inefficient from an energy view-
point.

The next largest energy input is that associated with
drying. If heated air is used and the moisture content is to
be reduced an average of 10 points (say 26% to 16%) by
drying, then 1,170,000 Btu of energy is required. Reducing

the drying requirements by 5 points (21% to 16%), reduced

the energy required for drying to 587,000 Btu. In this case

the impact on field losses of allowing the com to remain in

the field until it averaged 21% as oppoted to 26% needs to

be considered. This added field drying could be expecied to

increase ficld losses by about 4% (8). Assuming a yield of
100 bushels per acre, the energy in the lost com would be

equal to 1,600,000 Btu per acre. This is 2.7 times greater -
than the energy saved by delaying harvest.

If irrigation had been used (for example, 10 inches by
means of sprinklers).an additional 1,490,000 to 5,800,000
Btu/acre of energy would have been required. This could
result in a doubling of the total energy input. The potential
for energy saving should also be apparent. For example,
with conventional production, if agricultural waste could be
used to replace one-half of the fertilizer, a savings of
1,750,000 Btu/acre of energy might be realized.

Similar analyses can be made of other agricultural
operations and various alternative production schemes to
evaluate the energy requirements for any desired crop or
production system. Since the possible combinations are
virtually endless, no attempt was made in this paper to
evaluate other types of farm operations. It is apparent that
in such analyses the effect on production (crop vield) must
be evaluated so that the effect on both overall production
and the energy required per unit of preduction can be
determined. This was clearly demonstrated above in the
example abeut increased field losses because of delaying the
harvest to allow the moisture content to drop in the field.

Summary

This overview of the amounts and types of energy
inputs into agriculture shows that aithough the energy used
in production agriculture is a small portion of total U, 8.
energy consumption, conservation of that energy is
desirable and will prove to have increasing economic bene-
fits for an individual farmer as energy costs rise. To return
to a less energy-intensive, technology-oriented agriculture
would not be feasible while maintaining the present level of
food production.

‘When analyses of the energy inpuis into corn produc-
tion are made it is important to consider the total opera-
tion. This includes changes in fertilization required by a
change in machinery usage, effect on field losses, changes in
yield and changes in product quality. A system which has a
low fossil fuel requirement {gasoline, fuel oil, etc.) may not
have the lowest overall energy requirement, particularly
when yield is considered and the energy usage is computed
per unit of food produced.

Despite large energy inputs, the energy yield in comn
at harvest exceeds by several times the inputs. As energy is
added in off-farm transport, processing and handling this



may cease to be true, but for almost all crop operations the
energy at point of harvest or on-farm storage exceeds the
energy required to produce the crop. In this sense agricul-
ture is a producer of energy rather than a user of energy. It
is important to remember, however, that agriculture is not
practiced to produce energy, rather, it exists to produce
food, a basic commodity of man. Therefore, any reductions
in the energy available to agriculture must be weighed
against the acceptability of a potential decrease in food
production.

REFERENCES

1. Cervinka, V., et al., “Energy Requirements for Agri-
culture in California.” California Department of Food
and Agriculture and University of California, Davis,
January 1974,

2. Gavett, E. E, “Can 1918 Farming Feed 1975
People?,” The Farm Index, pp. 10-13, August 1975.

3. Hansen, E. H., “Agricultural Needs for Energy,”
Proceedings Energy For Agriculture Conference, Corn
Refiners Association, Purdue University, pp. 3348,
Sept 18-19, 1973.

4. Heichel, G. H., “Comparative Efficiency of Energy
Use in Crop Production,” Connecticut Agricultural
Experiment Station Bulletin 739, 20 pages, Nov.
1973.

5. Heichel, G. H., “Energy Needs and Food Yields,”
Technology Review, July/August, pp. 19-25, 1974.

11.

12,

13.

Heichel, G. H. and C. R. Frink, “Anticipating the
Energy Needs of American Agriculture,” Journal of
Soit and Water Conservation, Jan/Feb 1975.

Hirst, E., “Food Related Energy Requirements,”
Science Vol. 184, pp. 134-138, April 12, 1974,
Loewer, 0. J,, Jr., G. M. White, and D. G. Overhults,
“Economics of Drying, Storage, and Feed Processing:
Part 1 Operational Considerations,” Kentucky
Cooperative Extension Service, Department of Agri-
cultural Engineering AEN 34, July 1975.

National Research Council Committee on Agricul-
tural Production Efficiency, “Agricultural Production
Efficiency: Chapter 6-FEnergy and Agricultural
Productivity,” National Academy of Sciences, pp.
111-131, 1975.

Nelsen, L. F. and W. C. Burrows, “The U. S. Agricul-
tural Energy Future,” Agricultural Engineering, Vol.
55 No. 9, pp. 1799, Sept. 1974.

Pimental, D. “Energy Crisis and Crop Production,”
Energy and Agriculture: Research Implications
Seminar Proceedings Report No. 2, North Central
Regional Strategy Committee on National Resource
Development, pp. 41-64, October 25, 1973.

Roller, W. L., H. F. Keener, and R. D. Kiine, “Energy
Costs of Intension Livestock Production,” Paper No.
75-4042 American Society of Agricultural Engineers,
June 22-25, 1975.

Steinhart, J. S. and C. E. Steinhart, “Energy Use in
the U. S. Food System,” Energy and Agriculture:
Research Implications Seminar Proceedings, Report
No. 2, North Central Regional Strategy Committee
on National Resource Development, pp. 4164, Oct,
25, 1973.



The Collegse of Agriculture is an Equal Opportunity Organization with respect to education and employment and is authorized to provide research, educeational informalion and other
services anly to individuais and institutions that function without regard to race, color, national origin, sex, religion, age and handicap. Inquiries regarding compliance with Title Vi and
Titte VIl of the Civil Rights Act of 1864, Title iX of the Educational Amendments, Seciion 504 of the Rehabiiitation Act and other related matters should be directed to Equal Opportunity
Office, College of Agriculture, University of Kentucky, Room 5-105, Agricultural Science Builging-North, Lexington, Kentucky 40546

Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the U.5. Department of Agricutture. Charles E. Barnhart, Director of
Cooperative Extension Service, University of Kentucky College of Agriculture, Lexington, and Kentucky State University, Frankfor?,

3M--11-78; rev. 3M--2-81



	University of Kentucky
	UKnowledge
	11-1978

	Energy in the Home: Energy Usage in Agricultural Production
	John N. Walker
	Repository Citation


	AEES-11: Energy Usage in Agricultural Production

