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Energy Conservation in Food Manufacturing 
Carlos L. Sisco 
(202)44 7-8666

F
ood manufacturing accounts for 1 to 2 
percent of all energy consumed in the 

United States and 7 percent of all energy 
used in the total manufacturing sector. 
Natural gas, fuel oil, and coal are the ma
jor boiler fuels used to generate heat, 
while electricity operates refrigeration, 
lighting, motors, and conveyors used in 
food manufacturing. 

Total fuel consumption by the food 
manufacturing industry rose from 764 
trillion British Thermal Units (BTU's) in 
1954 to 948 trillion in 1980. However, 
evidence indicates that the industry can 
conserve substantial amounts of energy. 
Between 1972 and 197 6, the industry sur
passed the former Federal Energy 

Administration's target of 15-percent en
ergy savings by 1980 compared to energy 
use in 1972. Recent data published in the 

Census of Manufactures and by the 
Federal Reserve Board indicate a contin
ued decrease in energy use per unit of 
output in 1977-80. 

During 1954-71, energy conservation 
occurred through the replacement of 
numerous small, older food manufactur
ing plants with larger, more energy
efficient ones and the adoption of 
energy-efficient technology in existing 
plants. In contrast, from 1972 to 1980, 
overall industrial prices for energy (coal, 
natural gas, fuel oil, electricity) increased 
64 percent after adjusting for inflation, 

resulting in a decrease in energy use per 
unit of output. 

Energy Use Profile 

Coal declined in importance from 254 
trillion BTU's in 1954 to 102 trillion in 
1980 because of stricter air quality stan
dards and, prior to 1973, declining real 
(inflation adjusted) prices for fuel oil 
(table 1). Conversely, over the same 

Table 1. Use of Selected Fuels in the Food Manufacturing Industry, Census Vears1 

Fuel type 1954 1955 1962 1967 1971 1974 1976 

Trillion BTU's 

Total fuel oil 119 147 123 102 120 128 168 

Distillate oil NA NA 32 47 63 67 72 

Residual oil NA NA 91 55 57 61 96 

Coal 254 198 200 150 102 69 75 

Natural gas 267 249 336 353 489 471 444 

Electricity 41 54 63 83 121 127 133 

period, natural gas use increased from 
267 trillion BTU's, or 35 percent of total 
energy consumption, to 485 trillion 
BTU's, or 51 percent of total energy use 
in food manufacturing. 

The increase in natural gas use 
between 1954 and 1973 reflected a small 
decline in real gas prices prior to 197 3 
and increased use of energy-efficient gas 
boilers. In addition, the transmission and 

1977 1978 1979 1980 

186 192 125 102 

72 74 46 34 

96 118 79 68 

77 91 74 102 

426 417 448 485 

136 138 136 140 

NA � not available Source: U.S. Bureau of Census. Census of Manufactures. U.S. Government Printing Of-
1 

More recent data on total energy consumption in food manufacturing are not available. flee, Washington, D.C., Census Years. 1954-1980. 
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distribution network for natural gas in
creased substantially from 451,000 miles 
of pipe in 1955 to 897,000 in 1973, mak
ing gas. available throughout the United 
States. However, during 1973-79, real 
prices for industrial natural gas rose 123 
percent, and periodic shortages in the 
interstate market reduced consumption 8 
percent. 

Shortages of gas during the l 970's, the 
decline in coal use, and the overall 
growth of the food manufacturing indus
try raised fuel oil use from 119 trillion 
BTU's in 1954 to 192 trillion in 1978. 
However, since 1978, its use has de
creased 47 percent because of the in
crease in reliable supplies of gas. 

Food manufacturers use residual and 
distillate fuel oils. Residual is the heavi
est and least expensive, and is what 
remains after the lighter and more pre
ferred oils (distillate numbers I and 2) 
have been boiled off in the refinery pro
cess. The proportion of distillate and resi
dual oil used changed after 1974 as food 
manufacturers sought to minimize the ef
fects of the rising cost of oil caused by the 
Arab oil embargo of 1973-74. Distillate 
oil accounted for 67 trillion BTU's, or 53 
percent of total oil use in 1974; however, 
by 1980, residual oil accounted for 68 tril
lion BTU's, or 67 percent of the total. 

Unlike coal, natural gas, and fuel oil, 
electricity is used primarily as a source of 
mechanical or physical energy in refri
geration, lighting, product movement, 
grinding, and sorting. Use of electricity 
increased 241 percent from 41 trillion 
BTU's in 1954 to 140 trillion in 1980. 
Moreover, electricity's share of total en
ergy used in food manufacturing in
creased from 5 percent in 1954 to 14 per
cent in 1980, reflecting the general inabil

ity to substitute boiler fuels for electricity 
in food manufacturing. 

Energy Efficiency 

In 1975, Congress passed the Energy 
Policy and Conservation Act (EPCA), 
which required the Federal Energy Ad
ministration (FEA) (now the Depart
ment of Energy) to develop energy effi-
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Figure 1. Index of Energy Use per Unit of Output for the 

Food Manufacturing Industry 
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Source: Lutton, Thomas. "An Econometric Analysis of Inter-fuel and Inter-Factor 
Substitution in the Food Processing Sector," Ph.D. dissertation. University of 

Maryland, 1980. 

ciency improvement targets for each of 
the 10 largest energy-consuming 
manufacturing industries, including food 
manufacturing. The FEA established a 
target of IS-percent energy savings for 
the food manufacturing industry by 1980 
compared io energy use in 1972, meas
ured by energy·use per unit of output. 

USDA economist Tom Lutton found 
that from 1955 to 1976, energy use per 
unit of output in food manufacturing de
creased at an annual average rate of 3 
percent (figure 1). Also, from 1972 to 
1976, energy use per unit of output de

creased 17 to 20 percent. Thus, within 1 
year after the FEA 1980 target was estab
lished, the industry actually surpassed it, 
indicating substantial energy conserva

tion. 
Energy conservation by the food 

manufacturing industry continued over 
the 1977-80 period. The Census of 

Manufactures reports energy use de
creased 1. 1 percent in that period, while 

the Federal Reserve Board's industrial 
output index shows production increased 

approximately 8 percent. The decrease in 
overall energy use as output expands 
points to further gains in energy conser
vation. 

One of the causes of the increased en
ergy efficiency in the 1954-71 period was 
increasing returns. to scale. That is, 
greater efficiency for·large capacity plants. 
The introduction of better technologies 
and the exit of old, less energy efficient 
manufacturing plants during this period 
also contributed to greater efficiency. In 
contrast, energy price increases appear to 
have been the primary factor encouraging 
energy conservation between 1972-80. 
Real industrial fuel oil, natural gas, and 
electricity prices rose 127, 117, and 30 
percent, respectively, between 1972 and 

1980. There is no evidence of major 
changes in technology or returns to scale 
during that period. The decline in energy 
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use per unit of output appears to have 
been due primarily to the substitution of 
nonenergy inputs such as capital im
provements for conservation practices as 
energy prices increased. 

Food manufacturers adopted a variety 
of successful conservation measures dur
ing the 1954-80 period, including: prop
erly insulating steam lines, replacing inef
ficient energy intensive equipment, im
proving various management practices, 
and raising boiler/furnace efficiency. 
Since the easiest and most cost effective 
types of energy conservation have already 
been adopted, future substitution of 
nonenergy inputs for energy inputs may 
be more limited, particularly if energy 
prices do not rise relative to prices of 
nonenergy inputs. 

Natural Gas Efficiency 

Between 1954 and 1980, natural gas 
use in the food manufacturing industry 
increased 82 percent as real gas prices fell 
and the geographic availability of gas in
creased. Consequently, natural gas is the 
preferred energy input not only in food 
manufacturing, but the entire industrial 
sector as well. 

Currently, gas prices are being partially 
deregulated according to a schedule es
tablished by the Natural Gas Policy Act 
of 1978 (NGPA). Energy analysts project 
that this may double real industrial gas 
prices by 1985. Such increases could 
have significant effects on food manufac
turers who use 7 percent of the natural 
gas consumed in the industrial sector and 
16 percent of all gas used in the food and 
fiber sector. Higher food manufacturing 
costs would push up consumer food 
prices. The extent of the increase in 
manufacturing costs and food prices 
depends on the ability of manufacturers 
to pass the higher costs onto consumers 
and to substitute other, less expensive, 
inputs for natural gas and introduce 
further energy conservation measures. 

The substitution of other fuels for nat
ural gas may occur as gas prices rise, 
resulting in a decrease in gas per unit of 
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output relative to other energy/output ra
tios. Similarly, nonenergy inputs may be 
substituted for energy inputs to conserve 
energy and restrain food manufacturing 
costs and manufactured food prices. 

Evidence suggests that for the 1954-71 
period, natural gas use per unit of output 
increased for each of the nine major prod
uct groups that comprise the food 
manufacturing industry, largely as a 
result of abundant low cost supplies of 
natural gas. However, over the 1972-79 
period, gas use per unit of output de
creased dramatically, reflecting the sub
stitution of fuel oil for natural gas. A 

study by the private Development Plan
ning and Research Associates (DPRA) 

found that in 1972, two-thirds of the total 
energy used in food manufacturing was in 
the form of steam generated by boilers 
which can burn alternative fuels. The 
American Boiler Manufacturers reported 
that all of the boilers sold from 1965 to 
1975 had multiple fuel burning capacity. 

Implications 

Future conservation of energy by the 
food manufacturing industry could be 
very limited if, as forecast for the next 3 
to 5 years, the inflation-adjusted price of 
oil remains constant or declines relative 
to gas. Under these conditions, oil might 
well be substituted for gas in boiler fuel 
operations,• decreasing gas per unit of 
output. 

As relative input prices changed over 
the past 30 years so did input/output ra
tios. The extent of these adjustments to 
reduce energy costs are limited by tech
nology. If the future price of natural gas 
increases relative to other input prices, it 
is reasonable to expect inputs such as 
capital equipment and fuel oil to be sub
stituted for natural gas. Technological 
limitations could slow the rate of substi
tution. Moreover, if interest rates remain 
relatively high, investments in more 
energy-efficient capital equipment would 
be lowered despite investment tax credits. 
This would slow the substitution of capi
tal for energy and dampen the growth in 
energy conservation. However, analysis 
indicates even when the substitution po-

tential is zero, the maximum increase in 
consumer food prices as a result of gas 
deregulation would approach I percent. 

With over 20,000 U.S. food manufac
turing plants with varying potentials for 
conservation, the potential for gas substi
tution likely exists. Firms may well sub
stitute fuels, adopt new energy saving 
technologies as they become available, 
and build larger and more efficient plants 
which will foster natural gas conservation 
and lower relative production costs. Such 
events would minimize the effect of 
higher gas prices on consumer food 
prices. □ 
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