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FOREWORD

Farmers, urban residents, and people from every walk of life want
to know how to use less energy and cut energy costs. This book
tells of many ways to do that.

All of us are well aware of how the increases in energy costs
have cut into our incomes.

Farmers especially have been struggling to hold down their
production energy requirements so that Americans can continue
to get their food at reasonable cost. In fact, a new agricultural
revolution may be in progress—one in which agriculture’s own
renewable energy supplies may be used increasingly to fuel farm
machinery, heat farm buildings, dry grain, and serve many other
purposes.

Some of agriculture’s renewable energy supplies already are
being used in gasohol to fuel the family car.

Communities—and local leaders—are organizing ways to
reduce their energy outlays.

The U.S. Department of Agriculture has a variety of programs
in the energy field, all of them working hard to ease the Nation's
energy crunch.

And we feel that this book, which contains a large amount of
useful material for handy reference, is a major contributor to the
Department’s efforts. Every American should find something
worthwhile in this volume.

Bob Bergland
Secretary of Agriculture
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PREFACE

Conservin’ is deservin’—which is to say that energy conservation
deserves a cash return, and may bring you one. Your energy con-
servation also deserves the esteem of other people, who may be in-
spired to a conservation effort themselves.

There are dozens of ways to save energy. It’s something all of
us can do—not just to be patriotic, but because it helps us first,
and also helps everyone else.

One particularly useful chapter in this book that can help you
conserve energy is The Do’s and Don'ts of Home Insulation, by
Barbara Griffin. It is virtually a small encyclopedia on home in-
sulation, with many illustrations.

That chapter is just one example of the practical value of this
book. Other chapters will have special appeal to farmers,
foresters, homemakers, community leaders, young people,
science buffs, and anyone concerned about energy.

Authors of this book are specialists mainly from the U.S.
Department of Agriculture, and the State Land Grant Univer-
sities. The book was put together under the overall guidance of
James C. Webster, Assistant Secretary of Agriculture for Govern-
mental and Public Affairs.

Many individuals in the Office of Governmental and Public
Affairs contributed to the publication effort, including Hal Taylor,
Claude Gifford, David Sutton, Warren Bell, and Denver Browning.

Glenda Pifer, of the Science and Education Administration-
Extension, chaired the Committee that planned the book.
Members of the Committee were:

William A. Bailey, Office of Transportation

Daniel Ball, Farmers Home Administration

John Barringer, Rural Electrification Administration

William E. Carnahan, SEA-Extension

William Cox, SEA-Extension

Earle Gavett, Energy Staff, Office of Budget, Planning, and
Evaluation

John Hornick, Forest Service

Jerry Newcomb, Agricultural Stabilization and Conservation
Service

Marilyn Ruffin, SEA-Agricultural Research

Paul Schleusener, SEA-Cooperative Research

Donald Van Dyne, Energy Staff, OBPE

Jack Hayes
Yearbook Editor
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Where Farm Energy Goes

Part One of Overview
By Donald R. Price

Energy is basic to life. The survival of humanity
depends on an adequate supply. Production of food,
supply of clean water, and construction of shelter
are inextricably connected to various types of energy
inputs. A shortage of energy rapidly creates a
shortage of these life-sustaining essentials.

Certainly food shortages cause human suffering,
starvation, and social unrest. A continuous and
dependable flow of food must be maintained because
the consequences of an interruption are cata-
strophic by nature.

Energy has been substituted for labor and land
in American agriculture, resulting in a food-
producing capacity matched nowhere in the world.
The United States is blessed with fertile soils and
favorable climatic growing conditions, and American
farmers are the stewards of this great resource.

Our farmers, with the assistance of agricultural
scientists, have accomplished unbelievable levels of
productivity since the early 1940’s. Plant and animal
genetics, pest control, and use of fertilizers can
be credited with providing much of the increase.
Mechanization can be identified as a major con-
tributor. With the exception of plant and animal
breeding, most of the success required an increase
in energy input.

While productivity more than doubled since 1950
and labor was reduced by about half, the energy
input to agricultural production quadrupled.

It is important to put into perspective the energy
use in agricultural production relative to other
sectors of our energy consuming society. Less than
5 percent of energy consumed in the United States is
used in food production on the farm; most studies
put the figure at about 3 percent. However, con-
sumption in the total food and fiber system is
over 20 percent.

Even though total consumption of energy in
agricultural production is low relative to other major
sectors, it has become very essential. Timely delivery
of fuel is critical to many operations. Regional

DONALD R. PRICE is Director, Office of Energy Programs,
New York State College of Agriculture and Life Sciences
and College of Human Ecology, Cornell University.



Farms
Big User of
Solar Energy

differences, variability in weather, and fuel types
must be considered. Fuels consumed on farms must
be capable of meeting variable and high peak flow
demands. Failure to provide for such conditions
could result in total crop failure in some regions.

There is an important unique interrelationship
between food and energy. Agriculture consumes
energy in the production process, as just described.
However, the products that result from this process
contain large quantities of energy.

Agriculture is the only major sector that uses solar
energy on a broad scale. The process of photosyn-
thesis makes it possible for plants to convert the
sun’s energy into a readily storable and usable form
for other uses.

Much of the energy produced on the farm
through crops eventually finds its way to supplying
energy needs of humans. At the same time these
energy needs are being met, other required nutrients
are supplied as well.

Feed grains and several different legume crops
are converted to other storable forms of food energy
through livestock production. The only economically
feasible way to harvest crops from some land areas
is by animal grazing. Land that would otherwise
remain unproductive thus provides food energy
through livestock production.

If it were not for the large quantities of energy
needed to transport, process, package, market, and
store food, and for end use preparation, the energy
produced from farm crops would exceed the energy
input in the production process. However, the
additional energy input has allowed the food
processing and distribution industry to provide a
high quality product packaged and available to the
convenience of consumers.

Beyond meeting food energy needs of people in
the United States and many foreign countries, there
are other important benefits.

In recent years the monetary returns from
agricultural exports were over half the payments for
foreign oil. These exports required less than 5 per-
cent of total U.S. energy consumption.

The struggle with balance of payments is a
serious concern and the capacity to export large
quantities of U.S. agricultural products has
tremendous value in balancing payments through
world trade.

The two illustrations of the benefits from
agriculture relative to energy are probably sufficient
unto themselves. But, there is more. Besides



Potential
for Grains

supplying human energy needs and paying for oil
imports, agriculture is being looked to as a supply of
liquid and gaseous fuels.

Technology is available and gradually being
applied to intercept agricultural residues and animal
manures to extract energy before they are returned
to the land as fertilizer. The increased cost of con-
ventional liquid fuels and electricity is helping move
such technologies towards economic feasibility.

Further, there is keen interest in growing crops
specifically for conversion to liquid fuels. The grain
crops are currently considered prime candidates.

The starch in grains may be readily converted
to ethanol and used as a substitute for gasoline.
Ethanol that is anhydrous (200 proof) may be mixed
with gasoline (usually a 10 percent mixture) to make
gasohol. Gasohol may be burned in automobiles
and trucks without engine modification.

Ethanol with some water — such as 180 proof —
may be burned in internal combustion engines with
minor engine modifications.

Many controversial issues are related to the
use of food products as a liquid fuel source. The
availability of surplus grains may not continue more
than a few years, depending on weather conditions in
grain production areas and the ability of lesser
developed countries to increase domestic produc-
tion.

Because the current ethanol production
technology is rather energy-intensive, it is
questionable whether any real net energy is gained
when all energy inputs are counted. This concern is
particularly important if natural gas or fuel oil are
used as the energy inputs to the conversion process.
If coal, wood, municipal wastes, or agricultural
wastes are the energy input, there is less concern
about the energy balance.

Agriculture has always been the backbone of the
U.S. economy and an area of achievement for which
Americans can be justly proud. Now in a time of
major national and international concern for energy
resources, American agriculture is being focused in
on as a potential source of energy to help manage a
very difficult problem. It is most important to keep
sight of the balance between agricultural production
as a food source and as a potential source of energy.

A history of low fossil fuel prices relative to food
prices resulted in a growing dependence on these
fuels in the food and fiber system. The economics
along with a desire to eliminate hand labor tasks



Crop Needs
for Energy

caused a rapid substitution of mechanical labor for
human and animal labor.

Increased use of energy had the effect of
reducing risks of crop failure, and spoilage, and it
increased crop yields. Energy was expended to
increase the quality and total quantity of food, while
less land was needed thanks to the use of energy-
intensive fertilizers. Use of fertilizers has been
credited with providing a full one-third of grain
production.

Energy use in the food and fiber systems is
characterized by considerable diversity and varying
intensity depending on the region, crop, or process
involved. For example, energy required to produce
major feed grains is about 2,000 Btus per pound. In
comparison, input per pound of cotton produced is
nearly 24,000 Btus and for tobacco the requirement
is close to 30,000 Btus.

Nlustrating regional differences, low-intensity
corn production in North Dakota required approxi-
mately 1,200 Btus per pound of corn, medium-
intensity corn production in Illinois called for
1,700 Btus per pound, while high-intensity
irrigated corn in New Mexico needed about 8,400
Btus per pound.

Varying types of energy are often required for
different activities in food production. At the farm,
liquid fuels are the major direct energy use while
natural gas, LP-gas, and electricity are the major
types used in food processing. On-farm energy use
for dairies requires a major input of electricity for
milk cooling, operating milking systems, and
supplying hot water for sanitation purposes.

The food system, therefore, is very much affected
by shortages of any of the current forms of energy.

Another unique and potentially troublesome
concern in agriculture production is the timeliness
factor. The biological nature of food production,
including the uncontrollable environmental
conditions, result in an uneven flow of energy to
the system. Timing of liquid and gaseous fuel
requirements depends upon weather as it interacts
with the physical and biological aspects of the
environment. Weather conditions in some regions,
such as in intensive corn-drying areas, can make a
drastic difference in the energy requirements in any
given year.

No segment of society should be exempt from
the requirement to conserve energy. Every person
can and should participate in the goal to use less
energy and use it with greater efficiency.



Nitrogen
Fertilizers

There are some obvious major uses of energy
where large quantities of energy can potentially be
saved, as in transportation, But tremendous savings
will also come from the accumulated savings from
each individual.

Agricultural production falls into the category of
small users, yet there are many opportunities to save
and the active participation of workers is needed in
all segments of agricultural production.

It is true that a real spirit of efficiency has been
an active ingredient in the production system for
many years. Farmers are recognized for their ability
to be efficient in their farming operations and the
result of their efforts has been low priced, high
quality food. But there is room for improvement.

Use of nitrogen fertilizers is credited with providing a
third of the productive capacity of crops. If nitrogen
fertilizers were limited to 50 pounds per acre, it is
estimated that an additional 18 million acres of
cropland would be required to maintain current
production levels.

Fertilizers are big energy consumers, with an
estimated 33 percent of the total energy input to
crop production consumed by the use of fertilizers.
Most of the inherent energy contained in fertilizers
is the natural gas required to produce the nitrogen
fertilizers.

Crops vary in their demand for nitrogen partly
due to the natural capability some legumes, such as
soybeans, have for fixing their own nitrogen. Corn is
a major grain crop in the United States and the corn
plant does not have the natural capability to fix its
own nitrogen. Scientists are researching the plant
breeding characteristics to determine if it may be
eventually possible to develop this capability in a
new variety of corn.

Applications of supplemental quantities of
nitrogen to corn can result in a net return of six
units of energy for every unit expended in fertilizer
production. This helps plants transform more solar
energy into usable and storable products.

Since fertilizer is a significant indirect energy
component and its use is essential, what can and is
being done to conserve? Several new conservation
technologies have been developed to improve the
efficiency of energy use. For example, heat given off
from natural chemical reactions that take place in
the production cycle is used in the drying stage.

Another obvious conservation practice is to
apply only as much fertilizer as can be effectively
used by plants. Plant scientists have identified these
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optimum levels for most plants, and farmers have
begun following the recommendations and reduced
their fertilizer applications in many situations.

A companion to this practice is applying
fertilizer at a time when the plant can use it before
it volatilizes or leaches away.

Using legumes as a source of nitrogen was a
common practice of the 1950’s. Legume crops such
as clover were rotated with the corn crop. This can
still be done today; however, the net result is lower
production capacity for corn.

Animal manures can serve to reduce the use of
processed fertilizers. The fertilizer value of animal
manures is recognized by farmers and most manure
is applied back on the land.

The manure should be applied just before
plowing and planting in order for the plants to
benefit from the maximum amount of nutrients
available. Much of the manure applied today either
leaches away, is carried off the field in surface water,
or volatilizes away while in storage or lying on the
land surface.

Experiments show that under some conditions one
or more tillage operations can be eliminated without
reducing yields. Yields from reduced tillage vary
considerably with type of soil, water availability, and
type of crop.

Some soils where reduced tillage is employed
still produce about the same yield, while other soil
types may produce appreciably less with reduced
tillage. The tillage operation accounts for a small
proportion of total energy requirements; thus, total
savings are not substantial.

Irrigation uses about 13 percent of the energy in
production agriculture in the United States. It is a
valuable use because crops are now being grown on
land that before irrigation was not able to support
production.

By carefully scheduling the application of water,
both energy and water can be conserved. As more is
learned about plant-water relationships, improved
scheduling can have even greater effects.

Trickle irrigation with vegetable and some fruit
crops reduces energy used to move the water, and
less water is required because less is wasted.
Improvements in pump design and efficiency of
operation can reduce energy requirements for
pumping. Time of day operation can be helpful by
operating pumps during off-peak power use times.

There are many other examples of methods and
practices to conserve energy on the farm. The few
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given were to illustrate the potential that exists.
Many excellent publications are available from
Cooperative Extension Offices throughout the United
States to assist farmers and homeowners with
developing and practicing conservation measures.

Many farmers are quite skilled in repairing and
building mechanical equipment, and most are
capable carpenters. The farming operation often
leaves periods of time when the workload is slack.
These two combinations offer the ingredients needed
to become involved in solar, wind, or small hydro
systems.

The cost of alternative energy systems has
hindered their more rapid development. If you have
the skill and the time to build your own system the
economics are much more encouraging.

Available space to put up solar or wind systems
is usually not a problem on the farm. An area is
almost always available without obstruction of the
sun or wind. The large area will often reduce the cost
of construction and allow greater use of the wind
and sun.

Because of the factors just discussed it is quite
likely that solar and wind applications will have their
first widespread use on farms.

Already some solar applications are very popular
with farmers. One such is a solar-heated swine
farrowing house. Many of these have been con-
structed throughout the Midwest. Solar drying of
corn is another application that will likely become
fairly common within a few years.

On farms located near streams and rivers,
interest in water power is growing. Again, the
economic feasibility depends on how much of the
system can be built by the farmer. New equipment is
currently under development by government and
industry to meet the requirements of small scale
hydro sites.

Considerable space is desirable for large wind
turbine systems. If a large system can be erected by
the farmer with used or scrap parts, the economics
can look very good. Average windspeed for any given
area is important to the success of wind energy
systems. Windspeeds over 15 miles an hour are
needed.

Using wind for power is not a new concept on
farms, of course. Farmers discovered many decades
ago that the wind is an ideal source of power in
remote areas for pumping water. Many windmills are
still being used today for this purpose.

Windpower can be used to pump water, and to
generate electricity for heating water and supplying



Summary

other electrical needs at the farmstead. Electrical
energy can be stored in batteries so electricity is
available for periods when the winds are low.

Cost of a modern system may be too high to
attract many farmers. However, if costs are reduced
by providing much of the labor for developing a
system, it may be a desirable investment for farmers
located in windy areas.

A combination of alternative sources such as
wind and solar along with the use of biomass
materials available on the farm may be the concept
of the future. An effective program in energy
conservation along with producing energy on the
farm could eventually make some types of farms
nearly self-sufficient in energy.

Not all the new technologies need be incorpo-
rated at one time. However, over a period of several
years an integration of several new energy sources
along with conservation could lead to a nearly
independent operation from an energy standpoint.

Sufficient food supply to feed the rapidly expanding
world population must be of serious concern to
everyone. Future energy policies of the world must
consider carefully the relationship and inter-
dependence of food and energy.

Our changing energy resource supply situation
does not imply that today’s modern farming practices
will be abandoned for more primitive practices. The
need for food produced in the United States will, in a
few years, become so important to the world that our
production capability cannot be jeopardized.

Instead, research and development programs will
make it possible to increase production without a
corresponding increase in energy consumption.
These new improved efficiency technologies,
especially those that use alternative energy sources,
will and should be exported to developing countries.

The future of the food and energy situations
need not be considered bleak. Research and de-
velopment already underway will provide new tech-
nologies that will allow significant improvements
in the efficiency of food production, processing, and
packaging. The potential from solar, wind, water, and
biomass may allow some types of farms to come
close to energy self-sufficiency within a few years if
the price and availability of fuels becomes even more
serious.

Critical Food Issues of the Eighties, M. Chou and

D. P. Harmon, Jr., Pergamon Press, Maxwell
House, Fairview Park, Elmsford, NY 10523. $10.95.
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Less Energy, More Food

Part Two of Overview
By Dick Vilstrup

Man has historically needed energy to prepare food.
Starting with wood in the primitive campfire, people
have used heat to boil, bake, dry and preserve food
for further use.

Today, food processing is still an essential part
of our food system and makes a major contribution
in improving food quality and palatability, extending
edible life, increasing convenience, and creating new
ingredients and food forms. Modern processing
generally requires energy for heat, freezing, or
mechanical technology.

The American food system is critically de-
pendent on adequate supplies of energy. Moving
food from the farmer to the consumer requires
massive amounts of energy for marketing,
transportation, processing, storage, distribution,
retailing, and final preparation.

New production and processing technology that
insures consumers sufficient quantities of quality
food requires 16.5 percent of the total energy supply
used in the United States. An additional 5.5 percent
is needed for natural fiber and forestry.

A breakdown of the 16.5 percent of the energy
used in the U.S. food system indicates that 29.1
percent of the energy is used in food processing or
manufacture, 26 percent for in-home food prepa-
ration, 17 percent for out-of-home preparation,

4.9 percent for retailing, and 3 percent for the
wholesale food trade, with only 17.6 percent for
production.

The Federal Energy Administration estimates of
energy use include direct, indirect, capital and
transport energy costs.

Note that the major portion of energy is used
beyond the farm gate. About 18 percent of the energy
requirements is used for production, while 82 per-
cent goes for processing, marketing, transporting,
and preparing food for consumption.

Today, over 75 percent of the food produced
on farms is processed before final shipment to
consumers.

DICK VILSTRUP is Extension Marketing Economist and
Professor, University of Wisconsin. He also is Director of
the Agricultural Transportation Energy Conservation
Project, for the Wisconsin Energy Extension Service.



Processing industries require energy for
washing, cutting, steaming, boiling, freezing, drying,
milling, refining, baking, canning, and packaging
food. Energy needs in the food processing industry
have increased rapidly during the past 30 years.

In the past few years there has been a shift
toward more energy intensive and highly processed
or packaged foods. The demand for convenience food
and the dramatic increase in eating meals outside
the home has accelerated this trend. Increased
consumer demand has been noted for smaller
containers and pre-cooked, oven ready products
which require additional energy in processing.

Current socio-economic lifestyles, with spouses
employed in full or part-time jobs, has stimulated the
expanding need for energy in commercial food
processing and the restaurant trade. Btu's of energy
needed for commercial eating establishments now
exceed energy used in farm production or in
marketing and distribution.

The food marketing and processing sector of the
food system continues to increase and totaled
$140.5 billion, or about 68 percent of the food
marketing bill in 1978. The cost of energy for
plastics for packaging, specialized services for the
institutional trade and the expansion of the fast food
industry has accelerated this trend.

Energy costs for food items represent a large
share of the consumer dollar. A U.S. Department of
Agriculture (USDA) study indicates an average of 9
percent of the consumer food dollar goes for energy
costs. Foods with the highest energy costs per dollar
of processed products are sugar, butter, cheese,
condensed milk, and canned fruits and vegetables.

Energy Used in the
U.S. Food System

Farm 4.8 Billion dollars
production 1.8 Quadrillion Btu's

Food 8.1
processing 3.6

Marketing and 4.6
distribution 1.3
Commercial 7.1

eating 2.1

establishments

Home food 11.5 ([T
preparation 3.2

and use

1976 data for larm produclion. 1975 data for all other categories
1979 Handbook of Agricultural Charts. Agricultural Handbook 561, USDA

11
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Food products with the lowest energy costs per
dollar of processed product include fluid milk,
bakery products, meat products, and ice cream.

The processing industry uses all types of fuel,
but relies basically on fuel oil, natural gas, coal, and
electricity. The cost and uncertain supply of fossil
fuels have focused attention of management on
efficiency, conservation, and alternative fuels such
as coal.

Processing Energy Costs
for Selected Food Groups
Energy cost

cents per dollar of
Food groups processed products'
¥ 00600 0000000000000000000000000000060 16.7
Butter, cheese & condensed milk.......... 10.7
Canned fruits & vegetables ................ 10.6
Frozen fruits & vegetables................. 10.5
Flour& cerealS............oooeiieinnnennn. 9.9
Meatproducts ..............c.ccoviuiiiiinnn. 9.7
) (181 022 01 Wl s by, et o o o 0 g0 © 8.7
Fluidmilk ..., 8.6
Softdrinks ..............ciiiiiiiiiia. 85
BaKeRyADIOAU CLS M e sy 6.7
Alcoholic beverages. ...............oooouue 6.3

'Energy costs in the processing stage only; energy used in
distribution and marketing is not included. Energy cost based on
national average price of $2.33 per million Btu's.

Source: Farm Index, June 1977.

Energy accounting studies indicate energy use in
food processing accounts for 7.6 percent of the total
manufacturing fuels and electricity consumed. In
1975, food processing used 11,476,000 barrels of
distillate oil, or 10.9 percent of distillate used in
all manufacturing. Food processors also used
13,893,000 barrels of residual oil, 3,893,000 short
tons of coal, 441 billion cubic feet of natural gas, and
38,299 billion kWh of electricity.

Adequate energy supplies are needed by food
processors at critical times during a season.
Timeliness is essential in preserving quality of
harvested crops or perishable food ingredients. For
example, many vegetable and fruit canning plants
operate only a few weeks a year and a critical
shortage of fuel during this harvest period would
have a major impact on the industry. It is often
difficult for food processing plants to store large
quantities of fuel oil or coal in urban areas. The
most convenient source of fuel for processing has
been natural gas piped directly to a plant.



Energy Use
in Home Food
Preparation

Energy use varies by type of food industry,
depending on volume and kind of operation. Meat
packing, grain milling, fruit and vegetable and milk
industries consume significant total quantities of
energy because of their size, but are generally not
considered energy intensive. Beet sugar processing
is the most energy intensive industry, followed by
other refining and freezing operations.

Meat packing and processing, conducted nation-
wide, requires energy in the form of fossil fuel, elec-
trical power, and heat. Energy is used in assembly,
slaughter, boning, grinding, cooking, freezing,
canning, packaging, refrigeration, storage, trans-
portation, handling, and display for the ultimate
consumer.

The movement toward eating meals away from
home has increased sharply. It is now estimated that
over a third of meals are prepared outside the home.

Out-of-home preparation is the third largest
category of energy use in the food industry (17
percent). it includes fast food restaurants, coffee
shops, cafeterias, hotels, motels, and other eating
facilities. Energy is used in refrigeration, cooking,
heating, air-conditioning, water heating, lighting, and
energy needed to manufacture packaged items such
as paper napkins, cups, boxes, and straws. The
substantiai energy needed to manufacture disposable
containers and supplies represent a potential
challenge for increased energy conservation.

Energy used for in-home preparation is significant
and accounts for 26 percent of the energy consumed
in the food system, and represents 4 percent of total
U.S. consumption. The primary use of energy for
in-home consumption occurs in storing food
(refrigeration and freezing) and in preparing food in
ovens, ranges, and small appliances. In addition,
consumers also expend considerable energy in
transportation to and from retail stores.

The food marketing system includes a complex
wholesale and retail network to move food from
processor to consumer. About 7.9 percent of total
energy in the food system is consumed in the
movement through wholesale and retail channels.
Energy is needed for refrigeration, storage,
packaging, and transportation as wholesale firms
move merchandise to retailers and industrial,
commercial, institutional, farm, and professional
businesses. Retailers, buying merchandise for resale
to consumers, require energy for heat, electricity,
refrigeration, packaging material, transportation, and
facilities to provide the essential service.
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Energy for transportation is essential in
maintaining a smooth flow of food and fiber from
farmer to consumer. Transportation is the key link
between agricultural food production and the
consuming public. Trucks, highways, barges, and rail
lines are vital lifelines for nearly every community in
the Nation. Processors are also totally dependent
on a modern and efficient transportation system for
the inputs and distribution of food products.

Use of fossil energy in agricultural transportation
systems is significant. The transportation industry
almost totally depends on fuels from petroleum.
Transportation services are vital in shipping pro-
duction supplies and to move raw farm products to
producers and consumers.

The fuel and fiber system required 2,892 million
gallons of diesel fuel and 411 million gallons of
gasoline in 1977. It is estimated that energy needed
for transportation represents over 12 percent of the
total supply needed in the food system and accounts
for over 2 percent of total energy used nationally.

Presently, nearly half the trucks on our major
highways carry food and agriculturally related
products. The food system depends on timely
shipments during planting and harvesting seasons.
Perishability of food products requires rapid and
efficient distribution of supplies to specific markets.

Fuel estimates from USDA reported that the
shipment of farm inputs required 619 million gallons
of fuel. Moving farm commodities from farmers to
processors required 1,416 million gallons. An
additional 1,268 million gallons of fuel were needed
to transport manufactured food products from
processors to warehouses and supermarkets.

Estimated Transportation Fuel Requirements
in the Food and Fiber System, 1977

Item Ton-miles Diesel fuel Gasoline
millions million gallons
Farm inputs 82,539 505 114
Agricultural commodities 141,098 1,119 297
Manufactured food
products 116,077 1,268 <
Total 339,714 2,892 411

*not applicable.

Source: J. A. Barton, Transportation fuel requirements in the food and fiber
system, Agricultural Economics Report 414, January 1980.

Dominant need in the food system is for fuel for
trucking, which uses 77 percent of the total. Rails



Food Firms
Switching to
Use of Coal

use about 20 percent, while most of the remainder is
accounted for by barge and river traffic.

The pattern of energy use is undergoing many
dynamic changes. Historically, food processing and
packing plants were geographically located near
intensive production areas. Several relatively cheap
sources of energy were available, and strategic
planning focused primarily on supply of raw material
and availability of transportation.

Food firms are now making an orderly transition
from primary reliance on oil and natural gas to
accelerated use of coal, where feasible.
Conserving energy in the food system will be a
high priority in the 1980's. Abrupt changes or minor
disruptions in the availability of energy can seriously
affect performance of the food processing and
marketing system. New energy policies which
encourage increased conservation, alternate fuels,
energy recycling, and technological efficiency will be
needed in the future.
Several new energy programs and developments
show promise in the food field. These include —
¢ Adoption of new technology with the capability to
use fuels efficiently.

¢ Reduction in bulk volume of perishables, cutting
water content, compacting.

¢ Improved routing, scheduling, and elimination of
wasteful empty backhauls where feasible.

® Automated control systems to minimize energy
use in warehouses for frozen food and in retail
store counters.

® Standardized modular shipping containers, en-
couragement of uniform packaging, reduced
sorting, and less inefficient loads.

® Use of food processing wastes for generating heat,
electric power, or fuel.

¢ Improved truck and trailer design to increase
mileage, improve airflow and reduce friction during
shipment.

¢ Increased use of natural cooling and controlled
atmosphere storage for fruits and vegetables.

¢ High temperature pasturization of milk to reduce
need for refrigeration and increase shelf life.

® Recycling heat or energy for multiple uses.

¢ Eliminating unnecessary regulations and prac-
tices that encourage energy waste in trans-
portation and processing.

® Training of truck drivers, maintenance staff and
dispatchers in energy conservation techniques.

15
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How to Grow Crops
With Less Energy

By W. W. Frye and S. H. Phillips

An individual farmer can obtain significant savings
through more efficient management of energy in crop
production.

Production efficiency can be maintained while
decreasing fuel requirements through selection of
one of the reduced tillage systems or modifying and
combining these systems to fit geographical and
individual farm situations.

Management is more critical and more herbi-
cides are required as tillage is decreased, but the
additional energy represented by the pesticides does
not nearly offset the energy conserved by reduced
tillage.

Management of comimercial nitrogen fertilizers to
improve efficiency — and the growing of legume
Crops as cover crops or in rotation or association
with non-legume crops — are especially promising
for energy conservation.

Modern high-horsepower tractors allow farmers
to till deeply, frequently, and rapidly. It has been
estimated that tillage practices result in movement
of enough soil each year in the United States to build
a superhighway from Los Angeles to New York.

With costly energy, means of reducing tillage is
an important goal of farmers in the United States and
throughout the world. Historians will record the
1970’s as the peak years in tillage, and the 1980’s as
a period of readjustment to reduced tillage opera-
tions. The technology has been developed that will
allow farmers to grow crops efficiently at lower costs
by adopting reduced tillage or no-tillage systems.

Reduced tillage is not new but has evolved since
herbicides were introduced in the 1940’s. Research
programs in establishing legumes in pastures
without plowing or disking — and new systems
related to no-tillage production of several crops —
added confidence that drastic changes in tillage
methods were possible in the future. Shortages of
farm labor, larger acreages, higher volume pro-

W. W. FRYE is Associate Professor of Agronomy, University
of Kentucky. Shirley H. Phillips is Assistant Director of
Extension for Agriculture at the University.



Modern high-
horsepower
tractors allow
farmers to till
deeply, fre-
quently and
rapidly. But they
require energy.
This tractor and
three 5-bottom
plow hookup

in Washington
State are pre-
paring a field
for another crop
of fall wheat.

duction, and improved technology encouraged
further development and adoption.

Reduced tillage systems may also be termed
minimum tillage or conservation tillage. Minimum
tillage is the least amount of tillage required to
create suitable soil conditions for seed germination,
crop growth, and weed control. It may range all the
way from use of several tillage operations to
eliminating all tillage operations except planting.

In this chapter we discuss four tillage systems.
These are conventional or moldboard plow tillage,
chisel plow tillage, disk tillage, and no-tillage. Field
operations usually involved are shown in the table.
Each system has particular advantages and dis-
advantages.

Although minimum tillage methods were
developed mainly for erosion control, they offer one
of the greatest opportunities to reduce energy
requirements in field crop production. Energy
savings are mostly with tractor fuel due to fewer
tillage operations.

Conventional tillage requires relatively large
amounts of fuel for plowing and disking to prepare a
seedbed. Generally, fuel savings are related to the
amount of reduction in tillage and may be quite
substantial with no-tillage. Less machinery is needed
for reduced tillage, which contributes to the decrease
in overall energy used in crop production.

Estimates for tillage systems vary, depending on
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the number and kind of field operations assumed
and the energy values assigned to each operation or
input. For our estimates, we have adopted the values
in the table as representative energy requirements
for several field operations. These are similar to
other estimates by researchers.

Need for additional herbicides with reduced
tillage offsets some but not all of the energy
represented by the fuel saved in tillage, as shown
in the table.

Estimated Energy Requirements for Several Field Operations
and Inputs in Four Tillage Systems

Tillage System

Input or Conventional Chisel No-
Operation Tillage Plow Disk Tillage

gallons diesel fuel/acre

Moldboard plow 1.84

Chisel plow 1.12
Disk 0.63 0.63 0.63
Apply

herbicides and
disk second

time 0.73 0.73 0.73
Spray
herbicides 0.13
Plant 0.43 0.43 0.43 0.50
Cultivate

(once) 0.42 0.42 0.42
Herbicides 1.75 2.01 2.25 2.88
Machinery and
repair 1.86 1.61 %25 0.60

Total 7.66 6.95 5.71 4.11

In some States, higher rates of nitrogen fertilizer
are recommended for no-tillage than conventional
tillage corn. There is greater potential for leaching,
denitrification and immobilization of nitrogen in
no-tillage. There is also a greater potential for yield
increase from adding nitrogen fertilizers in no-tillage
than for conventional tillage.

Research in Kentucky, Maryland and Virginia
showed that conventional tillage produces more corn
than no-tillage at low nitrogen rates, but no-tillage
usually produces more than conventional tillage at
higher rates of nitrogen. The energy represented by
the increased yield of corn usually repays many
times the energy represented by the additional
nitrogen fertilizer.
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Ways to Boost
Food Output

Eco-fallow,
using herbicides
to keep fields
free of vegeta-
tion during
fallow years, is
widely used in
the dryland win-
ter wheat areas
of the U.S.
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Eco-fallow is a management system commonly
used in dryland winter wheat areas of the United
States. With this system, herbicides are substituted
for tillage in keeping fields void of vegetation during
fallow years. It is considered a practice that con-
serves energy, soil and moisture.

Demand for food rises as populations, standards of
living, and exports increase. There are two main
ways for a nation to boost food production in
response to these demands.

One is to add to the amount of land under cultiva-
tion, and the other is to increase the application of
agricultural technology.

Generally, the more productive land and best
sites for irrigation are cultivated while less
productive land is left idle or used for other
purposes when not needed for crop production.
Thus, when additional land must be brought into
cultivation it is almost always less productive land
which may be marginally suited or, in some cases,
unsuited for cultivation.

Increasing food production in this way has
serious impacts on soil erosion, and results in

19
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inefficient use of energy for cultivating more acres
with low yields.

By using agricultural technology, U.S. farmers
increased food production for several years while
decreasing the amount of land under cultivation.
During that time, production costs per unit were
generally declining. Consumers benefited from an
abundance of inexpensive, high quality food.

Dramatic increases in crop yields since World
War II have paralleled the rise in fertilizer use. It is
impossible to say how much of these bigger yields
were due to fertilizers because the increases were
due to a “complete package” of technology, service
and management, including improved plant mate-
rials, pest control, culture techniques, harvesting,
storage transportation and marketing. It is safe
to say, however, that fertilizers are a major
component of this “package.”

Higher yields resulting from fertilizers are
usually very economical. In many cases the greater
yields may be worth several times the cost of the
added fertilizer in terms of both dollars and fossil
energy.

Fertilizers are a valuable input resource because
they step up both the yield and quality of crops.
Soils have the capacity to supply essential plant
nutrients from the mineral and organic constituents,
although the capacity varies widely among different
soils. Crops have certain nutrient requirements for
optimum yield production which differ consider-
ably, both in amount of nutrients and kinds of
nutrients.

Nutrients removed from the soil by harvesting
crops — and loss by leaching, soil erosion or
volatilization — must be replenished by the soil or
fertilizers for optimum growth of the next crop.

Fossil fuel energy is used in manufacturing,
mining, refining, transportation, and application of
fertilizers. Most of the energy consumed by the
fertilizer industry is in the manufacture of nitrogen.
Natural gas is used as the source of hydrogen for the
manufacture of about 94 percent of the ammonia
compounds; 93 percent of the nitrogen in com-
mercial fertilizers is from ammonia compounds.

Yet only about 2 percent of the total natural gas used
is for the production of ammonia for fertilizer.

Estimates of the amount of energy represented
by a pound of fertilizer vary somewhat. For our
discussion and calculations we selected intermediate
values of 25,000 Btu per pound of nitrogen; 3,000
Btu per pound of P,O; equivalent; and 2,000 Btu per
pound of K,O equivalent. (Divide Btu values by



Two Practices
With Nitrogen

147,000 to convert to gallons diesel fuel equivalent.)
These estimates do not include energy used in
applying fertilizers in the field.

There are some differences in energy repre-
sented by different forms of nitrogen fertilizers,
with anhydrous ammonia being somewhat lower
than urea and ammonium nitrate, which are about
equal.

For efficiency and economy, fertilizer rates need
to be adequate but not excessive. Nitrogen fertilizer
rates should be recommended considering such
factors as cropping history of the field, crop to
be grown, and productive capacity of the soil.
Recommendations for phosphorus, potassium and
other nutrients which are potentially deficient in the
area should be made from the results of soil tests.

Nitrogen fertilizer rates for corn, for example,
usually are within the range of 75 to 175 pounds
of nitrogen per acre, depending on climate and soil
conditions. Recommendations based on soil tests
for both phosphorus and potassium most fre-
quently fall between 60 and 150 pounds P,0; or K,O.

In most soils, nitrogen is the most important
fertilizer nutrient for production of non-legume
crops because it tends to be deficient and to limit
yields more than other nutrients. It is also the most
energy-expensive and represents an area where
improved efficiency and conservation can be
effective.

Two management practices which show the greatest
potential to improve the efficiency of nitrogen
fertilizer are: 1) delaying the application to coincide
with the need for nitrogen by plants, and 2) use of
legumes grown as cover crops or in rotation with row
crops, or in association with pasture grasses.

Delayed Application. During the first four weeks
after planting, corn plants take up only a small
amount of their nitrogen requirement. If nitrogen
fertilizers are applied at planting, much of it may be
lost by leaching or denitrification before the crop
uses it.

Whether delaying the application of nitrogen
fertilizer for four weeks will improve nitrogen
efficiency depends largely on climate and soil
conditions.

On well-drained soils, the most likely loss of
nitrogen is leaching of nitrate. On imperfectly-
drained soils, the greatest loss is likely to be by
denitrification of nitrate to gaseous forms. Higher
rainfall increases losses by both means and on both
well-drained and imperfectly-drained soils.
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Leaching and denitrification losses are also more
likely to occur under no-tillage than under conven-
tional tillage.

Improved efficiency with delayed application of
nitrogen fertilizer is taken into account in some
States’ fertilizer recommendations for corn
production.

For example, in Kentucky, publications listing
fertilizer recommendations say that rates of nitrogen
can be decreased by 35 pounds per acre, if as much
as two-thirds of the nitrogen is delayed four to six
weeks after planting no-tillage corn on moderately
well-drained soils, and for conventional tillage corn
on moderately well and poorly drained soils. The
nitrogen fertilizer saved by this practice represents
about 875,000 Btu of energy per acre or about
6 gallons of diesel fuel equivalent per acre.

It should be pointed out, however, that the
nitrogen fertilizer recommendations on moderately
well drained and poorly drained soils are 50 and
75 pounds per acre, respectively, more than on well
drained soils if the nitrogen fertilizer is all applied at
planting. Thus, even with the advantages of delayed
application, at least 15 pounds per acre more
nitrogen is recommended for soils with impaired
drainage as a safeguard against the greater potential
nitrogen loss.

Nitrogen From Legumes. Until recent years,
legume crops have been relied upon to provide
nitrogen for non-legume crops throughout the
recorded history of agriculture. There is renewed
interest and research on the use of legumes as
winter cover crops and in rotation or association
with non-legume crops.

Results with winter annual legumes as cover
crops for no-tillage corn in several States indicate
that a substantial amount of the nitrogen needed by
the corn can be supplied by legumes.

In Kentucky in 1979, grain yields of no-tillage
corn following a cover crop of hairy vetch but with
no nitrogen fertilizer were equal to corn yields on
other plots with 88 pounds per acre nitrogen
fertilizer added.

Others have reported even greater additions of
nitrogen from legume cover crops for no-tillage corn.
In Delaware, winter cover crop consisting of a mix-
ture of hairy vetch and crimson clover resulted in
corn yields comparable to those obtained by applying
100 pounds per acre of nitrogen fertilizer. Nitrogen
fertilizer savings of such magnitudes would repre-
sent considerable conservation of energy.



Herbicides

Crop Drying

The moisture
content of har-
vested crops
must be lowered
to store the crop
without spoil-
age, insects or
overheating.
Crop drying fa-
cilities, such as
this one in Lan-
caster County,
Nebraska, allow
the farmer to
grow higher
yielding, later
ma var-
ieties of grain.

This one uses a

portable drying
system that

of electricity.

Herbicides eliminate or decrease the number of
cultivations for weed control and have essentially
eliminated the drudgery of hand hoeing. The use of
herbicides is an excellent example of using energy
and technology as a substitute for labor.

Different herbicides require different amounts of
energy in manufacturing the active ingredient, and
some are carried in petroleum compounds which add
to the energy that they represent.

A commonly accepted value for the energy to
manufacture herbicides is about 44,000 Btu per
pound of active ingredient, but that apparently does
not include the petroleum base used as carriers
for some herbicides.

For comparison purposes, we used the estimates
of Siemens at the University of llinois (see table
earlier in chapter). His estimates were 0.5 gallon of
diesel fuel equivalent per pound except for the
contact herbicide commonly used in no-tillage. For
that herbicide, he used a value of 1.25 gallons of
diesel fuel per pound of active ingredient.

Studies have shown that herbicides are eco-
nomical in terms of energy input/output ratios
and dollars.

Artificial drying of crops on farms has become a
common practice since World War II. About half of
the corn produced in the United States is dried
artificially on the farm, and another fourth is dried
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off the farm. This permits early crop harvesting and
a reduction in the moisture content below some
critical level in order to store the crop without
spoilage, insect infestation, or overheating.

Crop drying facilities allow farmers to grow
higher yielding, later maturing varieties of grain, and
to double-crop in some cases.

Almost all on-farm drying is done using LP gas.
Off-farm drying is mostly with LP gas and natural
gas. Solar drying units are coming to the forefront
and much research is presently underway on this
technology.

To reduce the moisture by 10 percent in the
grain from an acre of corn with a yield of 125
bushels would require about 16 to 20 gallons of
LP gas, depending on the type of dryer used.

The major means of conservation in crop drying
are field drying to lower moisture level, low tem-
perature drying, use of solar dryers, sealed storage
of high moisture grain for livestock feed, and
dryeration. In dryeration, the grain is removed hot
from the dryer without cooling and held with no
airflow for 4 to 12 hours. Then the grain is cooled
slowly with aeration.

Studies of energy-conserving farms have identi-
fied certain practices common to all that should
be considered by every farmer. These include:

— Soil tests to determine fertilizer needs.

— Use most productive soils in preference to
marginal soils for crops with high energy
requirements.

— Use best agronomic practices to obtain
efficient use of nitrogen fertilizer and
optimum yields.

— Use legumes in pastures or in rotation with
non-legumes, where possible, to reduce need
for commercial nitrogen.

— Combine operations to reduce number of
trips across fields.

— Practice minimum tillage.

— Use pesticides judiciously.

— Store fuel properly and eliminate loss in
transfer from storage to tractors.

Agriculture Depends Heavily on Energy, American
Chemical Society, 1974, Chemical and Engi-
neering News, 52(10), pp. 23-24.

Potential for Energy Conservation in Agricultural
Production, Report No. 40, Council for Agricul-
tural Science & Technology, 250 Memorial
Union, Ames, IA 50011. Free.



Greenhouse Production
With Lower Fuel Costs

By T. H. Short and W. L. Bauerle

Greenhouse agriculture has existed since trans-
parent materials were first developed. Many solar
technologists and hobbyists suggest that a “solar
greenhouse” with a massive vertical north wall
and a high sloping south transparent roof is the
ultimate future commercial greenhouse.

Sketches, however, date this type of structure to
at least the early 16th century. Horse manure was
usually placed under the ground beds to supply both
heat and fertilizer. Even vegetable growers up until
the mid part of the 20th century used manure in
the base of “hot beds” for heating the small south
sloping green houses. Such greenhouses were
productive, but not nearly as productive as modern
greenhouses with good temperature control.

Most modern commercial greenhouses resemble
large factory buildings rather than a “solar green-
house.” Like a factory, productivity for profit is
a major goal and the structure must facilitate easy
movement of labor, material, and equipment.

A typical tomato greenhouse will produce 110
tons of fruit per acre through the labor of 2.5 people.
This sort of productivity is 15 to 20 times that of
the best field production in the best climates. The
greenhouse grown product is consistently of very
high quality while the field grown product quality is
a variable dependent on weather conditions.

Estimates of commercial greenhouse acreage in
the United Sates range from 6,270 to 20,000 acres.
Most of the 6,270 acres are in year-round intensive
production while the remaining area is used for
seasonal transplant production or as temporary
tunnel covers for starting crops in the early spring.

Ohio has traditionally been the leading State in
both greenhouse vegetable and flower production.
This tradition resulted mostly from Western Euro-
pean immigration patterns and a local need for
high quality winter produce before the development
of interstate highways. The highest percentage of

TED H. SHORT is Associate Professor, Department of
Agricultural Engineering, Ohio Agricultural Research and
Development Center (OARDC). William L. Bauerle is
Assoctate Professor, Department of Horticulture, OARDC.
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new construction since 1975 has occurred in the
Southeast and Western States.

Large gutter-connected glass greenhouses with
roof-ridge ventilators were first built in the early
1900’s. During the late 1960's, fiberglass glazing
became especially popular for connected green-
houses in the West and Southeast. Most new con-
struction since 1970 in cold climates has been in
the form of frame supported double-layer (air
separated) plastic — a concept developed at the
Agricultural Experiment Station of Rutgers State
University. Double-layer air separated plastic
provides a double glazing with low initial costs and
a 30 to 40 percent energy savings over most single
glazings.

The ultimate in open construction for good light
penetration and machinery movement may be in the
form of air-supported greenhouses such as the one-
acre commercial bubble near Wooster, Ohio, that
is used to grow lettuce and tomatoes.

A greenhouse in year-round intensive cropping
will require a night temperature of 55° to 65° F
depending on the type of crop being grown. This has
resulted in an average annual fuel use of 100,000
gallons per acre of #2 fuel oil or 14 million cubic feet
per acres of natural gas (14 billion Btu/acre) for
Northeast Ohio glasshouse growers. This heating
requirement is lower in warmer climates, but
summer ventilation requirements are proportionally
higher.

Greenhouses typically have a surplus solar heat
supply during the day and excessive heat losses at
night. An unventilated, unheated greenhouse in
northeastern Ohio, 42° N. latitude, will reach over
85° F on a bright sub-freezing winter day and 120° F
on a bright summer day. The following night tem-
perature, however, will drop very rapidly to the
outside air temperature if no heat is added.

Night temperature must not be allowed to drop
below, or fluctuate from, 60° F for more than a few
nights if plant and fruit quality are to be maintained.
Day temperatures are allowed to range from 72° to
82° F in proportion to solar radiation. When the
greenhouse temperature goes above 82° F, the
greenhouse is ventilated with natural or evapora-
tively cooled air to both cool and minimize plant
water stress. Sustained temperatures over 90° F
can cause permanent damage to most crops.

Heat loss through greenhouse coverings is
mostly affected by the thin boundary layer of stag-
nated air at the surfaces of each glazing material.
Therefore, if one compares a tight double covered



Modifying
Existing
Greenhouses

greenhouse (double glass, double plastic, double-
plastic-over-glass, double fiberglass, glass and a tight
internal single-layer-non-porous curtain) to a tight
single covered greenhouse such as glass, the average
energy savings will be about 40 percent.

If one compares this same tight glass green-
house to a single layer plastic or fiberglass green-
house, heat use will be nearly the same, especially
after condensation develops on the inner plastic
surfaces to minimize thermal radiation losses at
night.

Approximations of Thermal Resistance, R, for Different
Greenhouse Glazing Methods and Materials

R Value
Greenhouse Covering °F hr ft?/Btu
Single Glass (Sealed) 0.9
Single plastic 0.8
Single Fiberglass 0.8
Double Plastic, Polyethylene 1.4
Double Wall Acrylic 2.0
Double Glass (Sealed) 2.0
Double Plastic Over Glass 2.0
Single Glass & Thermal Blanket 2.0
Double Plastic & Thermal Blanket 2.5
Double Plastic, Poly-Pellets™® 20.0

*A 5 inch thick layer of polystyrene pellets between a double plastic glazing.

Existing greenhouses can be modified for energy
conservation by changing the exterior glazing or by
internal insulation such as curtains. Areas like
north walls and foundations can be permanently
insulated, but the roof should be of major concern
since this is where the major heat losses occur.

Applying a silicone sealant between glass laps
can reduce infiltration of cold air into glass green-
houses. The extent of savings depends heavily on
previous condition of the greenhouse, windiness
of the location, and outside temperature conditions.
Older glass greenhouses with wooden frames and
in poor repair usually realize the most savings.

Usually it is not profitable to seal new glass
greenhouses except during construction. With
outside temperatures below 25° F the laps are
usually frozen closed because of the large amount
of condensate on the inside glass surfaces. At
temperatures above 25° F, the heating requirement
on a windy night may sometimes equal that for the
coldest night conditions.
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During the winters of 1978-79 and 1979-80, a
lapsealed experimental greenhouse at the Ohio
Agricultural Research and Development Center,
compared to unsealed glass, had a fuel savings of 9
to 11 percent during freezing temperatures, 20 to 24
percent in above freezing temperatures, and 30 to 35
percent in early fall and late spring. Anticipated
annual fuel savings for a similar greenhouse should
be 20 to 25 percent after lapsealing.

One internal roof insulating concept is to pull
curtain material under the roof at sundown and open
the curtains at sunrise. To be effective, the curtain
material must be non-porous and tight fitting when
closed. The greatest advantage of a curtain system is
that it can be used with any type of external glazing
such as glass, fiberglass, or double plastic.

There have been numerous developments in
closing and opening mechanisms, and of materials —
including a series of air-inflated plastic tubes. The
most adaptive type of greenhouse for curtains is a
modular truss frame type with very few internal
support posts. The least adaptive type greenhouse is
one with extensive structural framing and one that
uses the overhead framing to support trellised crops
and hanging baskets. Average annual fuel savings
with a good curtain system will be approximately
35 percent.

Older single glass greenhouses are usually best
modified externally. The principal technique used
commercially has been the application of double
plastic over glass (DPOG). This technique was
initially researched and developed at the Ohio
Agricultural Research and Development Center in
1975. Annual fuel requirements were found to be
reduced by 57 percent with a wood frame glasshouse
in average repair.

One result of the DPOG research has been
renewed awareness of the importance of controlling
the night temperature and daytime carbon dioxide
(CO,) levels within the greenhouse. Plastic over
glass will always reduce light transmission, with a
potential yield reduction of 5 to 10 percent for high
light crops such as tomatoes, cucumbers, and roses.
For medium and low light crops, yield and quality
can be maintained or increased if growing practices
are proper.

Some vegetable and rose growers have actually
reported yield increases with DPOG over their crops
because of better control of night temperature. Also,
a tighter sealed greenhouse allows growers who
supplement CO, to maintain higher than normal
levels. If CO, is not supplemented, chances are very
good of CO, deficiency and poor plant growth.



Pellets
Pumped
Between
Walls

A double wall acrylic glazing can be used to
totally replace a single layer of glass for an average
50 to 60 percent fuel saving. Double wall acrylic is
manufactured in rigid sheets about 4 feet wide and
in standard lengths of 8, 10, 12, 14 and 16 ft.

The acrylic material consists of two layers
separated about 0.6 in. with ribs spaced every 0.6 in.
It diffuses and transmits 83 percent of the light
compared to single glass at 89 to 90 percent, but the
total amount of light reaching the plants is about the
same because supporting roof bars can be spaced
every 4 ft. instead of every 2 ft.

Acrylic is one of the more expensive greenhouse
coverings, but it has a very long life and is nearly
maintenance free.

For most climates, over 75 percent of all supple-
mental greenhouse heating is required at night.
Further, studies in Ohio and Japan indicate that a
polystyrene pellet nighttime insulation technique
could reduce greenhouse nighttime energy require-
ments by 80 to 90 percent. Five inches of pellets are
pumped between the walls of a double wall green-
house at sundown and removed at sunrise for a
nighttime insulation value of R = 20.

A similar system is used on a small scale in
commercial Japanese glass greenhouses where snow
is not a problem. The Japanese form a double wall by
installing rigid plastic sheeting material approxi-
mately 3 in. behind the glass.

In most cold climates, however, especially with
gutter-connected houses, snow can accumulate in
localized areas and damage or break brittle materials
such as glass. Snow also interferes with light
transmission the following day if not melted off.
Because snow load forces are better distributed over
the supporting framework of air-inflated double
plastic covers than with glass, the Ohio approach
has been to use conventional double-plastic covers
that are air inflated during the day and filled with
pellets at night.

Polystyrene pellets should have a minimum
diameter of 1 in. and should be treated with a fire
retardant. Pellets are pumped directly through
blowers with an air/pellet ratio of approximately
25:1. A 1 horsepower blower rated at 1,000 cfm at
3,450 rpm and 1 in. water column pressure will
pump about 0.75 cu. ft. of pellets per second.

The mixture must be pumped into the plastic
layers at pressure less than 1 in. water column
pressure to prevent rupturing the plastic. This is
accomplished by evacuating air from between the
plastic sheets with a similar-sized blower while
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filling. The evacuation procedure can also control
the thickness of fill and maintain film tension on the
insulated system at night.

Static electric cling of the pellets to the plastic
and each other can be controlled by such chemicals
as glycerine. Approximately 1 gallon of glycerine
(mixed with an equal amount of water) added to each
1,000 cu. ft. of pellets prevents static problems for
many months. Other antistatic chemicals
recommended for garments have also been effective.
The precise life of the antistatic agents is unknown.

Moisture in the pellets and between the plastic
must be minimized during sub-freezing weather. A
thin layer of pellets can freeze on the inside surface
of the outside cover. Likewise, moisture in the
pellets can reduce the insulation effect. Therefore,
all air inlets to blowers are designed to be outside
the humid greenhouse. On dry days, the pellet
storage can be air-dried with one of the blowers.

Pellets should be stored ouside the greenhouse
growing area in a dark, dry location to prevent any
slow deterioration of the polystyrene by sunlight.
Large thin wall plastic tubes can be used horizontally
or vertically for storage as the pellets weigh only
1 1b/ft3. The life of the pellet is indefinite since
proper handling causes no apparent deterioration.

Almost every conservation practice requires some
modification of an existing heating and ventilating
system. A tighter single glazing tends to require
more ventilation to reduce condensate dripping on
plants. A double glazed structure will have less
condensation even at higher humidities because of a
warmer inner surface. These changes in humidity
and condensation can have a great effect on the
grower's ability to properly control plant growth and
quality.

All heating systems should discharge the heat as
low and as close to the plants as possible. Steam or
hot water pipes are usually placed low and between
the rows of a trellised vegetable crop or beneath the
benches of most potted crops.

Root zone heating is an important concept being
developed and studied along with energy conser-
vation systems. There is evidence that many
plant tops will tolerate lower night temperatures if
the roots are maintained at 70° to 80° F.

One system for potted crops is to install 3/4 inch
plastic pipe on 2 to 4 ft. spacings within a 4 inch
layer of porous concrete (concrete without sand). For
soil grown crops such as lettuce, the plastic pipes
are placed directly in the soil (sand preferred) to



heat the root zone. Water temperature within the
pipes is usually maintained at 100° F.

For conventional double plastic greenhouse
structures, root zone or floor heating will take care
of 15 to 25 percent of the heat requirement during
the coolest periods. For polystyrene pellet insulated
greenhouses, the soil heating is predicted to provide
all of the heat necessary for high production and
optimum temperature control.

Cultural practices that growers use for optimum
plant growth are often related to some of the unique
features of the greenhouse itself. Much of a suc-
cessful greenhouse grower’s production is based
on his ability to control plant growth under different
light conditions by controlling fertilizer, water, and
carbon dioxide rates, and temperature and humidity
levels. For each control variable, too much and too
high, or too little and too low can have a very adverse
effect on yield and quality of any crop.

Plants always need less water as the humidity
rises and after tightly sealing a greenhouse. A tight
seal often increases condensation and dripping from
a single glazed greenhouse even though the humdity
remains the same. Therefore, a tight greenhouse
should preferably be a double glazed greenhouse to
prevent inside water condensation that will drip on
the plants. Double glazing will result in higher
winter humidities for better plant growth and drier
ceilings as long as the greenhouse is properly
managed with a trickle irrigation system.

Plant temperature at night is one of the more
important control factors for the greenhouse grower
to manage. The optimum plant temperature may
actually be different for roots and tops even though
one temperature for both has typically been
recommended. For the fruiting of a crop such as
tomatoes, night temperature of the plants must be
maintained above 58° F to have significant fruit set.
Vegetative growth of the same tomato or other totally
vegetative crops, however, may be more affected by
proper root temperature (65° to 75° F) than top
temperature.

Plant temperatures during the day are controlled
in proportion to solar radiation. This control
function is usually allowed to occur naturally since
any rise in solar radiation also increases the
greenhouse temperature above a daytime base of
65° to 70° F. If the daytime temperature is set
too high when light intensity is low, excessive
respiration can result in plants that are elongated
and weakened. This results in poor quality and low
production. If the temperature is too low, limited
growth occurs.
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Carbon dioxide must be available at ambient
(330 parts per million), or above, levels for good
production. Vegetable and rose growers usually
supplement CO, to 1,000 to 1,500 ppm. It requires
approximately 75 pounds of CO, per acre per hour to
achieve 1,500 ppm. Without supplemental CO,, it has
been demonstrated that CO, levels in commercial
greenhouses can drop to 200 ppm in 20 minutes on
a bright sunny day. This makes enrichment in-
creasingly important as infiltration is reduced with
energy conservation systems. CO, can be provided
from different burner sources, including a boiler
stack if a clean fuel is burned efficiently.

The relatively large amount of low temperature heat
required in greenhouses makes them good candi-
dates for using waste heat from electric power
plants and other industrial sources. Greenhouses
can also be heated with active solar collectors or
solar ponds.

For all alternate energy considerations, an
energy conserving greenhouse design will be much
more feasible than any conventional design.
Conventional designs require large, expensive heat
exchangers for low temperature waste heat appli-
cations. Further, a conventional greenhouse has
too high a heating requirement for any active solar
collector system. Floor or soil heating with nighttime
insulation tends to be as good an application for
alternate energy systems as it is for fossil fuel
heated greenhouses.

There is every reason to believe the greenhouse
industry has a greater potential for the future than
ever before. The consistent quality horticultural
product comes from the greenhouse, not the field.
Field production has relied on expensive mobile
fuels and the interstate highway systems, while the
greenhouse can use local low-grade fuels such
as coal or waste heat being generated close to
population centers.

The energy dilemma of the 70’s can shape a
future for the greenhouse industry that will be
brighter than ever before. The industry, however,
will need to make major technological changes to
conserve energy. And the supporting energy in-
dustries must develop energy systems compatible
with commercial greenhouse production.

The most crucial problem of the early 1980’s will
be to continue reducing the energy consumption
and operating costs of the existing greenhouse
growers. One economical alternative has been the
use of double plastic-over-glass (DPOG).



Reading:

DPOG reduces heat requirements 50 to 60
percent and has received wide adaptation by the
industry since 1977. New greenhouses and the
existing double plastic greenhouses must be de-
signed to adapt to some highly insulative nighttime
insulation system.

Night curtain systems are an intermediate step
in the right direction. A major step will be the
polystyrene pellet system under development in Ohio
which shows promise of reducing night heating by
90 percent. More research and development of the
handling and control systems is expected to bring
the pellet system into commercial use.

Building Hobby Greenhouses, Agriculture Infor-
mation Bulletin No. 357, U.S. Department of
Agriculture, #001-000-03692-1, for sale from
Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402. S1.

Conserving Energy In Ohio Greenhouses, Special
Circular 102, Ohio Agricultural Research and
Development Center, Mailroom, Wooster,

OH 44691. Free.

Conserving Heat In Glass Greenhouses With
Surface-Mounted Air-Inflated Plastic, Special
Circular 101, Ohio Agricultural Research and
Development Center, Mailroom, Wooster,

OH 44691. Free.

Energy Conservation and Solar Heating for Green-
houses, NRAES-3, Northeast Regional Agricul-
tural Engineering Service, Distribution Center,
Cornell University, 7 Research Park, Ithaca,

NY 14850. $1.50.

Hobby Greenhouses and Other Gardening Struc-
tures, NE-77, Northeast Regional Agricultural
Engineering Service, Distribution Center, Cornell
University, 7 Research Park, Ithaca, NY 14850. S2.
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Cheaper Ways to Grow
Tree Fruits and Nuts

By Larry K. Jackson

Fruit and nut growers can reduce energy consump-
tion in many ways.

Some of the suggestions given in this chapter
will vary from one geographic area to another and
from crop to crop. Due to space limitations, crops
and geographic areas have not been discussed
individually, but suggestions are offered in general
categories for consideration by growers.

Fertilize at recommended levels. Over-fertiliza-
tion is not only wasteful and expensive but may
in some cases actually reduce yields. Growers
should stay within established recommended
guidelines when possible.

Proper use of soil and leaf analyses allows more
precise determination of optimum amounts of
fertilizer to apply. Adjustments can often be made
before deficiencies actually occur, and wasteful
excesses eliminated before they cause harm.

Many fruit crops can be fertilized with reduced
frequency. In other words, consider using the same
amount of plant food per acre per year but with fewer
applications. Slow-release and organic fertilizers
can be of real benefit in these programs.

In regard to liming, bear in mind that most crops
have an optimum pH level. Proper and timely
adjustment of soil pH will increase plant growth and
enhance utilization efficiency of applied fertilizer.

Applying certain soluble mineral elements
through irrigation systems (fertigation) may provide
some growers with an opportunity to reduce both
application and material costs.

Use of nitrogen-fixing cover crops can often
provide an inexpensive source of nitrogen and
provide a “sink” for other applied nutrients which
will be released after the crop is incorporated and
begins to decompose.

Many growers have access to manure, composts
and other biological wastes which can often be used
as an inexpensive source of supplemental plant food.

LARRY K. JACKSON is Extension Horticulturist, Fruit
Crops Department, University of Florida.



Pest Control

Sophisticated
air-blast sprayer
used by most
tree fruit grow-
ers for rapid,
efficient pest
control.

Integrated pest management — use of chemicals and
biological control in conjunction with careful pest
monitoring and consideration of variables such as
weather and intended market — can save most
growers both energy and money.

Spray application techniques vary considerably.
Concentrate and/or aerial sprays are frequently
substituted for ground applications, because where
feasible, they usually provide faster control at a
lower cost. Both pesticide and energy consumption
are minimized.

Growers should consider the use of biologically
resistant plant cultivars wherever possible. Such
resistance is the most economical form of plant
protection available.

Consider management of weeds as an alternative
to control. It may be satisfactory to tolerate con-
siderable weed growth during certain periods of
the year with some crops. Mowing is usually less
expensive than cultivation, and should be considered
as an alternative weed control method.

Where weeds must be strictly controlled,
chemicals are generally accepted to be less expen-
sive and energy-intensive than traditional mechani-
cal weed control procedures.

The 4 “R’'s” — using the right quantity of the
right chemical at the right time in the right place —
are more important today than ever before. Growers
must know the pests, their life cycles, the chemicals
and rates recommended for control, and the most
efficient application techniques.

35



Efficient
Water Use

Overdoing
Cultivation

36

Water management is treated in detail elsewhere in
this section of the Yearbook. However, efficient water
use is important not only because of energy
considerations, but also because water itself is a
precious natural resource. Several areas of water use
efficiency are suggested below.

Irrigation scheduling. The accounting method,
where daily water use is calculated and subtracted
from the soil water balance, can help you determine
the optimum time to irrigate. Other methods are also
available to growers which can help guide irrigation
decisions.

Low volume irrigation. Recent advances in low
volume irrigation technology have made systems
available which are energy-and-water-efficient and
often relatively inexpensive. One new system in use
today is trickle or drip irrigation. Such systems have
strategically placed emitters which slowly release
small amounts of water directly in the rooting zone
of the plants being irrigated. Low volume of micro-
sprinklers, which are scaled-down versions of larger
gun-type systems, also appear very promising.

Minimizing weed growth, especially around
young plants, greatly reduces water needs for most
fruit crops. This is especially true on light, sandy
soils.

Scion and rootstock cultivars differ in ability to
crop efficiently with less water. This is a new con-
cept and little is known about water use efficiency
in many crops. The subject doubtless will receive
increasing attention in the future.

Most fruit crops should be pruned regularly.
This not only is horticulturally sound, but energy-
efficient as well since it lessens brush disposal
problems, increases efficiency of spray applications,
and facilitates cultural and harvest operations.

Many growers over-cultivate crops for esthetic rather
than horticultural reasons. Where soil compaction
is a problem or weeds cannot be managed by
herbicides or mowing, cultivation may be necessary.
However, minimize cultivation, not only to save
energy but also to reduce wear on equipment and
injury to crop roots near the soil surface.

Use of wind machines, irrigation, or a combina-
tion of heaters and wind machines will usually save
considerable energy compared to the use of heaters
alone for protecting fruit crops from cold damage.

Passive cold protection methods are also very
important. These include proper variety and site
selection, clean cultivation, irrigation of the orchard
floor to facilitate heat transfer, and optimizing
orchard geometry to aid air drainage.



Mechanical top-
per to trim
citrus trees.

Late pruning, fertilizaton and herbiciding
sometimes decrease cold-hardiness and should be
avoided or done cautiously. By the same token,
plants should not be allowed to go into the fall and
winter months in poor condition. Weak plants are
predisposed to cold damage.

Regular use of plats or maps greatly increase the
efficiency of orchard managers. Areas with special
problems or needs can easily be identified and
treated. Resets can be located quickly and given the
special care they need.

Remote sensing techniques using aerial
photography with infrared color film is now avail-
able in most areas. These new techniques furnish
growers detailed information on their orchards and
even help to determine individual tree condition.

When possible, equipment should be matched to
the tractor. Both under-and-over-powering imple-
ments are very energy-inefficient.

Implements should be the right size to operate
efficiently within the geometric pattern of the
orchard. For instance, if a 10-foot middle needs
cultivating, use a 10-foot disc instead of making
2 passes with a 5- or 6-foot disc.

Alternative power sources for farm equipment
may also prove quite energy-efficient. Diesel engines
use less fuel than gasoline or LP engines, for
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example. All equipment, of course, should be kept
in peak operating condition to assure maximum

efficiency.
Harvesting, Once the crop is produced and ready to pick, some of
Marketing the largest consumers of agricultural energy come

into play. Often there is little an individual grower
can do, but here are some energy ideas to keep in
mind.

A clean, level orchard floor will greatly increase
harvest efficiency. Remove overhanging limbs which
may obstruct movement of personnel and equipment.
A well-prepared orchard requires less energy to
harvest.

Consider pick-your-own or direct marketing
techniques. Many growers — especially those near
large population centers — use their customers to
harvest much of the crop. Pick-your-own (PYO) fruit
operations are often successful if properly managed,
and provide growers with a convenient market for
their product.

Most customers see PYO operations as an
opportunity to buy top-quality fruit of their choice
economically and as a source of recreation to the
family.

Some growers use direct roadside marketing or a
combination of PYO and roadsiding. Still others sell
their fruit directly to large outlets, local grocery
stores, or to a farmer’s market.

Energy-Saving Ideas
For Berry Growers

By Jerome Hull, Jr.

Energy conservation in agricultural production is
realized by reducing or eliminating production and
harvesting practices for which energy is required, or
by instituting an alternative method that is less

JEROME HULL, JR., is Extension Specialist, Department of
Horticulture, Cooperative Extension Service, Michigan
State University.
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Harvesting into
a small trailer
to facilitate har-
vesting and save
energy.

energy-consuming. It is also achieved by increasing
agricultural production per unit of energy used.

Agricultural research and grower innovation will
result in new or modified berry production and
harvesting methods. Development of satisfactory
postplant nematicides will enable strawberry growers
to avoid preplant fumigation. The postplant treat-
ment might be combined with a herbicide treatment
to eliminate one passage of equipment through
the field.

Eliminating a preplant fumigation in the fall will
facilitate growing green manure crops late into the
year preceding spring planting. This would increase
the amount of readily decomposable organic material
that could be produced and worked into the soil.

Plant breeding to develop varieties with resist-
ance to major insects and disease will enable
growers to minimize pesticide applications.
Pheromones to monitor insect activity, plus routine
inspections of plantings for pest activity, will permit
timely pesticide applications. Pesticide application
equipment will be put to work less frequently and
smaller quantities of pesticides formulated from
petroleum products will be required.

Micro encapsulation of pesticides may result in
greater pesticide effectiveness and prolonged
residual activity, thus enabling producers to apply
lower rates or less frequent applications of the active
ingredient and still achieve satisfactory control. An
increased interval between applications would save
on pesticide and equipment usage.
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Most strawberry plantings have sprinkler irrigation
systems for frost control. The systems are designed
to apply water to the entire planting continuously
throughout periods of subfreezing temperatures.
These irrigation systems could be adapted for
applying pesticides rather than using conventional
spray equipment. Development of satisfactory
systemic pesticides should make the irrigation
application technique very feasible.

Herbicides and herbicide application methods
can reduce tillage for weed control. Herbicides with
little or no residual active ingredient could be
applied to eliminate noxious perennial weeds before
planting. Wick and rope applicators can be used to
apply herbicides to foliage of weeds exceeding
strawberry plant height without injuring strawberry
plants.

Herbicide programs providing effective control of
grasses and perennial weeds would enable growers
to maintain plantings for additional fruiting seasons,
and avoid the extensive energy use required for
preparing, planting and establishing a new planting.

Plant analysis most accurately reflects the
nutrient status of perennial fruit crops. Analysis of
plant samples for nutrient content would result in
fertilization programs designed to apply only those
nutrient elements required for optimum plant growth
and fruit production.

Growth-regulating chemicals offer opportunities
to modify plant growth for more efficient man-
agement. Most berry crops ripen their fruit over
a period of time, rather than maturing the entire
crop at once. Growth regulators concentrating the
ripening period would reduce the number of times
harvesting equipment needs to travel through the
planting. Chemical tipping compounds might control
terminal growth on black raspberries, and promote
lateral branching and increased fruit-bearing
surface.

Mechanized harvesting can result in greater
fruit recovery. Harvesting strawberries by hand for
processing in Michigan yielded about 4 tons per acre
while mechanical picking resulted in nearly 5.5 tons.
Fruit was satisfactory for slicing, puree and juice,
but the machine more effectively gleaned all the
fruit from the planting than did hand pickers.

Increasing acreages of berry crops are being
marketed “pick your own,” where the customer
harvests the fruit. This saves much of the fossil
energy the producer would otherwise need for
harvest. However, the energy extended by customers
driving to the farm will offset the farmer’s energy

savings.



How Vegetable Growers
Can Cut Energy Costs

By R. E. Gomez and D. J. Cotter

Producers are supplying consumers year-round with
an abundance of fresh and processed nutritious
vegetables. The commercial vegetable enterprise is
very large, occupying about 3.3 million acres in 1980.
While this is an increase of only about 75,000 acres
since 1970, the total value has increased from $1.65
billion in 1970 to $3.08 billion in 1980.

About three-fourths of commercial vegetable
production goes to fresh market outlets while one-
fourth is processed. Both types of production are
energy-intensive.

During the 1970’s a study in California showed
that fresh vegetable production required, on the
average, 1.5 calories of fuel and electrical energy for
each food calorie produced. Canned vegetables
consumed 4.4 calories and frozen vegetables
5.2 calories, excluding energy in the containers.

Conservation is fast becoming an economic
necessity because vegetable production does require
large quantities of energy. It must be remembered,
however, that nonedible calories are transformed
into edible ones and that some processed foods
require fewer energy inputs when prepared in the
home.

Vegetable producers should plan carefully on
matters affecting energy and income. For example, is
it better to specialize in one crop and benefit from
production efficiencies, or produce several and
spread the risk of crop loss and market failure?

Many factors need to be considered, such as
crop rotation and succession, type of crops,
varieties, equipment and energy needs, labor
requirements, water and nutrient availability and
cost, and pest management programs. By carefully
examining each farm enterprise and the crops,
producers can make farming less chancy and more
energy-effective.

RICARDO E. GOMEZ is Program Leader-Horticulture,
Science and Education Administration-Extension, USDA.
Donald J. Cotter is Professor, Department of Horticulture,
New Mexico State University.
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Since the fresh vegetable producer does not have a
price guarantee, the best means a producer has to
assure profits is to strive for high yields at the right
time. For many years vegetable production efficiency
has been measured by yield per acre. In the future
we will also measure production efficiency in terms
of yield per quantity of water (mainly in the West)
and yield per unit of energy input.

Energy conservation begins with records. They
must be kKept so that decisions can be made. Some of
the important records are: a) location of each crop
planted; b) date and yield; c) pesticide application
(type, amount, results); d) fertilizer application
(amount, date, results); e) soil analyses (prior to and
after crop harvest); f) machinery time per operation;
and g) fuel costs. The more complete the records, the
better the decision you can make.

Crop succession and rotation influence energy
input by affecting weeds, diseases, and insects as
well as nutrient requirements of the future crops.
Consulting experts in horticulture, weed control,
plant pathology, and entomology as to the possible
rotational effects on pests and soils will enable the
producer to draw up a final schedule for crops.

Similar crops are often hosts to the same insects
and diseases. Even some nonrelated crops act as
hosts to the same pests. In some cases, a pest
organism may always be present and its effect on
crop plants must be minimized by variety selection
and/or cultural practices.

Irrigation (where necessary) increases yields and
quality, but also contributes to production costs and
energy expenditure. Use of water by many vegetable
crops has not yet been tallied up. Only when data are
available can a producer reasonably predict the
amount of water needed for his crop. Careful water
monitoring with tensiometers or other types of
measuring devices can give a producer a better pic-
ture of irrigation needs.

Trickle, drip, or subsurface irrigation systems
have not been used extensively on most vegetable
crops. More experimental testing by commercial
operators is warranted. Even though the initial cost
seems high, these techniques can help decrease the
amount of water, nutrients, and pesticides needed,
and can also be used for salinity management in
areas with salt problems.

In the arid areas of the West or where irrigation
is needed for germination and early plant develop-
ment, accurate soil leveling would be a way to save
energy, water, and labor costs. Technology changes



Adding
Organic
Matter

Capping

such as laser land leveling should be considered
by both large and small producers. When a field

is properly leveled it is less prone to flooding

and to certain diseases. Efficient use of fertilizers,
particularly nitrogen, is enhanced by applying the
right amount of water coupled with the correct
distribution of that water.

During soil preparation, adding organic matter such
as crop residues or manures can benefit soil
structure and water and nutrient holding capacities.
Organic matter added to soil is particularly im-
portant to promote better growth and development.
Proper growth makes for more efficient use of
water and nutrients.

Soil analyses can be used to predict nutrient
needs, organic matter requirements, and to estimate
water requirements and frequency of waterings.
These analyses are run by many Land-Grant
Universities and a host of private laboratories
throughout the United States.

Planting pregerminated seed can also improve
stands and yield even though it is costlier than dry-
seeding methods. Pregerminated seed, along with
precise planting techniques, can reduce the amount
of labor at thinning, the amount of water required,
and the time between planting and emergence.
Similarly, using high quality viable seed enables a
grower to select a lower seeding rate to reduce cost.

Mulching for weed control, moisture retention,
and earliness can also reduce unit energy input by
increasing yields. Plastic mulches, however, are
oil based and require energy in their manufacture
and in field application.

A grower must choose among the trade offs — to
mulch or not, to use plastic or not, or whether to
use organic mulches. The latter approach is ideal in
summer but delays soil warming and crop growth
when applied early in spring.

Pre-irrigation and planting seed in moist soils
followed by covering seed with two to four inches of
soil on the seed beds (capping) should also be
considered. These techniques have been used
extensively in some field crops and have been tried
successfully in some vegetable production areas.
However, small seeded crops cannot be planted in
this manner.

High density planted, single harvest, short-
season varieties will also play an important role in
the near future.

Mechanical harvesting promises to change fresh
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vegetable production drastically. A major benefit to
the grower is that peak labor requirements are
reduced. Producers can, therefore, predict schedules
and better use available labor on a continual rather
than sporadic basis.

While the shortrun effect on labor may be viewed
as detrimental, in the longrun farm labor is more
highly paid and work productivity remains high.

Plant geneticists and breeders often foresee
some of the changes before they take place. Their
foresight results in a timely array of varieties
adapted to the new constraints and opportunities of
the times and are often more palatable to the
consumer.

One recent societal trend is towards smaller families
and consuming groups, single-parent families,
couples, and retirees. Development of vegetables
small enough to be used by single people or couples
should also be of prime importance to plant
breeders.

The vegetable producer must start to think in
terms of a yet more intensive type of crop culture —
multiple or sequence cropping. Properly researched
techniques that enable more to be planted in a
given area can lead to lower costs of production and
lower consumption of energy.

Early application of pesticides may be warranted
to preserve a desired plant population, especially
when crops are precision planted. Encapsulating
seed with nutrients, particularly phosphorus or
micronutrients or pesticides, coupled with precision
planting, has a great future for tomorrow’s vegetable
producer.

Integrated pest management holds a legitimate
and important place in the vegetable farmer’s
operation. By using established levels in managing
pests efficiently, the producer can sometimes cut
down on use of pesticides. This will have a marked
effect on the production costs, and also reduce
overall energy expenditures of the Nation. The other
beneficiary is the environment. Pesticides are
necessary to assure plentiful food, but a clean
healthful environment benefits us also.

Low volume or ultra low volume spraying for
pest control should be considered for use on a wider
scale, and in conjunction with pest monitoring and
biological control. Cost levels need to be followed
closely.

The right pesticide must be used and the correct
amount at the right time to attain desired results
and cause least possible impact on the environment.



Culture

Minimizing
Transport

Instructions on labels as well as State and Federal
usage regulations must be followed.

No-till or minimum till culture can take place if plant
canopies can be developed quickly and densely
enough to shade out weeds. Therefore, high density
plantings can contribute to energy and production
cost savings.

Fertilizer efficiency needs to be investigated
further, especially of those nutrients readily moved
by water. Soluble fertilizer materials in irrigation
water can save costs for growers who apply small
amounts at the appropriate plant development stage.

Not much is known about when and how much
should be applied at what growth stage. New
techniques will allow growers to improve the timing.
Again, the producers, researchers, and Extension
personnel, working as a team solving plant
nutrient problems, can bring about a more
enlightened attitude towards energy and resource
conservation.

Too much fertilizer not only is a waste of
material, but could result in reduced yields and hurt
other plant growth and development processes.
Further excesses can become hazards to the
environment.

Another way to save energy costs on a nationwide
scale is to minimize transportation requirements
and costs. One method is to produce a large
assortment of vegetables regionally to meet most
needs. This is contrary to today’s criteria of growing
crops in regions where they are best adapted. But

if energy and transportation costs become high
enough, long distance transport may become
prohibitive.

Direct marketing offers another avenue for
energy savings, especially for local producers. The
internal quality of much locally grown produce is
excellent. Many consumers are willing to accept
vegetables of lower external quality if they know the
internal quality is as good or better than in produce
available through traditional outlets. Direct market-
ing could effect an attitude change in this paradox
between internal and external quality requirements.

The Land-Grant Universities, through research
and Extension, have a responsibility to present
information to make the public aware of nutritional
aspects of the various vegetables and the possibility
of substituting one vegetable for another. Educa-
tional programs will have to be increased and made
available for more people.
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To sum up, energy is used either directly by the
producer in fuel for vehicles and other equipment,
pumps, and graders, or indirectly in the form of
fertilizers, organic matter, pesticides, irrigation
equipment, and plastic mulches. Labor also
contributes to energy costs. Therefore, there are
many direct and many more indirect energy costs
which could be reduced with proper planning and
execution. With energy savings, we could still
produce vegetables efficiently and remain competi-
tive with other areas of the world.

Tips on Energy Saving
For the Home Gardener

By Ricardo E. Gomez

Since the early 1970’s there has been an increasing
trend towards more gardening activities around the
home. A total of 77 percent of households are
engaged in the care of some type of plants.

Even though each individual area is small, the
aggregate areas of plants around the home is large.
For example, the average home vegetable garden is
around 600 square feet, yet the total area devoted to
home grown vegetables is comparable to that used in
California for the commercial vegetable industry.

Energy savings in such individually small areas
seem negligible. But when taken as a whole they
can't be disregarded. So all homeowners share the
responsibility of using energy efficiently.

Energy is used as fuel for lawnmowers and other
equipment, to maintain water pressure, and to
produce chemicals and other materials for garden-
ing. Therefore, whenever any activity or practice is
minimized, an energy savings is bound to occur.

Of course, a reduction in the size of the
maintained area will cut down on energy related
expenditures around the home. For example, in some
areas of the West two gallons of water are used on

RICARDO E. GOMEZ is Program Leader-Horticulture,
Science and Education Administration-Extension.
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plants (mainly turf) for every gallon used indoors. By
maintaining only half the area, water use can be cut
a third.

Here are some tips for reducing energy con-
sumption while still growing plants properly.

The County Extension agent in your area (listed
under county government or the Land-Grant
University in the telephone directory) is an excellent
source of information and publications on locally
successful gardening practices such as adapted
varieties, soil requirements, pests, and how to use
vegetables and other edible crops. Obtain as much
information as possible before you start gardening.

Plan ahead as to where and what to plant, taking
into consideration the ultimate size of the plant
rather than the size when it is acquired or planted.
Many homeowners have to remove ornamental plants
at a late date because they are too large. Plant at the
correct spacing for mature specimens to save money,
time, and energy.

Vegetable gardeners do not need to plant more
than necessary, but thinning at the proper stage
to provide ample room for the crop is required.

A soil test — conducted by a university labo-
ratory or other — will help you determine the
nutrients required for a particular type of plant. This
soil test should be done every two to four years.
Remember that overdoing it with fertilizers can harm
plant development.

Composting materials (other than diseased or
insect-ridden plants or weed seeds) should be
attempted. Add this compost to the soil in the fall.
Other types of organic matter such as manures or
green manure crops should also be applied during
fall. This timing allows for the start of the
decomposing process and can result in water and
nutrient savings (need to apply less) during
the growing season.

Watering, if needed, should supply the plant with
enough so it can live and not drown. Too much water
can lead to diseases or improper development.

During drought or in arid areas, more frequent
watering is required. However, water early in the
morning and only if the plants need it.

Watch for wilting symptoms in the early part of
the day. If they occur — then water. If wilting occurs
in the afternoon, there should be no major problems
and plants will probably not require watering.

Daily waterings usually are not required, but may
be needed due to an insufficient amount used. This
causes plants to have a shallow root system which in
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turn calls for frequent waterings. Deep watering, less
frequently, can promote deeper rooting and more
drought resistant plants.

Controlling weeds can also affect water con-
sumption. Weeds are plants out of place and require
water for their development. Therefore, they
need to be controlled. Whenever possible, control
weeds and insects mechanically. However, these
pests can be overwhelming.

If pesticides are needed, read the label and follow
it carefully. More is definitely not better. Make sure
you have identified the weed, the insect, or the
disease before attempting to control it. If you need
help, contact your county agent or other knowledge-
able source of information.

Use of native plants for landscaping and utilitarian
purposes around the home can save energy. These
plants are better adapted and require less care than
exotic types.

Use disease and other pest-resistant or tolerant
varieties that are adapted to the area, the space
available, the type of culture, and your purpose for
growing them. Allow for the proper spacing when you
plant and, if possible, label the plants. Map the area
and write the variety, date of planting, types of
pesticides used, yield, and other pertinent informa-
tion and start keeping permanent records. They
will help you in the future.

Do not prune or thin plants because your
neighbor is doing so. Do it only when you need to
get rid of diseased parts, to provide more light, to
train or make plants more productive, or to give
them the space required.

Don't try to fool Mother Nature very often.
Mulches and greenhouse type devices (hot caps,
tents) can be used successfully in the garden, but
learn their limitations. Do not try to extend the
season in the fall by fertilizing late. This often
results in winter injury. Let the plants go dormant
as they should.

The chapters in this section on commercial
horticultural crops should be read by the home-
owner since he can always use some of the
techniques or ideas presented, or may be able to
adapt them to his special circumstances.



An Energy-Saving List
For Dairy Production

By L. E. Stewart and R. F. Davis

Milk and meat from dairy cattle are major con-
tributors to our food supply. Foods from dairy
cattle provide major sources of protein, minerals —
particularly calcium and phosphorus, and vitamin A
and B complex vitamins, including Vitamin B,,. The
quality of protein from milk and dairy products is
high, and nutritional requirements can be met
with smaller amounts than when animal products
are not in the diet.

Hides provide an important source of fiber for
a wide variety of uses.

Dairy production is an important agricultural
enterprise in the United States, placing first to
third in agricultural income in 16 of the 50
States. Over 10 million dairy cows produce milk
for our daily use.

While significant quantities of grain are
included in dairy rations, over two-thirds of the
total feed used in milk production is from forages
which have little or no alternative use in our
economy. Much of the land on which forages are
grown is not suited to more intensive cultivation.
Thus dairy cattle and other ruminant livestock
serve as collectors, concentrators, and converters
of non-food plants to high quality human food.
Byproducts of dairy production include a wide
variety of medicinal products.

Energy from fossil fuels is used in varying
amounts in milk production. Very small amounts
of energy are required for the harvesting of
forages by grazing, with more intensive use in
concentrated feeding systems — particularly the
feeding of high producing dairy cattle. Some
energy is required indirectly by dairy production
in the manufacture and construction of buildings,
machinery, and equipment required for this
activity.

Many functions of dairy production require
direct input of energy as discussed below.

LARRY E. STEWART is Associate Professor and Chairman,
Department of Agricultural Engineering, University of
Maryland. Richard F. Davis is Professor and Chairman,
Department of Dairy Science.
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U.S. agriculture used 223.2 trillion Btu's of
energy for operations directly relating to livestock
production in 1978. This was nearly 11 percent of
the total energy used in U.S. agriculture. The table
lists forms and amounts.

Direct Energy Use for Livestock Production

Energy Form Units Quantity
Gasoline 1,000 Gallons 604,363
Diesel Fuel 1,000 Gallons 487,283
Fuel Oil 1,000 Gallons 10,218
LP Gas 1,000 Gallons 403,845
Natural Gas Million Cubic Feet 5,141
Coal Tons 36,522
Electricity Million Kilowatt Hours 9,961

Milk production accounted for a significant
portion of this energy. On-farm operations include
feed processing and handling, waste disposal,
water supply and heating, space heating, ventila-
tion, lighting, milking and milk cooling, and
vehicle use directly related to dairy production.

These operations are important steps in
production of high quality milk for the consumer.
Although these operations are performed on
individual farms in many different ways, the
following describes typical farming operations in
terms of how energy is actually used in producing
these important foods.

Feed Processing, Handling. Farmers must
provide carefully balanced rations to dairy cows to
produce the maximum amount of milk per animal.
To accomplish this, grains must be mechanically
reduced by grinding. Then they are thoroughly mixed
with necessary protein concentrates, vitamins,
minerals, and sometimes forages. Finally the mixture
is conveyed to the animals in feeding areas.

Devices such as hammer or roller type mills are
used to grind grains so the animals can use the
feed in an efficient way. Vertical or horizontal mixers
are used to insure that the feed each animal receives
contains all nutrients needed for maximum
production.

Auger, belt, or chain conveyors requiring little
energy are frequently used to carry processed feeds
from the storage area to the cattle. Trucks or tractor-
drawn wagons with mechanized unloading are used
on many farms to mix and distribute feed.

Dairy cows also are fed silage and hay. Silage
is frequently stored in upright silos in which
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Ventilation
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mechanical unloaders are used to move the material
from the silo onto conveyors or vehicles that carry
feed to the cattle. Silage stored in horizontal silos
(bunker or pit type) is loaded on vehicles by front-
end loaders or specially designed elevators for
transport to feeding areas.

Hay for dairy cattle is generally baled and moved
into storage. It is transported by conveyors or
vehicles for feeding.

Farmers must pay special attention to waste
handling operations to provide sanitary products,
insure animal health, and prevent environmental
pollution. Dairy producers must remove wastes from
animal production units on a daily basis to meet
regulatory and sanitation requirements.

Methods most commonly used for waste removal
are either mechanical scraping or water flush
systems. In mechanical scraping, a tractor mounted
blade pushes wastes from the production area into a
manure spreader for direct distribution, or to an
approved storage tank or basin for later distribution
on the land.

The water flush system involves releasing water
at a controlled rate over a paved surface to wash the
wastes into a lagoon or storage tank. These fluid
wastes are then typically pumped through an irriga-
tion system so that fertilizer value of the manure
can be used in crop production.

Water Supply, Heating. All livestock require a
continuous source of clean water for drinking. Dairy
operations require larger quantities of water for
animal consumption and for washing milking
equipment and milking areas.

Health officials regularly inspect dairy farms to
be sure milk is produced under stringent sanitary
conditions. A dependable supply of clean hot water
is essential to the dairy farmer in meeting the health
regulations.

Most milking parlors use space heating for the
comfort of milkers during winter months. Hot air
furnaces, electric heaters, or radiant panels are used
to help operators in the cold, wet environment that
may exist in such facilities.

Sometimes dairy cattle are kept in buildings
designed to provide maximum production efficiency.
As a result animals are often rather concentrated
and ventilation is needed to control moisture and
odors within the production units.

A variety of fan ventilation systems are used to
remove a controlled amount of air from these
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facilities that will prevent moisture and odor buildup
without removing excessive heat from the building.

Lighting is for two purposes. One is to allow
animals to locate feed and water, the other so
workers can observe the animals and perform tasks
related to their care.

Milking, Cooling. Automatic milking systems
have been developed to quickly and carefully harvest
the milk crop. These systems are electrically
operated and controlled.

Vacuum systems are used to withdraw milk from
the cow and then convey the milk to refrigerated
tanks. Again, health regulations require the milk to
be quickly cooled in these tanks to insure a high
quality product. All components of the milking
system are automatically washed and sanitized upon
completion of each milking operation.

Farm trucks and autos are used in providing
many functions related to milk production. Worker
transport, on-farm animal transport, and hauling of
feeds and other supplies are the primary users of
energy in this aspect of livestock production.

Farmers, like all U.S. citizens, are striving to
reduce energy use in every possible way. Following
are some of the important things dairy producers
can do to cut energy use in their operations.

® Use low horsepower grinders operating for
longer time periods to minimize energy consumption
in feed grinding and mixing.

e In large operations, use three-phase electrical
service to reduce cost of motors and improve system
efficiency.

® Use conveyors and augers to replace vehicles
in distributing feed.

® Maintain all equipment according to manufac-
turers’ specifications (lubrication, alignment, etc.).

® Let cattle self-feed to eliminate mechanical
equipment where possible.

® Set up gravity flow of materials where the
operational situation permits.

® Use controlled grazing to provide forage for
animals at appropriate times of year.

Waste Disposal. Proper maintenance of
mechanical equipment is essential. The system must
conserve all of the plant nutrients so they can be
returned to support crop production.

Select equipment carefully to provide an efficient
flow of materials through the entire system. Waste
water can be recycled for flushing wastes from
animal housing areas.



Tips on Water
Supply,
Heating

Use Natural
Ventilation
If Possible

Use intermediate storage water systems. These
systems employ a low horsepower pump to fill a
large reservoir of water to supply needs of cattle and
for sanitation.

Maintain animal waterers properly to minimize
spillage and leakage.

Insulating water heaters can reduce energy use
as much as 10 percent. Set thermostat settings on
water heaters no higher than maximum water
temperatures needed. Drain water heaters periodi-
cally to flush out lime desposits and improve
heating efficiency.

Insulate hot water lines that pass through
unheated areas.

In space heating, insulate walls and ceilings of
heated areas. Carefully size the heating unit to
match environmental conditions needed. Maintain
the heating system according to manufacturers’
specifications. Insulate heating ducts. Keep
thermostats at lowest acceptable settings.

Note that wood stoves offer an alternative for
some on-farm situations.

Eliminate mechanical ventilation and use natural
ventilation where possible by renovation of existing
buildings and design in new construction.

When warm animal housing facilities are
required, consider a convertible system which would
be closed, warm and mechanically ventilated during
cold months, open and naturally ventilated during
warm months.

Reduce ventilation rates to minimum safe levels
in heated buildings.

Turn off fans when ventilation is not required.
Select fans with high cfm/watt rating. Clean fans and
shutters frequently and provide proper lubrication
and adjustment. Use temperature controlled, variable
speed fans to optimize air flow and reduce energy
use and loss.

In lighting, use lower wattage bulbs where
practical. Turn off lights when not in use. Buy
efficient bulbs and lamps.

Use task lighting to reduce whole area lighting
needs.

Install dimmers where total wattage bulbs give
more light than needed. Use photo-cells or timeclock
controls on outside lights.

For milking and milk cooling, maintain vacuum
pumps according to manufacturer’s specification.
Capture and use heat generated by vacuum pumps
and milk cooling equipment. A major portion of hot
water needs can be supplied from these sources.
Adopt approved “clean in place” practices that permit
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lower water temperature and detergent re-use by
recycling.

When using vehicles, maximize loads and
minimize trips. Plan schedules carefully. Follow
regular maintenance programs. Buy the right size
vehicle for the job. Inflate tires properly and check
weekly. Avoid excessive engine idling.

Extensive research and development is underway to
find ways for dairy farmers to produce energy on the
farm. Systems for producing alcohol and methane
are of major interest with solar, wind and biomass
use also being developed and demonstrated on
farms.

Alcohol Fuels. Dairy producers have special
interest in alcohol fuels they might produce, since
they can also use the stillage (spent grains)
byproduct remaining after distillation as feed for
animals.

For example, one bushel of corn can produce
2.5 gallons of alcohol and 30 gallons of stillage
containing 6 to 8 percent solids or 16 to 18 pounds
of grain (dry weight) from an on-farm still. For
continuous production, three gallons of stillage
should have a feed value approximately equal to one
pound of grain plus one pound of soybean meal or
similar protein supplement.

The large quantity of water involved in the
stillage presents some special problems in handling
and maintaining sanitary conditions. Thorough
evaluation of the economic feasibility of alcohol
production on each individual farm is essential.

Methane From Wastes. Production of methane
gas from animal wastes has been demonstrated as
technically feasible and should become an eco-
nomically feasible energy source in the near future.

It is estimated that for each 1,000 pounds of
body weight of dairy cattle, 44 cubic feet of methane
containing 26,000 Btu's can be produced each day.

Assuming 60 percent system efficiency, 100
dairy cows (1,500 pounds each) would produce 1.6
million Btu’'s of energy each day, equivalent to about
12 gallons of diesel fuel each day or 4,450 gallons
per year. Properly handled, enough electricity can be
produced from this source to approach meeting
needs of the farm unit.

Equipment and methods for collecting and storing
solar energy for dairy production have been
demonstrated in many operations throughout the
United States. Solar energy is used for hot water
heating, space heating for dairy production units,



and drying grain for animal feeding. Use for water
heating has the advantage of continuous application
and opportunity for direct storage of energy collected
during periods of intense sunlight.

Wind systems have been developed to efficiently
pump water or to generate electricity for use on
dairy farms. Wind energy applications are very site
specific. In other words, water can be pumped or
electricity generated only where the wind blows in a
relatively continuous fashion.

In coastal, mountainous or plains areas such
conditions usually exist. In other parts of the
country a dependable wind supply may not exist,
and a wind system would have limited use in milk
production.

Biomass Problems. Corn stover, straw and other
crop residues can be collected, compacted and
burned to produce energy for water or space heating
and crop drying.

There is normally sufficient residue remaining
on a corn field to provide more energy than needed
for drying the crop. However, efficient methods for
harvesting the residue have not been developed.
Also, there is concern that removal of too much of
the residue will reduce organic matter in the soil and
also may contribute to increased soil erosion.

Additional research and development is
underway and methods may be found to turn crop
residues into a viable energy source.

Agricultural Anaerobic Digesters, Bulletin 827, Ag.
Mailing Room, 112 Agriculture Administration
Building, The Pennsylvania State University,
University Park, PA 16802. Free.

Energy and U.S. Agriculture: 1974 and 1978,
Statistical Bulletin 632, ESCS Publications, U.S.
Department of Agriculture, Room 0054-S,
Washington, DC 20250. Free.

Small-Scale Fuel Alcohol Production, #001-000-
04124-0, U.S. Department of Agriculture, for
sale from Superintendent of Documents, U.S.
Government Printing Office, Washington, DC
20402. $6.
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How to Raise Hogs
For Less Money

By C. Stanislaw and B. Driggers

Conserving energy on a hog farm is not always a
simple or direct process. Every action must be
viewed in the total context of net productivity.
Adjusting the heat lower in the nursery, for example,
will cause the pigs to compensate by lowering their
feed efficiency. Diarrhea or respiratory problems
also can occur.

Some form of compensation for an inferior
environment can develop at any point in the chain of
production. At all times the swine producer needs
to be aware of the pig's environmental needs for
maximum productivity. His energy conservation
program must be directed at providing this optimum
animal environment with greater energy efficiency.
Compromising the environment itself to save energy
is counterproductive.

Let’s first take up energy conservation through
building design and construction.

Confinement continues to be the trend in swine
production, largely to reduce labor and to improve
performance through greater environmental control.
Thus, we must identify construction practices and
materials usage that will aid in conserving energy.

Tight construction is essential to reduce
infiltration losses. It has been estimated that
through small cracks and openings in a building and
around doors and windows, air infiltrates at the rate
of 220 cubic feet per hour per foot of crack with a
wind velocity of 15 miles per hour.

With an outside temperature of 30° F and an
inside temperature of 75° F, typical conditions in
some parts of the country during winter, the infiltra-
tion loss for a typical 3 ft. x 6.5 ft. poorly fitted
door is equivalent to 0.9 gallons of LP gas per day.
Most buildings will have several doors and windows
which then will significantly increase heat losses
because of infiltration.

Weatherstripping around doors will drastically

CHARLES M. STANISLAW is Professor, Extension Swine
Husbandry, Area Swine Specialist, North Carolina State
University, Wilson. L. Bynum Driggers is Extension
Professor, Biological and Agricultural Engineering, North
Carolina State University, Raleigh.



lower this kind of loss. Also, plastic film tightly fitted
over windows will reduce infiltration and simul-
taneously provide a storm window effect which
further cuts conduction losses through this area.

Insulation is absolutely essential to minimize
heat loss in the winter and heat gain in the summer.
Materials made for this purpose must be installed
in the walls, ceiling, roof, under the floor or around
the foundation.

The first illustration shows the effect of insula-
tion on heat loss in relationship to the insulation
thickness and its resistance or “R” value. In gen-
eral, sufficient insulation should be provided to
keep the heat loss below 5 Btu/hr per square foot.

The second illustration shows the relationship
between insulation thickness and its “R” value.

A typical 20-crate farrowing house is 24 ft. x 56
ft. with 8-foot walls. When insulated to insure a heat
loss of no more than 5 Btu/hr/sq. ft., the total heat

Effect of insula-
tion upon heat
loss through the
walls, ceiling,
or roof.
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loss through the walls and ceiling is 13,120 Btu/hr
or the equivalent of 0.14 gallons of LP gas per hour
or 3.4 gallons per day.

A poorly insulated house where the heat loss is
15 Btu/hr per square foot will require 0.43 gallons of
LP gas or equivalent per hour or 10.3 gallons per
day.

Thus, it becomes apparent that insulation is the
key to reducing heat losses through exposed areas.

Adequate amounts of insulation should be
installed during initial construction because it is
easier and cheaper to install at that time. In existing
inadequately insulated buildings, additional insula-
tion should be provided but many times it will be
more difficult and costly to install. A one-time
investment in adequate insulation results in a long
term energy savings.

Proper ventilation is an essential compatible
component of confinement swine housing. But over-
ventilation can be costly because of the heating
requirements for the ventilating air. It can also be
costly as measured by pig performance when a
building is under-ventilated.

A common misconception is that heating costs
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will be reduced when the inside temperature is
dropped by lowering the thermostat setting. Losses
through the structure will be less but the ventilation
loss will be much greater.

Incoming cold air must be heated in order to
increase its moisture-holding capacity. Cold air has
little capacity for picking up moisture. In general,
the moisture-holding capacity doubles as the air
temperature is raised 20° F.

An example will illustrate the interrelationships
between air temperatures, ventilation rate and
heating requirements.

A farrowing house maintained at 70° F and 75
percent relative humidity (RH) while the outside air
temperature is at 30° F and 75 percent RH requires a
ventilation rate of approximately 25 cubic feet of
air per minute (cfm) to remove the one pound of
moisture produced per hour by the sow and litter. If
the inside temperature is maintained at 50° F and
75 percent RH while the outside remains at 30° F
and 75 percent RH, the ventilation required to
remove the pound of moisture is 70 cfm.

To heat the 25 cfm from 30° F to 70° F requires
1,160 Btu per hour, but to heat the 70 cfm from
30° F to 50° F requires 1,625 Btu per hour.

With the minimum ventilation the heat require-
ment per day is 27,840 Btu or 0.30 gallons of LP gas
or equivalent. But in the cooler room with the
higher ventilation rate the LP gas requirement is
0.42 gallons per day, or an increase of 40 percent in
the heating requirement.

Hence, the best approach to energy efficiency in
enclosed, well-insulated confinement buildings is to
maintain the temperature in the 70° F to 80° F range
and provide good air distribution with precise
control over the winter ventilation rate for moisture
removal. Adjustments may be necessary in the
ventilation rate for gas removal depending upon
waste management practices employed in the
building.

The modern swine farm has a large variety of energy-
consuming equipment. Any piece of this equipment,
properly maintained or used, will require less energy
to operate.

Hot air heating systems should have the air
filters checked daily and cleaned if necessary. Swine
buildings frequently are dusty, especially under
minimum ventilation during the colder months. This
further emphasizes the need for checking the filters
regularly.
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Clean the lou-
vers on hog
house ventila-
tors regularly.
The added
weight of accu-
mulated dirt can
cut air flow
from the fan.
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This same dust coats the louvers on ventilation
fans. Moisture in the air cakes the dust, increasing
the weight on the louvers and resulting in less air
flow by the fan. Clean the louvers regularly.

Do not oil the louver hinges since oil will
capture and hold dust particles, thus aggravating the
problem. Use powdered graphite if lubrication is
required.

Fan blades likewise can cake with dust and
operate less efficiently. They should be cleaned
periodically, also.

Many ventilation fans in swine buildings operate
from an automatic variable speed control. Keeping
such fans “balanced” with some heating systems can
be difficult. This is especially so if the variable speed
control has a very narrow range between high speed
and low speed. Under these circumstances the fan
speeds up and exhausts too much warm air every
time the heater comes on.

In such situations, replace the automatic
variable speed control with a manual variable speed
control. With a manual control the fan stays at
whatever speed the operator sets it.

Electric controls in farrowing houses that
automatically dim heat lamps or other electric
heating units as the temperature increases inside
the building are a great energy saver.

These controls automatically adjust the heat
output to the pigs from the warmest part of the day
to the coolest part of the night. They also avoid the
rapid temperature changes that can occur if the




Managing

operator only has the alternative of turning heating
units completely on or off.

Accurate, dependable thermostats on all heating
units are a must for energy efficiency. Coil sensors
generally are more efficient than mercury bulbs.
Mercury thermostats are especially unreliable
because an accumulation of dust on the bulb and
spring greatly increases the on-off range. Installing
dust protectors or taping the openings are not
recommended since they tend to “insulate” the
thermostat against room temperature changes.

Even though animal behavior dictates actual
control settings, an accurate thermometer is
necessary in environmentally controlled buildings. A
thermometer serves two functions: 1) it establishes
the rough or approximate settings which are fine-
tuned by animal behavior, and 2) it enables the
operator to recognize thermostats that are changing
in their sensitivity.

On-farm feed processing equipment is most
energy-efficient if hammers and screens in the mill
are promptly replaced when worn. Most proportioner
type mills have the capability of bypassing some
preground ingredients around the hammers and
screens. When ingredients not requiring additional
grinding are so bypassed, the energy load in the mill
is reduced.

Fogging or sprinkling systems in the summer
should be on thermostats and timers. Fogging for
two or three minutes out of ten is as effective as
constant fogging. Also, studies have shown that less
drinking water is wasted with nipple waterers than
with bowl waterers. Keep in mind that energy is
required to provide all the water used on a hog farm,
even if it is wasted.

Pigs of all ages respond to their environment in a
manner that clearly demonstrates how comfortable
or uncomfortable they are. Every successful swine
producer understands these responses and adjusts
the environment as necessary. He knows that the
most efficient animal is a comfortable animal.

One of the most frequently seen expressions of
pig discomfort is piling up to keep warm.

Nursing pigs huddled against the sow, or even on
top of her, are cold regardless of the actual room
temperature. Likewise, pigs piled up at the source of
supplemental heat are not getting enough warmth
from the heat source. This may also indicate that the
rest of the room is being kept too cold. Pigs piled
along a wall or along the length of a pen partition are
attempting to avoid cold drafts.
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Arlan Benteman
heats his swine
farrowing
houses with
solar power. He
should recover
his initial in-
vestment within
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Comfortable pigs, however, are uniformly dis-
tributed over the entire floor.

Pigs under stress will have environmental needs
different from those of similar pigs not under stress.
Pigs that are weaned, moved, mixed or sick will
require an adjustment in the environment to be
comfortable. This is why no control settings are
sacred. They must be changed as needs of the
animals dictate.

The proper environment is provided most
efficiently when all pens, crates, or other holding
areas are fully stocked with animals. It costs no
more to operate a heat lamp for a litter of ten pigs
than it does for a litter of six. Likewise, energy
requirements to heat a nursery are no less when the
pens are only partially full. This same reasoning
generally applies to energy required for ventilation.
The more pigs that can utilize a given input of
energy, the less energy cost chargeable to each pig.



New Concepts

Obviously, the farm with the highest reproduc-
tive rate, lowest death loss, etc., will operate more
efficiently in terms of energy utilization than one
with suboptimum production of animals.

Swine production units are generally more
energy-efficient if the facilities are designed so that
only one age group of pigs occupies a given room or
building at a time. This commonly is referred to as
the all-in, all-out concept. It is a popular design to
help promote animal health. Fortunately, it also
promotes energy efficiency.

If two age groups of pigs occupy a single nursery
room, the temperature must be maintained high
enough for the younger pigs. This additional heat is
wasted on the older pigs in the room since the older
pigs have a lower heat requirement.

If two different age groups must occupy a single
room or building, the arrangement should be with
the older or larger pigs across the aisle from the
younger or smaller pigs. That will create the same
heating or ventilation demands at all points in the
length of the building.

This arrangement is preferred because it is
virtually impossible to provide two distinctly
different environments in one room with any degree
of energy efficiency.

Several alternatives to fossil fuel usage have been
promulgated, but very little technical base for design
as to the effectiveness, applicability, practicality, and
cost effectiveness accompanies all the rhetoric.

Research in many areas is underway and in time
meaningful results will be forthcoming, but for the
present one must be realistic about the current state
of development.

Solar. Application of solar energy to swine
buildings as a means of heating ventilating air is
suspect presently, in the authors’ opinion. Some
research has shown annual savings of 1 to 2 gallons
of propane for each square foot of collector.

For immediate application, though, solar’s
greatest potential may be to heat or preheat water
because water is a good storage medium. Heat stored
in the water can be used during non-daylight hours
when the collector is non-functional.

Methane. Possibilities of producing methane
from swine waste must be considered because of
tremendous public and producer interest.

The technical feasibility of methane production
from swine waste as well as other types of waste has
been documented. However, the economic justi-
fication for this process has not been demonstrated.
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To be profitable, methane production depends
upon economy of scale, cost of fossil fuel, and
recovering solid residues for animal refeeding and
liquid effluents for fertilizer.

Below-Ground Buildings. Below-ground
buildings do not appear to be too practical. As
pointed out previously, the greatest requirement for
heat is to warm ventilating air, and below-ground
construction would not contribute to energy savings
in this respect.

The moisture load could be increased because of
underground water intrusion. This would result in
higher ventilation rates and subsequently higher
heating costs.

Additional problems could be encountered in
moving animals in and out and also removing waste
from the buildings.

Geothermal. Several researchers have espoused
theories on geothermal heating and cooling. To
date, though, no specific design criteria and cost
effectiveness of this process have been developed.

One practical alternative to fossil fuel consumption
is a wood-burning heating system. Many producers
have access to wood or forest residues, and furnaces
or heaters are available for incorporation in swine
buildings. However, wood is costly in many areas.

Energy content of wood is approximately 8,600
Btu per pound, but it can vary depending upon resin
content. A cord of wood (128 cubic feet by volume)
contains 80 cubic feet of solid wood after the air
spaces are deducted.

If the wood weighs 40 pounds per cubic foot,
typical for many hardwoods, the energy content
is 27.5 million Btu per cord, equivalent to
299 gallons of LP gas.

All this energy will not be available, though,
because of losses in the combustion process and
the heating equipment.

Swine producers have become very conscious of the
cost of energy and the need to conserve energy
whenever possible. Yet energy is only one of many
variable costs that producers incur each year.

Compared to other variable costs in a typical
swine confinement setup, energy accounts for less
than 10 percent of the total cost in producing feeder
pigs, less than 1 percent for feeding them to market
weight, and less than 5 percent for the entire
operation.

This is illustrated by the energy consumption
and cost data at the North Carolina Swine Develop-



ment Center (see first table). The table includes

data only for the most recent year available so

that current energy costs would be more nearly
represented. From this table it is obvious that
opportunities for significant energy conservation are
in producing feeder pigs.

Energy Consumption
North Carolina Swine Development Center, 1979

Percent of Variable Cost

Producing Feeding Farrow to
Energy Feeder Pigs Out Finish
Electricity 2.1 0.8 1.8
LP Gas 6.0 0.0 2.5

The second table, from the same farm, illustrates
the actual energy used for various parameters within
the feeder pig production phase. This distribution
between the farrowing house and the nursery
building is specific for the production system em-
ployed on that farm.

Energy Consumption
North Carolina Swine Development Center, 1976-79

Farrowing Nursery
kWh LPGas kWh LPGas
(gal.) (gal.)
Per sow maintained 234.6 18.1 260.0 39.6
Per litter farrowed 118.2 9.2 130.6 20.1
Per pig farrowed, live 11.6 0.9 12.8 2.0
Per pig weaned 13.5 1.0 14.9 2.3
Per pig marketed 14.6 1.1 16.2 2.2

In any system, however, attempts to conserve
energy should be made in two areas.

One is to reduce actual energy needs by proper
building, ventilation, heating, and insulation design,
by proper equipment operation and by appropriate
animal management. The other is by more efficiently
using energy which is consumed.
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Some Better Ways
To Raise Poultry

By F. D. Thornberry

Development of America’s highly efficient poultry
industry and the accompanying economical
consumer price of eggs and poultry meat has been
the direct result of dependable energy sources.

This energy dependency will continue in the
foreseeable future and can have a profound effect
on all segments of the poultry industry — produc-
tion, transportation, processing, and distribution.
Interruption of energy supplies would cause a severe
burden on the industry, consumers, and the Nation.

Recent USDA data show that brooding accounts
for about 71 percent of the energy used in on-farm
poultry production. Lighting and ventilation use
7 and 4 percent, respectively. Waste handling, and
operation of feeding and egg collection equipment,
are responsible for about 18 percent. Energy costs
account for about 20 percent of total variable costs
of producing caged eggs, and 30 percent for broiler
production.

Energy use per production unit varies greatly
between types of poultry and housing, regions, and
individual producers. Climatic conditions cause
some differences, but these are often modified by
varying management practices, building design, and
degree of mechanization.

Costlier energy causes economic hardship for
poultry producers. As individuals, producers have
little flexibility and exert a minimal influence on
prices. They must absorb increased energy costs
since they are unable to pass them on to the
consumer.

The poultry industry also is totally dependent
on feed grain supplies. In the future, the most
important problem facing industry and consumers
alike may be the availability and cost of feed grain.

Extremely high grain prices caused by high
energy and fertilizer costs could conceivably push
poultry and egg prices beyond an acceptable level.
This could seriously injure the poultry industry.

FREDRICK D. THORNBERRY is Project Group Supervisor
in Poultry Science and Poultry Specialist, Texas
Agricultural Extension Service, Texas A&M University.
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Costly energy, questions concerning energy
supplies and inability of producers to pass on all
of the production costs indicate a real need for
improving energy management. Realistically, initial
conservation of energy will stem from applying small
energy saving techniques. Short term cost benefits
will be needed to stimulate immediate change.

The potential for reducing energy use without a
detrimental effect on production is significant. For
most producers, identifying and adopting energy
efficient practices and closer attention to detail will
effect an immediate saving in energy dollars.

Development and maintenance of appropriate
energy records are essential for an effective energy
conservation program. Such records will assist in
determining areas of excess use and in documenting
post-adjustment savings.

Data needed include electrical and fuel con-
sumption for poultry facilities, mileage or operating
time and fuel consumed by vehicles, a list of major
energy uses areas, and maintenance and repair
records. Other items needed include flock perform-
ance and environmental temperature records,
energy ratings for equipment, and installation and
service manuals.

Changes in general poultry farm operational
practices can significantly reduce energy expendi-
tures for most operations. Management personnel
must strive to make every employee conscious
of energy conservation.

Purchases of rolling stock should be oriented to
energy efficient vehicles of a size and horsepower
suitable for the job required. Vehicles equipped with
manual transmission often require less fuel to
operate than those with automatic transmissions.
Air-conditioning may not be essential for some
vehicles and employees.

Adherence to recommended engine maintenance
schedules, proper tire pressure, and correct driving
procedures will lower fuel consumption. Driving
procedures include minimal braking, smooth
acceleration, and moderate speeds at an even pace.
Engines should be turned off rather than allowed
to idle when the vehicles are required to stop for
extended periods of time.

Lights, air-conditioning, and heating units
should be turned off when not needed. Thermostats
should be checked and adjusted to provide comfort
and minimize energy use for both summer and
winter operations.

Insulation levels in heated or cooled work areas
should be evaluated and increased if practical. Holes
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and cracks around doors and windows should be
sealed.

An inventory of spare parts should be main-
tained to keep travel for replacement parts to a
minimum.

Energy costs for pelleting may offset nutritional
advantages of pelleted feeds. Added feed storage
capacity can reduce the frequency of feed delivery.

For egg farms, the frequency and volume of egg
pickup and delivery may be altered.

Energy required to incinerate dead birds and
organic refuse may make disposal pits or burying
more feasible for some operations.

Well insulated water heaters of the minimum
capacity needed should be installed adjacent to or in
areas of major use, and hot water pipes should be
insulated.

Purchasing decisions should be based on
equipment operating costs as well as purchase price.
Price alone can no longer be the final determinant.
More expensive but energy efficient equipment may
pay back the added cost many times with energy
savings during projected life of the equipment.

Improved housing is a key to reducing energy
requirements in production. House orientation can
have an important effect on energy efficiency. An
east-west orientation minimizes the solar heat load
in summer.

Virtually all layers, broilers and replacement
pullets are maintained in confinement housing with

WM CARNAHAN



varying degrees of environmental modification.
Confinement rearing of turkeys is increasing.

Enclosed housing for broilers and layers is a
reality in many Northern States. These houses
permit greater bird density and improve feed
efficiency in cold weather. They are a necessity in
some northern areas, even though energy required
for ventilation is increased.

In the South, curtain sidewall housing is most
common. There, the economics of enclosed housing
are not well documented. Greatly increased amounts
of energy for proper ventilation and cooling in
summer are required and improvements in winter
feed efficiency are less dramatic.

Insulation is essential if poultry houses are to
be energy efficient. Practically all new houses are
insulated and many older structures have had
insulation added. Amount of insulation used is a
primary factor controlling energy use and efficiency.
While adequate insulation is expensive, payback
through energy savings and improved performance
can generally be attained in 5 to 7 years.

Proper insulation of most types of poultry
housing reduces energy costs in hot as well as
cold weather. In winter, adequate roof or ceiling
insulation can reduce heat loss and energy
requirements in the form of extra brooder fuel or
feed. In cold climates wall insulation is profitable.

Ceiling or roof insulation in summer can
minimize radiant heat from the sun, reducing
temperature stress problems and ventilation and
cooling requirements. Roofs of older uninsulated
houses are often coated with whitewash or white
paint to reflect radiant heat and minimize heat
stress.

A variety of insulation materials are in use.
Insulation capabilities of different materials vary
widely. Spray-on polyurethane insulation is popular
for insulating existing houses. It is easy to apply
and effective in sealing air leaks.

Plastic and cellulose type insulation materials
are flammable, particularly when coated with dust —
a normal situation in poultry houses. Insulation
should be fire-retardant treated or protected from the
potential of ignition.

Houses and poultry have been lost as a result of
insulation ignited by backfiring motors, sparks from
welding units, and electrical shorts caused by
rodents chewing on unprotected wiring. Rodent
damage can be a problem with all types of insulation.
This calls for an effective rodent control program.

State Extension Service personnel can provide
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The ceiling
insulation in

this Florida
poultry house
helps reduce
radiant heat

from the sun.
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loss. This saves
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feed efficiency.
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recommendations on insulation needs for a par-
ticular area of the United States.

Brooding accounts for almost three-fourths of the
on-farm energy required in poultry production. In
the past, energy for brooding has often been used
inefficiently. However, increasing fuel costs and the
threat of shortages of natural and LP gases have
created a realization that brooding efficiencies

and resultant fuel savings must be improved
dramatically.

Brooding practices are quite similar for all
commercial species of poultry, although turkeys and
replacement stock require more space than broilers.
Fuel requirements are, of course, much higher in
winter than other seasons. Usage in the South is
higher than climatic differences require because
lower levels of insulation and more open housing is
used, resulting in greater energy loss.

The amount of insulation used in housing,
tightness of housing, and management expertise of
producers influence fuel requirements for brooding.
A number of improved brooding practices can reduce
fuel requirements. These include partial house
brooding, winterizing houses, proper maintenance of
brooders, and adoption of fuel efficient management
practices.



Partial house
brooding is re-
ceiving greater
acceptance as a
means of reduc-
ing fuel con-
sumption. The
plastic curtain
in the back-
ground confines
the chickens to
15 to 30 per-
cent of the
house and can
reduce fuel
consumption as
much as two-
thirds over
conventional

brooding
systems.
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Partial house brooding is receiving greater
acceptance as a means of reducing fuel consump-
tion. U.S. Department of Agriculture researchers in
Mississippi have shown this practice can reduce
fuel consumption as much as two-thirds over
conventional brooding systems. Under most com-
mercial conditions the practice can cut fuel
required by at least 25 percent.

In partial house brooding, chicks, or poults are
normally confined to 15 to 30 percent of the house
during the initial 10 to 14 days of brooding. A plastic
curtain is installed from ceiling to floor to separate
the brooding area from the remainder of the house.

Proper ventilation, adequate insulation, and
attentive management are critical. Mechanical
ventilation is needed to provide adequate air
movement for removal of moisture and to control
ammonia levels.

Following the initial brooding period the curtain
is generally moved to the center of the house for an
additional 10 to 14 days, after which it is removed
and the entire house placed in use.

Weather conditions determine how long brooders
will be used. In freezing weather, some heat should
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Adjusting a
curtain used in
partial house
brooding on a
contract broiler
farm.
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be supplied to the unused portion of the house to
prevent frozen water pipes and hoses.

Fuel requirements for brooding can be cut 10
to 15 percent and feed efficiency improved by
winterizing curtain wall houses. This is easily done
by tacking a layer of polyethylene to the inside of
sidewall openings to reduce air leakage. If houses
depend on natural ventilation via curtain manipula-
tion, the plastic should not extend the complete
height of the sidewall opening. Other sites of air
leakage and heat loss should be sealed. Even small
air leaks can be costly.

Extra ventilation and managerial attention may
be required to prevent excessive moisture and wet
litter or high house temperatures during periods of
increasing environmental temperatures.

Sidewall curtains must be kept in good repair.
Rodents should be controlled to minimize curtain
damage and feed wastage. An initial brooding
temperature of 84° F (29° C) to 86° F (30° C) rather
than the commonly accepted 90° F (32° C) is
acceptable under most conditions. A slightly higher
brooding temperature may be needed if chicks or
poults have been stressed, or high humidity con-
ditions prevail. Reducing brooding temperatures
2° to 3° F every 3 to 4 days rather than 5° F
per week can save fuel.

The maximum feasible number of poultry should
be brooded under each brooder. Capacity can be



Lighting
Schedules

increased by 10 percent or more by clustering
brooders in groups and using a single brooder guard
per cluster. Solid brooder guards are of assistance
in holding more heat in the brooding area.

Pilot lights on alternate brooders can often be
turned off in warm weather and during the latter
stage of brooding. Cage brooded layer replacement
pullets should be started in the top deck where room
temperature is highest.

Proper brooder maintenance on a scheduled
basis will minimize brooder failure during severe
temperature periods. It will also reduce maintenance
labor requirements when labor is needed for more
intensive chores.

A thermometer should be used to check the
accuracy of thermostat controls, to avoid wasting
fuel and stressing poultry. Inspections for gas leaks
should be frequent to minimize fuel loss and danger
from fire or explosion.

Fuel efficiency ratings as well as initial cost
should be a strong consideration when purchasing
brooders.

Electrical energy requirements for many poultry
operations can be reduced through modified prac-
tices and changes in lighting, ventilation, feeding,
egg collection and waste management systems.

Lighting practices which will conserve energy
include reducing day-length or hours of light
received per day, decreasing light intensity, and
adding reflectors. Use of fluorescent rather than
incandescent lights may also be considered.

Market poultry have performed satisfactorily
under a variety of lighting schedules, including 23
hours of low intensity light and various intermittent
lighting programs. Electricity for lighting can be
reduced by adopting a proven intermittent program
and using low intensity lighting at 0.5 foot candle at
bird level.

Daylengths greater than 15 hours per day seldom
improve laying flock performance. Similarily, a light
intensity of 0.5 foot candle is sufficient to stimulate
optimum egg production.

However, neither daylength nor light intensity
should be reduced on laying flocks in production.
Adoption of shorter end lighting programs and a
reduction in light intensity should be considered for
new flocks at the initiation of lay.

Intermittent lighting of layers as a means of
reducing electrical usage has been advocated but has
not gained widespread industry acceptance. Reasons
include the necessity for enclosed housing and
greater managerial attention.
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Simple aluminum reflectors and periodic
cleaning of bulbs will permit use of lower wattage
bulbs to produce the same light intensity, and can
reduce electricity requirements 25 percent. A clean
25-watt bulb and reflector provides about the same
intensity as a clean 40-watt bulb with no reflector or
a dirty 60-watt bulb with no reflector.

In new housing rows of lights should be
staggered to improve light distribution. Distance
between bulbs should be about one and one-half
times the distance from the light to the floor,
depending on ceiling height. Distance from the wall
should be half the distance between bulbs.

Fluorescent lights are more efficient in energy
usage than incandescent lights and should be
considered for new housing. However, fluorescent
fixtures and bulbs may have a higher initial
cost than incandescent and also present greater
maintenance problems.

Poultry house ventilation is a three factor
process involving air exchange, moisture removal,
and house temperature modifications.

Natural ventilation is commonly used in open-
sidewall housing. It depends on natural air cur-
rents and requires no expenditure of electricity.
Mechanical ventilation is necessary for enclosed
housing and is used in conjunction with natural
ventilation in many high density houses with open
sidewalls.

Effective ventilation at minimum cost becomes
increasingly critical with increases in housing size
and bird density, or when brooding and management
practices are drastically altered as with partial house
brooding. Optimum ventilation rates depend on
climate, desired temperature and humidity ranges,
house construction, waste management system, and

type and age of poultry.

Both positive (forced) and negative (exhaust) air
pressure systems are used for mechanical ventila-
tion of poultry housing.

Positive pressure systems force air movement
into and through the house and are commonly used
for ventilating and cooling poultry in open type
housing. In contrast, negative pressure systems are
commonly used in enclosed or curtain tight housing.
Air is brought in through well-distributed wall or
ceiling slot inlets or by cracking tight fitting curtains
near the top of the wall.

Economical and effective ventilation using either
of these systems depends on the proper selection
and efficient performance of ventilating equipment.
The producer is interested in initial cost, mainte-



Slow speed fan
in position to
cool broiler
chicks in sum-
mer heat wave.
Slow speed fans
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duce energy
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lation effective-
ness.
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nance requirements, and operational cost as
measured by the amount of air moved per watt of
power consumed under given conditions.

Differences in fan efficiency occur not only
between fans of manufacturers but also between fan
types of a given manufacturer. Independent testing
agencies evaluate many brands and types of fans to
determine air flow and power requirements.

Data collected allow the selection of fan designs,
sizes, speeds and motor size to provide the most
economical ventilation for a given housing situation.
Slow speed fans generally move air at a lower cost
than high speed fans of the same capacity. Thus,
additional or larger low speed fans are usually more
economical. They may be rapidly paid for through
reduced electrical requirements.

Evaluations of fans have revealed as much as 6.6
cfm/watt difference in efficiency between the least
and the most efficient fans for a particular situation.
This amounts to an operating cost difference of $145
per year for a fan delivering 8,000 cfm and used
3,000 hours per year. In large houses with a number
of fans such a difference in efficiency can be quite
significant.

In many areas of the United States, evaporative
cooling in conjunction with mechanical ventilation is
needed to attain satisfactory laying hen performance
in high density houses during periods of high
summer temperature. Properly engineered and
maintained evaporative systems can reduce incom-
ing air temperatures by 12° to 15° F when outside
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Housing equipped with evaporative cooling
systems must have roof or ceiling insulation. Houses
must be tight enough to channel incoming air
through evaporative pads when using a negative
pressure ventilation system.

Failure to maintain pads in a functional
condition can drastically reduce effectiveness of an
evaporative system. Pads must be kept moist.

Wood fiber pads are cheap but deteriorate rapidly.
Extension Service studies in Texas have shown
concrete coated fiber pads, though more expensive
initially, have a much longer life expectancy with
minimal labor requirements for maintenance and
replacement.

Clogged fogging nozzles can reduce effectiveness
of evaporative cooling pads. Nozzles should be
checked frequently to assure correct operation. They
can be cleaned with muriatic acid to remove mineral
deposits. Filters should be installed in water systems
to reduce clogging.

Inexpensive chlorination systems can be in-
stalled if sulfur or iron bacteria or algae are prob-
lems in nozzles and on cooling pads. Cooling pad
water should be recirculated and water leaks and
runoff kept to a minimum.

During cold weather, banks of evaporative pads
should be sealed with a plastic curtain to minimize
heat loss. Sufficient air intake areas should be
maintained to allow for effective winter ventilation.

Sprinklers on roofs or fogging within houses are
sometimes used to provide a degree of evaporative
cooling and alleviate heat stress.

Proper installation and maintenance of
ventilation and cooling equipment are vital if energy
is to be used most efficiently and equipment life
maximized. Manufacturer recommendations on
installation, operation, service and maintenance
should be closely followed.

Totally enclosed motors are essential to minimize
damage from dust and humidity. Pressure lubricated
or permanently lubricated bearings should be used.
Time-delay fuses sized for the motor should be
installed on individual fans to protect against
overload.

Check fans weekly and lubricate motors when
needed. Common fan problems include broken or
worn belts, inoperative motors, clogged protective
screens, pulleys out of alignment, and dirty blades
and louvers. Motors, as well as protective screens
and louvers, should be kept free of dust to maintain
maximum energy efficiency.



Luis Moreno
sweeps dust and
feathers from
fan guards in a
Texas layer
house. Fans
move air through
evaporative pads
during hot sum-
mer months to
cool the house.

BOBBE BAKER

Energy efficient ventilation and cooling of
poultry houses can be complex. Assistance in
determining ventilation and cooling requirements
can be obtained from State Extension Poultry
Specialists and Agricultural Engineers.

Mechanization of feeding and egg collection has
increased dramatically as production unit size, labor
availability, and costs have forced poultrymen to
substitute energy for labor. Energy needs for feed
distribution and egg collection and packing can be
reduced to an extent through better management and
maintenance practices.

Running time for mechanical feeders should be
kept to the minimum necessary to distribute feed
through the house. Feed leakage and wasted feed
increases feeder running time and electrical con-
sumption in addition to increasing feed cost.

Energy requirements and labor costs for egg
collection and packing systems can be reduced by
keeping egg collecting belts and equipment full by
collecting once daily. However, increased shell
damage from once daily gathering of eggs from
flocks with poor shell quality may offset savings in
electricity and labor.

Extension Service studies in Texas have shown
that shell damage in the form of impact checks is
directly proportional to the length of time eggs are
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Magdaleno Mor-
eno controls the
flow of eggs on
a collection belt
* on a Texas egg
farm. Keeping
belts and equip-
ment loaded to
capacity can cut
energy require-
ments and labor
costs in egg
collection and
packing
systems.
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allowed to remain in roll-out trays. It may be most
economical to gather eggs from flocks with poor
shell quality two to three times daily.

As with ventilation equipment, proper
maintenance of mechanical feeders and egg
collection systems is necessary for efficient energy
usage and maximum equipment life. A recommended
lubrication schedule should be maintained and
motors kept free of dust. Collection and packing
systems must be checked for adjustment on a
frequent basis to minimize shell damage and
maximize efficiency of energy use.

Selection of a watering system can also influence
energy requirements. Continuous flow waterers are
wasteful and increase water and accompanying
energy requirements greatly over other watering
systems. Water leaks should be kept to a minimum
to reduce water demand and minimize waste
management problems.



Handling
of Wastes

Intermittent watering programs can further
reduce water and energy requirements. However,
malfunctions which can be costly in terms of bird
performance are common. Close supervision is
required to prevent malfunctions.

Energy requirements for waste handling can vary
widely. A built-up or composted litter program for
broilers, turkeys and pullets can reduce energy
requirements for cleanout. Heat from bacterial action
in the litter may provide some reduction in energy
required during brooding. Energy requirements for
handling caged layer waste will depend on the waste
management system in use.

In-house dry storage of layer manure and
periodic cleanout generally requires an increased
ventilation rate. This is particularly true for high
density houses. Energy is also required to dispense
insecticides for fly control. Water leakage from
waterers into manure beds can be a real problem in
managing poultry manure.

Lagoon-flush systems, if properly constructed,
minimize waste handling and fly problems. This
system is increasing in popularity, particularly with
egg producers who have minimal acreage for waste
disposal and where markets for manure fertilizer are
not readily available. Disadvantages may include an
energy requirement to pump fill water for lagoons,
particularly if well water is used. Fertilizer value
of the manure is also usually lost.

In hot weather, pits can be flushed during the
period of maximum temperature to aid in reducing
house temperature.

Liquid storage of manure in pits beneath cages
eliminates fly control requirements, permits greater
flexibility in removing manure, and conserves much
of the fertilizer value of the manure. However, farm
water requirements are increased and considerable
energy is used in spreading the liquid on grass or
cropland. Odor complaints are possible when the
liquid is dispersed.

Daily or frequent cleanout with a scraper system
offers advantages but is energy intensive and
requires a greater amount of equipment maintenance
than other systems. Manure disposal or storage can
be a problem during prolonged periods of wet
weather.

Manure dehydration is not feasible except under
exceptional conditions. Energy costs for dehydra-
tion are prohibitive and marketing, packaging,
storage and transportation present problems.

The poultry industry depends heavily on natural
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and LP gases, transportation fuels, fuel oil, and
electricity. Possibilities for greater substitution of
coal, wood, and solar or wind energy for those
conventional fuels appear limited for the industry at
the farm level.

Use of coal and wood for brooding is feasible but
creates a variety of problems including storage,
handling, and availability. Solar and wind energy will
require further research, as will conversion of
biomass and poultry manures to a usable energy
form.

Dramatic increases in energy costs for
mechanization, lighting, and brooding will be
required to make other forms of energy competitive.

Shifts and adjustments in production patterns
and locations based on energy availability will likely
be minimal and slow because of unit size,
investment, and complexity.

Conservation practices and selection of efficient
equipment in brooding, housing and production
systems — particularly in relation to ventilation and
heating — appear to offer producers the greatest
potential for reducing energy use and cost.

Energy Use and Conservation in the Poultry and
Egg Industry, AER No. 354, U.S. Department of
Agriculture, ESCS Publications, Room 0054-S,
Washington, DC 20250. Free.

Gas Brooder Maintenance, Extension Fact Sheet
L-1772, Texas Agricultural Extension Service,
Extension Publications, Texas A&M University,
College Station, TX 77843. Free.



How to Produce Beef
For Less Money

By Danny G. Fox

Energy use in agricultural production is about

3 percent of the total energy used in the United
States annually. Less than 5 percent of the energy
used in agricultural production is for beef
production.

Therefore, total elimination of beef production
would be of minor significance in increasing the
availability of energy supplies in this country for
other uses, especially when consideration is given to
replacing beef as a source of food.

Of national concern is the adequate nutrition of
many people in both the United States and the world
in as energy efficient a way as possible. Two major
concerns are the efficiency of converting food energy
and protein to beef, and the proportion of this energy
and protein used in beef production that could be
used directly for human food.

About 70 percent of the energy and protein
consumed by cattle is excreted during digestion and
metabolism. About half the remainder is lost through
body maintenance and death loss. However, about
80 percent of the energy fed to the total U.S. cattle
population comes from forages which humans or
simple stomached animals cannot use. Included are
crop residues, non-grain plant parts, pasture, and
hay.

Much of the grain fed to cattle is harvested,
stored, and fed as high-moisture grain (rather than
drying and marketing the grain) because of factors
that limit the grain’s value on the market, such as
drought, early frost, mold, kernel damage, or
contamination. Part of the non-forage feed also
comes from byproducts of grain milling.

Cost of energy directly used in beef production
(not including feed production) is still a relatively
small fraction of the total cost. The equivalent of
about 12 gallons of gasoline per cow is used to
operate the cow-calf enterprise. At $1.20 a gallon,
this represents less than 10 percent of the total cash

DANNY G. FOX is Associate Professor, Animal Science,
New York State College of Agriculture and Life Sciences,
Cornell University.
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cost to keep a cow for a year. The equivalent of about
8, gallons of gasoline per head is used to operate
feedlots, or about 4 percent of the total cost.

However, energy used in producing feed for
growing and finishing cattle is substantial. Energy to
produce the feed (machine operation; fertilizer
manufacturing, transport and application; pesticides;
drying) for cattle fed in feedlots is about seven times
greater than that used to operate the feedlot. Thus, a
15 percent savings in feed required would entirely
offset energy used to operate the lot. Besides, there
is more opportunity to improve feed efficiency than
there is to reduce energy use in cow-calf and feedlot
operation.

Hence, only a brief summary will be given to
practices that will save energy in actual operation
of cow-calf and feedlot enterprises. Much more
discussion will be given to ways to reduce feed use
per pound of beef produced. Many practices will be
suggested and the potential for fuel savings will
be given where estimates are available.

The sources of fuel used are gasoline, diesel,
electricity, propane and natural gas. For ease of
understanding, energy use has been converted to the
equivalent of gasoline.

Specifics on management needed to carry out a
practice will be brief. The Cooperative Extension
Service in your State should be contacted for details.

A large proportion of the fuel used in a cow-calf
operation is for checking cattle and hauling
supplemental feed to grazing cattle. Most pickups
will use 2 to 4 gallons of fuel an hour. Thus,
anything that can be done to reduce the number of
trips will save fuel. Other practices will save fuel,
either directly or by reducing use of products that
require a lot of fuel to produce.

1) Feed supplement every other day rather than
daily. This can result in savings for many operators
of 100 to 300 gallons for the wintering period.

2) Rotational graze rather than continuous.
Cattle are concentrated in a much smaller area,
reducing the time and fuel required to check cattle
and to distribute supplemental feed. This will also
increase pasture production in most cases, giving
greater carrying capacities and thus more weight
produced for fixed fuel requirements. Up to 900
gallons a year could be saved on a large ranch where
cattle are spread over wide areas.

3) Use legumes with the grass where possible to
save on nitrogen fertilizer. In many cases the
additional protein will benefit the cattle, especially
grazing calves. Fuel energy required to produce,
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transport, and apply 100 pounds of nitrogen is about

. the equivalent of 22 gallons of gasoline.

4) Use grazing as much as possible. When use of
harvested feeds increase, energy costs usually rise.

5) Shorten the breeding and calving season.
Cattle require the greatest amount of care and
observation during the breeding and calving season.
If breeding is shortened, calving will also be
shortened. A 60 day vs. 90 day calving season saves
30 days of intensive observation a year. This could
mean 60 fewer trips per year to check cattle, which
could save 100 to 300 gallons of gasoline a year,
obviously depending on size of the operation and
how widely dispersed the cattle are.

6) Do everything possible to increase weaning
weights and percent of calf crop weaned. Many fuel
costs are fixed, so increased beef produced per
gallon of fuel used is a necessary goal to improve
fuel efficiency. Close culling, cross-breeding, timing
of calving season, pasture and supplemental feed
management are some major factors involved.

Feed production accounts for 86 percent of the
energy used in beef production, with the other 14
percent for feedlot operation and feed processing.
Most energy savings in the feedlot are related to
properly matching equipment power requirements to
a specific job, use of diesel rather than gas engines,
proper maintenance of equipment, optimizing light
use, and organizing feeding and manure removal to
minimize engine operating time.

Much of the opportunity for reducing energy
costs is in reducing the feed required per unit of
gain, since it contains the majority of energy input in
producing beef (machine use, fertilizer, irrigation,
drying, etc.). For every ton of feed saved, fuel
requirements are reduced by about 40 gallons. How
can it be done?

® Optimize use of growth stimulants. Use them,
re-implant as recommended, follow directions on
how to properly implant. Their proper use can result
in a net energy savings equal to 10 gallons of
gasoline per steer fed from weaning to normal
slaughter weight.

® Use feed additives that improve feed efficiency.
They can save about as much as the growth
stimulant. The two together thus save us up to 20
gallons of fuel in the United States per steer fed.

® Properly balance the ration. Be sure no
nutrients are limited, or are greatly in excess of
requirements. Seek help from the Cooperative
Extension Service, feed companies, or consulting
nutritionists to help formulate a feeding system.
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Where possible, the major feeds used should be
sampled and analyzed periodically. Then they can
be accurately supplemented, considering their
requirements according to stage of growth and
potential rate of gain.

Calves should be sorted so that as near as
possible those within a pen have similar nutrient
requirements.

Feed requirements could be reduced 10 percent
in many feedlots by improved ration formulation.
Many farmer-feeders often are especially careless in
this category. They either are not aware of the
importance of these factors, do not take the time to
balance them carefully or seek help, or do not follow
the recommendations given. A cattle feeder careless
with ration formulation and feeding 300 head can
indirectly cost himself and the U.S. public the
equivalent of 3,000 gallons of gasoline a year.

® Harvest and store the grains as high moisture.
On the average, about 10 pints of moisture are
removed per bushel of corn dried. This requires
about .18 gallons of LP gas per bushel. If an average
of 40 bushels are fed per steer, that's 7.2 gallons a
head. In most cases, storage and feeding costs need
not be greatly different if high moisture grain is
used.

Any increase in storage costs, losses, or feeding
costs with high moisture grain are more than offset
by improvement in feed efficiency and savings in
field losses through earlier harvest. More careful
feeding management, however, is required. Greater
attention must be given to feedbunk management
and protein supplementation.

® Avoid unnecessary processing, and carefully
choose a processing method. Losses are excessive
when milo and most small grains are not processed.
However, the major feedgrain, corn, does not
always require processing for optimum efficiency.
Processing generally improves feed efficiency if
rations contain over 50 percent roughage, the corn is
extremely dry (less than 10 percent moisture); or
when cattle are over 10 to 15 months of age. But in
some cases, such as steam flaking of corn, the
energy cost of processing exceeds the energy used
to produce the feed saved.

® Choose a feeding system carefully. Many
feeding systems are employed because cattle have
been used primarily to market feeds that otherwise
would have a low market value. Net gasoline
equivalent used per 100 pounds of gain varies from
17 to 24 gallons for feedlot finishing of a yearling
steer. Rations containing higher proportions of hay
and silage result in less energy for gain. However,
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this must be weighed against the longer time on feed
and thus higher non-feed costs to select the most
profitable system.

® Use byproduct feeds. Many byproducts of
grain and food production and processing are under-
utilized. Included are products from brewer’s,
distiller’s, cereal, fruit, vegetable and milk processing
and crop residues. Information is available through
your Extension Service on how to use them. If
energy and thus feed grains continue to become
more expensive, byproduct feeds will become more
profitable to use. For example, a cattle feeder
discovered he could replace corn grain and protein
supplement with corn screenings and wet brewer’s
grains, and saved $50,000 to $100,000 in feed costs
per year. At the same time, he obviously was con-
tributing to fuel conservation.

® Use manure efficiently. A steer excretes about
.3 of a pound of nitrogen per day, or 72 pounds over
a 240 day feeding period. This has a potential of
saving 70 pounds of manufactured nitrogen fertilizer,
which costs 15.8 gallons of gasoline equivalent. At
best, not all of this nitrogen will be available to the
plant, and in the past the cost of storing and hauling
has exceeded the value. However, it has to be
handled, and every effort should be made to capture
as much of it as possible. Again, bulletins are
available through Extension Service on this subject.
In general, avoiding exposure to weather and
incorporating into the soil as it is applied are the
most crucial practices to improve recycling.

® Sell cattle at their optimum slaughter weight.
A feedlot steer at low choice grade will burn over .4
of a gallon of gasoline equivalent per day. That’s
considering the fact he is eating 23 pounds of feed
dry matter. Most State Extension Services and
consulting nutritionists can offer valuable advice as
to the most efficient slaughter point for the type of
cattle being fed and cost-price relationships.

Beef Production and Management, Reston Publishing
Company, 11480 Sunset Hills Road, Reston, VA
22090. $15.95.

Energy Conservation in Agriculture, Special Publi-
cation #5, Council for Agricultural Science and
Technology, 250 Memorial Union, Ames, IA
50011. Free.

Great Plains Cow/Calf Manual and Great Plains
Cattle Feeders Manual, available through
Cooperative Extension offices in the Great Plains
States.

85



General
Travel

86

How to Raise Sheep
Easier and Cheaper

By Tom Wickersham

Sheep are special animals. As small ruminants,
they convert renewable resources (herbs, grasses,
legumes, even weeds) to meat and wool. It might be
argued sheep, on balance, supply energy rather than
use energy. The bumper sticker “Sheep run on
grass” states it succinctly.

Persons wearing woolen garments can be com-
fortable with lower thermostat settings. Sleeping
under woolen blankets is delightful in cool bed-
rooms. Substitution of wool for manmade fabrics
also saves energy because petroleum is the base raw
material used in manufacturing synthetics.

Sheep farmers, ranchers, and lamb feeders do
use energy in the production of over 5 million
slaughter sheep and lambs and 102.8 million pounds
of wool.

A 1974 study indicates about 58 percent of the
total energy used is for general travel, 21 percent for
feed processing and distribution, 11.5 percent for
assembling and handling, and 6 percent for farm
auto use. Other uses include 2.4 percent for waste
handling, 0.81 percent for space heating, 0.35 per-
cent for lights and 0.19 percent for supplying water.

Proportionately, sheep producers use more
energy on general farm travel and assembling and
handling than producers of the other meat animal
species. The energy used is about three-fourths
gasoline and one-fourth diesel fuel with only a
percent-and-a-half for electricity.

Energy savings can be achieved by sheep pro-
ducers just as all citizens can cut energy usage. It
would be logical to focus first on the big usage areas:
general travel and feed processing and distribution.

Successful sheep producers have their flocks under
constant surveillance and observation. This is neces-
sary in the range areas to prevent predator losses
and to move the sheep as part of good range manage-
ment.

A herder with a horse or two and a dog or two

TOM WICKERSHAM is Extension Livestock Specialist
(Sheep), Department of Animal Science, Iowa State
University.
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Sheep are often
fenced in so they
can be kept
under observa-
tion and protect-
ed from
predators.

literally lives with a “band” (1,000 or more) of sheep
from spring through the summer into the fall.

These herders need food, dog food, some horse
feed, and salt for the sheep supplied on a weekly or
bi-weekly basis. The supplies are taken to the
herders from the headquarters with light trucks.
Energy used in servicing these herders is abso-
lutely essential, and any savings in this area
and use would be minimal.

In other than range areas the same close obser-
vation of sheep is important. But these sheep are
often in fenced fields. There are also many producers
(Iowa and Ohio each have about 12,000). The flocks
may have only 25 to 100 head, but require daily
attention.

Characteristically, these sheep producers would
get in the pickup or on the small tractor to go look at
the sheep. There is opportunity to drastically reduce
or eliminate the energy used in this function.

More and more, sheep farmers are getting work-
ing sheep dogs. There is growing interest in breed-
ing and training these dogs for use with sheep. A
good working dog can be sent perhaps as much as a
quarter of a mile or more to gather and bring a flock
of sheep to the flockowner.

This seemingly small daily saving of gasoline by
the many sheep producers would cut energy use
significantly. Every sheep farm could well afford a
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stincts and
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sheep, saving
time and energy.
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good sheep dog to save fossil fuel energy, human
energy, and mental stress.

When energy was plentiful and cheap, little
thought was given to ways of managing sheep to
accomplish better results with the same energy, or
the same results with less energy.

Good management of sheep calls for gathering,
handling, and treating them several times yearly. For
example, sheep need worming two or more times
yearly, they are sheared yearly, vaccinations are
given, feet are trimmed. and they are sorted and
marketed.

With forethought, some of these management
procedures can be combined. This would signifi-
cantly reduce the energy expended, assuming that
each time a flock is worked the sheep have to be
gathered and driven to pens or corrals. Typically,
this would involve a pickup or tractor being driven to
the pasture, then slowly herding the sheep to the
pens. Next, the vehicle would idle along using fuel as
gates are opened and closed.

With some thought and prior planning, essential
management procedures could be combined so that
a flock would need to be herded together only three
or four times yearly, instead of twice as often. This
would save some energy without endangering the
wellbeing of the sheep.

CHUCK BENN



Processing
Feed, and
Feeding

Assembling
and Handling

Relatively little feed is processed for mature sheep
in breeding flocks whether in the Western Range,
Southwest, farm flocks, or New England States.
Nature equipped sheep with incisor teeth for effi-
ciently biting off forage, with lips and tongue that get
feed back in the mouth where the molars grind and
in a sense process it.

Feed processing methods have not proven greatly
superior to those nature provided sheep in terms of
converting feed to meat and wool. This suggests that
processing feed is unnecessary, costly, and wasteful
of energy.

Grinding and mixing diets for young lambs can
be justified even though some energy is used.
Rations for young lambs need to be carefully formu-
lated and fortified. Further, grinding and mixing pre-
vents lambs from sorting and unbalancing their
diets.

Pelleting is the most common processing
method used in lamb feeding. This process uses
energy for grinding, mixing, extruding the feed
through a die and for cooling and drying the finished
pellet.

Large commercial lamb feeders like to feed
pellets because the lambs can be self-fed rations
known to produce good results, and each bite of feed
is just the same, so lambs can’t sort their feed. Per-
haps the most important reason complete pelleted
feeds are fed is that the feed manufacturer fills the
self-feeders from huge trucks, thus eliminating much
of the labor normally needed to feed lambs.

Lamb feeders would have to quit feeding com-
plete pellets if energy use is to be reduced in com-
mercial feedlots. Alternate feeds such as corn silage
could be substituted. Higher energy costs may force
lamb feeders to use feeding programs in which less
processing of feeds is involved.

There is interest in raising sheep in confine-
ment. Some research has been conducted on such
systems. Few conclusions have been drawn. To date,
little consideration has been given to the energy
used in a confinement system.

Sheep producers are aware that in confinement,
all feed has to be hauled to the sheep and the waste
hauled away. This requires more energy than the
traditional system in which sheep graze 6 or 7
months a year and spread their waste with no energy
cost.

The decade of the 70’s produced a drastic decline in
the number of lamb slaughtering plants. Fewer than
15 plants in the United States have a kill capacity
of over 250.000 head yearly. Lamb producers and
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lamb teeders are faced with a marketing problem
growing out of the high energy cost of transporting
lambs to slaughter plants that are great distances
away.

A beginning has been made by sheepmen to
overcome this problem. It is saving energy and trans-
portation costs. Lamb tele-auctions are being
organized so a truckload (about 400 head) of lambs
is booked for sale on a given day by producers
in a county or multi-county area.

This truckload is subsequently auctioned and
sold via a conference call made to several lamb
slaughterers. The high bidder designates the ship-
ment date within the week. Lambs are brought by
producers from their farms a relatively short dis-
tance (usually under 30 miles) to an assembly point
where they are weighed and loaded into the large
truck and sent on their way.

This marketing method saves energy. Lamb pro-
ducers with few lambs use relatively little energy
getting their lambs to the nearby assembly point.
The long hauls are made by the full semi-truck load
unit.

A third energy saving is achieved by buying and
selling over the telephone. That saves gasoline
normally used by a lamb buyer driving an automobile
over the country for days buying a few lambs at this
farm or at that auction barn until the buyer has
enough to fill a truck. Then the buyer would retrace
the route or send a truck to pick up the lambs
bought.

There is also movement toward direct selling of
replacement ewes from western ranchers to farm
flock State sheep producers in semi-truck units.
Energy savings result from this procedure, and an
added benefit of delivering healthier animals not
stressed and exposed to disease in dealers’ and
traders’ hands.

The 300 to 400 head in each semi-truck are un-
loaded at a central point. Individual producers come
only a few miles to pick up the replacement ewes
they previously ordered.

Sheep producer will gain trust and experience
dealing with each other in local units and in different
areas. Orders and package shipments can be con-
solidated in economical units, thereby achieving
some economy and savings of energy.

Sheep producers will respond to the general
appeal for conservation of energy, especially in use
of the farm automobile. They will go to fewer shows
and sales, especially those at long distances. How-
ever, they need to continue to travel to educational
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meetings to keep current with technology and need
to participate with other sheep producers in their
organizations.

Most sheep barns, sheds or shelters do not have
heaters in them because supplementary heat is not
needed. Sheep carry around the warmest overcoat
ever made — their own fleece. In fact, sheep prefer a
cold, dry (low humidity) environment to warm, moist
conditions.

Less than 1 percent of the total energy expended
in sheep production is for space heating. That energy
used is during the lambing season to prevent chilling
or freezing of newborn baby lambs.

To conserve energy, in many sheep barns only a
part of the barn is heated — the maternity ward. It is
often well insulated.

In areas where temperatures are very cold, the
ceiling and sidewalls of barns are insulated. In these
shelters, ewes are often sheared at the time of con-
finement, preparatory to lambing. This allows
enough heat to escape from the shorn sheeps’ bodies
that the inside temperature will be kept well above
freezing when outside temperatures are a good bit
below zero. The sheep, in a sense make their own
warm room.

Only winter-born lambs require supplementary
heat for a few hours after birth. Sheep producers
know losses from chilling are higher and costs will
be somewhat greater as energy use and costs in-
crease. Some are shifting to a later lambing program
when temperatures are above freezing, eliminating
the need for supplementary heat. As these shifts are
made, less energy will be used in sheep production.
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Energy-Saving Ideas
For Food Processors

By R. Paul Singh

Most food consumed in the United States is
processed. Food is processed to extend its edible
shelf life, make it more convenient to prepare, make
foods edible that are otherwise unpalatable, produce
new food forms, and create ingredients for use in
further food processing. To accomplish these tasks,
food processors rely heavily on energy in the form of
heat and mechanization.

Major energy used in the food processing indus-
try comes from fossil fuels. The goal of this chapter
is to take up current and future energy use in food
and fiber processing, marketing, and distribution.
The discussion will include an energy-accounting
method that is an essential component of energy
conservation technologies.

In the last few decades the food industry has
grown rapidly. All indicators point toward continuing
growth in the future. In 1977, the total food market-
ing bill was $123.5 billion. The food processing
sector consumed $35.8 billion or 29 percent of the
total. The other major sectors were wholesaling,
$18.5 billion; retailing, $32.1 billion; public eating
places, $27.2 billion; and transportation, $9.9 billion.

Several socioeconomic factors affect domestic
demands for processed foods. Demands for con-
venience foods and food consumed outside the home
continue to increase as more spouses are employed
and family size decreases. It is expected the food
processing industry will maintain a key role in meet-
ing needs of the U.S. consumer.

Besides domestic needs, worldwide needs for
food are expected to continue to grow, as illustrated
by Chancellor and Goss (1976). Their study esti-
mated that: a) the world population will increase to
between 6.0 and 7.1 billion in the year 2000; and
b) world requirements for food calories in the year
2000 will be nearly double those in 1970.

The United States has maintained its leadership
in exporting agricultural goods. The agricultural

R. PAUL SINGH is Associate Professor of Food Engineer-
ing, Department of Agricultural Engineering and
Department of Food Science and Technology, Univer-
sity of California, Davis.
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The United
States is the
leader in export-
ing agricultural
goods like this
grain being
loaded on the
Missouri River
near Kansas
City. To main-
tain this leader-
ship, and meet
domestic food
needs too, the
food processing
industry will re-
quire a reliable
energy source.

Energy Need
After Food
Is Produced

trade showed a positive net balance of payments of
about $12 billion for each year from 1974 to 1976.
To maintain the export market leadership and meet
domestic needs of food, the food processing industry
will require a reliable supply of energy.

Several studies have focused on determining
energy consumption by the food sector. These find-
ings, summarized by the Federal Energy Administra-
tion (1976), provide a perspective of energy use in
the U.S. food system.

Of the total U.S. energy consumption, about 2.9
percent was used for farm production, 4.8 percent for
food manufacturing (processing), 4.3 percent for in-
home food preparation, 2.8 percent for out-of-home
preparation, 0.5 percent for wholesale food trade, and
0.8 percent for retail food trade.

These values include direct, indirect, capital and
transport costs in energy use.

Substantial energy is expended after food leaves

the farm gate. Only 18 percent of the energy in the
food system is spent in food production, with the
remaining 82 percent used to process, market, and
prepare it for consumption. The largest share of that
82 percent is used by the food processing segment.

A study by Development Planning Research
Associates, Inc., reported by Unger (1975), provides
comparison of energy use within the leading energy-
intensive manufacturing industries.

The food and kindred products industry group
(Standard Industrial Classification 20) ranks sixth in
terms of gross energy use after primary metals,
chemical and allied products, petroleum and coal
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products, stone, clay and glass products, and paper
and allied products.

The food industry, however, relies heavily on the
other five industrial groups for goods and services.
Within the same group of industries the food and
kindred products industry ranks first in terms of
total employment, value added, and the total value of
shipments.

Of the 14 leading energy-consuming food and
kindred products industries, meat-packing ranks as
the highest energy consumer. Because of their
volume, the meat-packing, prepared animal feeds,
and fluid milk industries are the leading energy
consumers.

Ranking based on energy used per dollar value of
shipment indicates beet-sugar processing to be the
most energy-intensive followed by wet-corn milling.

Cost of energy use in the food system is low in
terms of per unit product cost. Doering et al. (1977)
presented information on energy cost per unit of
final product. Energy embodied in packaging is not
included. Based on 1974 costs, the energy cost
divided by market cost was less than 10 percent for
most common food items. As energy costs rise, the
energy cost per unit market cost will also increase.

The type of energy source used in the food sec-
tor varies among different segments. The processing
industry uses all fuel types, whereas other seg-
ments, such as transport or home preparation, are
overly dependent on a single source.

Most warehouse and retail establishments rely
heavily on electricity for distribution. Considerable
energy derived from liquid fuels is used by medium-

G ROBINSON



Flexibility
With Fuels

size transport vehicles such as route trucks and step
vans weighing 8,000 to 14,000 Ibs.

The processing sector has greater flexibility in sub-
stituting one fuel source for another. Since a volun-
tary energy-conservation program was adopted in
the food processing industry, these trends have been
observed.

For example, the National Food Processors Asso-
ciation reports that the canned fruits and vegetables
industry has relied increasingly on fuel oil, moving
away from natural gas. The natural gas consumption
for this industry decreased from 63 percent of total
energy used in 1972 to 50 percent in 1978, while oil
use increased from 20 percent of total energy
consumption to 35 percent (Department of Energy,
1979).

In the past, energy has been a relatively under-
priced resource. Although future energy prices are
uncertain and subject to unpredictable political and
even military events, energy prices may go higher —
even substantially higher.

The supply of some sources of energy may be
unreliable, as evidenced in the Midwestern States in
the winter of 1976. This problem may be aggravated
by political problems in oil-producing nations.

In view of these uncertainties it is important to
recognize the need for timeliness of the energy sup-
plies to certain food processing industries. For ex-
ample, most fruit and vegetable canning plants oper-
ate during only 6 to 12 weeks of the year; an energy
curtailment during that period would seriously affect
the industry.

Short-term stockpiling of coal and fuel oil for
processing plants in urban areas poses difficult
logistical problems.

The most convenient supply of energy to the
processing plant has been clean-burning natural gas
brought through pipes. In contrast, shipment and
storage of coal or fuel oil at or near the plant loca-
tion could create serious problems. Plants in urban
areas would require considerable expenditure to
maintain a reliable energy-handling and delivery sys-
tem. In addition, the industry will have to address
the environmental impact of burning coal to general
energy at plant locations.

A voluntary energy conservation program insti-
tuted by the Department of Energy (DOE) requires
major energy-consuming firms to report on their
energy efficiencies. Using 1972 as a base year, the
goal for the food and kindred products industry was
to improve efficiency by 12 percent by 1980.
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In a recent survey of selected food industries (DOE,
1980), it is reported that the food industry improved
its energy efficiency by 17 percent by 1978 over 1972
through installing steam traps and automatic con-
trols cn heating devices, eliminating excessive light-
ing, improving boiler efficiency, and other house-
keeping measures.

No major effort has been directed towards
energy-saving modifications of process equipment.

All major food processing operations have a
potential for energy conservation. Equipment used in
processing foods was designed during the era of
plentiful energy supplies. Previous emphasis on
equipment has been on capacity, product quality,
and reduced labor requirement. With little or no
concern about energy use, most present equipment
consumes more energy than necessary.

Improving efficiencies of energy use in process
equipment offers considerable challenges. It will be
unrealistic to expect the industry to discard current
equipment overnight in favor of newly designed
energy-efficient equipment. The more practical ap-
proach is to modify current equipment and operating
procedures.

New energy-saving equipment can be introduced
gradually as other equipment becomes obsolete.
Unfortunately, reliable data on energy use by
processing equipment are not available.

A question often raised is how to initiate an
energy-conservation program. Energy accounting is
the first step toward any major energy-related im-
provements in the food industry.

An energy-accounting method useful in develop-
ing energy conservation technologies for the food
industry was outlined by Singh (1978). The method
involves the following steps.

Decide on Objective. If the analysis objective is
to determine the feasibility of improving the thermal
energy use efficiency of a process, only thermal
energy sources (such as steam or heated air) need be
accounted for. All energy types must be accounted
for when determining total energy use of a process
or a plant.

Choose a System Boundary. Selecting a correct
system boundary requires experience and the ability
to visualize the process completely. Several attempts
may be needed to determine important energy in-
puts. This is more difficult when analyzing a large
system. But selecting a system boundary is relatively
simple for an energy analysis of food processing
equipment.



Substantial
Payoff Seen

Draw Flow Diagram. Energy used by different
processing equipment during a certain base time can
be presented concisely on the flow chart, and energy
used in the system per unit product can be calcu-
lated.

Identify Mass, Energy Inputs. All mass and
energy flows (steam, heated air, or electrical energy)
that cross the system boundary must be correctly
identified.

Measure Inputs. If the analysis involves a piece
of processing equipment, measurement will involve
such items as steam flow, product flow, or elec-
tricity. Repeated trials are needed to observe energy-
use variation, if any, in relation to time and different
product flow rates.

Identify Outputs. All energy outputs from the
system and product flow across the system boundary
must be included in the analysis. Certain forms of
energy output may not be obvious in the first trial.

Measure Outputs. Measure product flow and
energy outputs from system, including any increase
in energy in the product, such as increased product
temperature.

Once the information outlined in the above steps
is systematically obtained, energy accounting can be
carried out easily. The energy-accounting method
presented above is a powerful tool to obtain quanti-
tative information on energy use in food processing
systems. The method permits determination of the
relative importance of different processing opera-
tions in terms of their energy use.

The energy-accounting method is useful in finding
energy use efficiencies of various equipment. It
should be recognized that the method requires in-
stalling energy-sensing instruments followed by
monitoring and analysis of data. Initially, such costs
could be substantial for a large-scale accounting
study. However, substantial payoffs are possible.

Using an energy-accounting diagram for canning
whole-peeled tomatoes which shows the quantity
and type of energy consumed at various locations in
a processing plant, Singh et al. (1980) identified
major energy-intensive unit operations that should
be further examined in tomato processing plants.

A similar study conducted on an atmospheric
retort used to sterilize canned foods helped develop
modifications that showed a 50 percent reduction
in energy. Such modifications, with payback periods
of about one season, are already being imple-
mented in the canning industry to conserve energy
and reduce the impact of increasing energy costs
(Griffith et al., 1979).

97



Energy Costs
of That Can

Solar Used
to Dry Garlic
and Onions

98

Comparison of energy costs of different types of
processing methods has been a subject of few re-
search studies. The research data are still too
meager to draw final conclusions. However, certain
trends can be observed.

In canning food products the major area of energy
consumption is manufacturing the package, namely
the metal can. The energy cost of a can may be as
much as 190 percent of the energy used to process
the product. Similarly for frozen foods, large
amounts of energy are used in retail, wholesale and
the home for low-temperature storage — up to 340
percent of energy used to process the food.

Rao (1980) has computed the energy consump-
tion per 2.9 oz. serving of corn kernels from fresh
refrigerated, frozen, and canned as 2937, 2541, and
2875 Btu respectively. These values account for
energy consumed by various steps after harvest and
before in-home preparation. It should be stressed
that there is considerable variability in the data
used to obtain the above values.

It is expected that as more data become available
it will be possible to make better comparisons be-
tween different processing modes. In such compari-
sons, the influence of other factors —such as food
quality and rates of processing capacity — cannot be
overlooked.

Efficient use of solar energy in food processing
has been limited to a few processes such as drying
grapes for raisins and drying apricots. Recently,
through Federal funding, several feasibility studies
have been initiated to examine the use of solar
energy.

For example, solar ponds are being investigated
for preheating water for a food processing plant in
Alabama. During the day, water in six 181’ x 16’
ponds collect solar energy. The hot water is then
pumped to the plant for use in processing. The
project is anticipated to supply 7 percent of the
plant’s total energy requirement.

Solar collectors on the roof of a cannery in
Sacramento, Calif., have been used for heating water
to 198° F. The hot water is used in can-washing
lines.

A food dehydration plant in Gilroy, Calif., is drying
onions and garlic by air heated with solar collectors.
Water heated to 200° F in the collectors is pumped
through a heat exchanger to heat air for use in the
driers. The project is designed for dehydrating 250
million pounds of onions and garlic annually.
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Due to the high cost of solar collectors and their
poor efficiencies, the payback periods for such in-
stallations are currently not attractive. As the cost
of collectors becomes more reasonable and as costs
of conventional energy sources increase, more use
of solar energy is expected.

Use of geothermal energy in food processing is
obviously limited by geographical locations. A plant
in Ontario, Oreg., is investigating the use of geo-
thermal energy to supply energy to blanchers and
peelers for processing potatoes.

Certain food processors are re-examining plant
wastes that were earlier discarded. Biomass wastes
such as walnut shells, rice hulls, almond hulls,
peach and cherry pits contain large amounts of
energy. If properly harnessed, the wastes can be
used as an energy source for the processing plants.

A canning plant in Modesto, Calif., is burning
peach pits in the boilers to generate steam. The com-
pany expects fuel savings of approximately $190,000
per year.

Cogeneration is also being seriously considered
by processing plants. Since many plants use both
electricity and low pressure steam, the cogeneration
principle allows much better efficiencies in energy
generation.

Alternate technologies are expected to gain con-
siderable importance in coming years as energy
costs rise. Payback periods for adapting several of
these technologies will decrease with increasing
costs of fossil-fuel based energy sources.

In the recent past there has been considerable
interest in examining energy use in processing
agricultural fibers such as cotton and its comparison
with synthetic fibers.

For cotton, the major operations after harvest
are ginning, processing or weaving followed by
dyeing or finishing. According to Winkle et al. (1978),
100 pounds of baled cotton lint require 29 kWh of
energy. For manufacturing cloth the energy require-
ments are estimated to be 6.5 kWh/square yard,
while shirt manufacture consumes another 1 kWh/
square yard.

The analysis of Winkle et al. (1978) shows that
in order to manufacture cotton shirts the energy
requirement is less than the energy required for
polyester/cotton blends. However, when energy
consumption is compared on the basis of lifetime
use — thus accounting for washing, drying and
ironing — the energy requirement for polyester/
cotton blends is more favorable than for 100 percent
cotton.
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Considering production, processing and lifetime
use, energy-intensive maintenance of a cotton shirt
is 115.5 kWh compared to 72.4 kWh for the 65/35,
polyester/cotton blend.

This analysis clearly shows the importance
of careful system analysis when energy use is
examined. Certain products or processes may appear
very frugal in their energy use when considered
alone. However, the overall system may yield sur-
prisingly different results.

The time for energy conservation and use of alter-
nate energy technologies has arrived. The food
processing industry has a considerable potential
in realizing large energy savings through modifica-
tions of equipment and processes. As discussed
in this chapter, the industry has already become
more energy conscientious.

Judicious use of energy should help a process-
ing plant in maintaining a competitive edge over
others, in addition to keeping the price of food from
increasing due to costly energy.

Balancing Energy and Food Production 1975-2000,
W. J. Chancellor and J. R. Goss, 1976, Science,
Vol. 192, pp. 213-218.

Cotton versus Polyester, T. L. Winkle, J. Edeleanu,
A. P. Elizabeth and C. A. Walker, 1978, American
Scientist, Volume 66, pp. 280-290.

Energy Accounting in Canning Tomato Products,
R. P. Singh, P. A. Carroad, M. S. Chhinnan,

N. L. Jacob and W. W. Rose, 1980, Journal of
Food Science, 45(3).

Energy Accounting in Food Process Operations,

R. P. Singh, 1978, Food Technology, April, p. 40.
Energy Consumption for Refrigerated, Canned, and
Frozen Snap Beans and Corn, A. Rao, 1980,

Journal of Food Process Eng. 3(1).

Energy Use in the Food System, Federal Energy
Administration, #¥041-018-00109-3, for sale from
Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402. $2.65.

Energy Utilization in the Leading Energy Consum-
ing Food Processing Industries, S. G. Unger,
1975, Food Technology, December, p. 34.

External Heat Exchangers on Retorts Save TVG
$59,000/Yr., H. E. Griffith, A. Malvick and
K. Robe, 1979, Food Processing, May, p. 156.

Industrial Energy Efficiency Program, #061-000-
00363-1, Department of Energy, for sale from
Superintendent of Documents, U.S. Government
Printing Office, Washington, DC 20402. $3.50.



The North

Forests and Woodlands —
Stored Energy for Our Use

By Lawrence D. Garrett

Our vast public and private forests represent a
giant storehouse of energy. Daily they derive the
necessary nutrients and water from the soil and
energy from the sun to produce new stored wood
energy via the photosynthetic process. Little energy
is needed except where the natural process itself

is being improved.

This natural forest process of energy production
has many redeeming attributes. Most importantly,
it is self-sustaining. Given that we take only the
annual growth, the forest can remain a constant
provider of our needs, including energy.

Where then are these forests of energy? How
are they sustained for continued use? And, will it
take more energy to sustain and improve them than
they can provide?

Our forests of energy are everywhere we turn —
from the rolling hardwood forests of New England,
through the conifers of the high Rockies, to the
pine-hardwood hamlets of our Southland. Let's
look closer and see how they are used and
perpetuated.

Winters are cold in the North and especially in
northern New England. Here is a part of our Nation
where much of the population is crowded in large
cities such as Detroit and Boston, and most of the
energy used for heating is oil and gas. But in the
small cities and towns, wood stoves are in vogue.
omeowners and industry alike have turned to the
woodlots and vast forests for energy.

In these predominantly hardwood forests, maple,
beech, and birch are the preferred wood for fireplace,
stove, and industrial boiler. Here, where wood has
long been used for boiling maple sap and heating
homes, the farm woodlot has always been recognized
as an important source of energy.

In fact, if you ask farmers in Aniwa, Wisc., or
Fairfax, Vt., they will tell you the coming generations

LAWRENCE D. GARRETT is Project Leader for Multi-
resource Analysis and Management Research, Rocky
Mountain Forest & Range Experiment Station, USDA,
Flagstaff, Ariz.
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will be using their woodlots for a long time to make
maple syrup and heat their homes. Of course, they’ll
tell you that if you're smart, you'll always be two
years ahead on your wood.

Every farmer knows seasoned wood is the best.
Even if you let it dry only one year the moisture
content will drop, from about 35 to 50 percent down
to about 20 to 30 percent, and give you 10 percent
more heat and a more even burning fire.

They don'’t call the western forests woodlots. If you
ever stand in Wolf Creek Pass, Colorado, looking
west across the San Juan National Forest, you will
know why. Timber reigns here. Every day enough
logs leave the forests of western Oregon, Washing-
ton, Montana, and Idaho to build a small city. But
for every tree that is taken out, there is a lot of
wood left on the ground — wood that can make pulp
chips, flakeboard, and fuelwood.

Trees are big here, and homeowners, farmers,
and people in forest industry and Federal and State
forestry are making those trees fit many needs.
Heating homes is one of them. Just arrive on a
Friday afternoon in September to a U.S. Forest
Service timber sale on the Mt. Hood National Forest
in Oregon. You may pass several trucks loaded
with logs, but you will also pass a lot of homeowners
with % to 1 cord of firewood in their cars or trucks.

Douglas fir, larch, and ponderosa pine are the
species most used for firewood. However, the locals
in Colorado, Montana, Oregon, or Washington will
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tell you to get oak for the most heat per truckload.
It is not as available, but a cord of it will give almost
one third again as much heat as a cord of larch

or fir.

In the Southwest, water is scarce and timber growth
more restricted than in other regions. Yet it is here

that Indians long ago held an appreciation for wood

as fuel.

The forests of pinyon-juniper and ponderosa pine
are widespread on vast holdings of public lands.
Ponderosa pine is an important species to the
region’s wood products industry. The slow growing
pinyon pine, Utah and alligator juniper forests are
important producers of nuts, cover for wildlife and
domestic cattle, as well as critical elements in
water production.

Use for firewood is increasing at a rapid rate in
the pinyon-juniper forests, causing concern to
public forest managers. A typical acre of pinyon-
juniper forest will only produce 1/20th to 1/10th
cord growth of wood per year and because of its size
and quality has little value as a wood product. How-
ever, it is a favored fuelwood, as its resins produce
a hot fire. To prevent overuse of the pinyon-juniper
forests, forest managers are developing energy
sources from the tops and limbs of harvested
ponderosa pines.

Upland hardwoods of the Central United States and
pine-hardwood forests of the Southeast have long
been a source of wood for both cooking and heating.
These forests are some of the most productive in
the Nation.

Oak, hickory and ash are prized firewood. They
produce one to three cords of wood per acre per year
in bole wood (logs) and tree tops. Much of the tops
are not suited for other products but well suited
for fuelwood. Homeowners of the Appalachian High-
lands and Southeast have long been aware of their
value as fuel. Even in the shadow of the largest
coal-producing area in the United States, home-
owners have traditionally used wood for cooking
and heating.

With such an increased interest in wood for energy

nationwide, you might think it will become exhaust-

ed like oil or gas and then not be available. Or,

equally as bad, necessary efforts to grow or regrow

a plentiful supply will not be energy or cost efficient.
Forests are like coal, oil, and gas in that they

represent a hydro-carbon substance which when
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ignited in the presence of oxygen, produces great
heat. However, while replenishing coal and oil would
take millions of years, wood can be replaced in a
short time frame and with minimal energy require-
ments. Its replacement requires seeding or planting
new trees and culturing them to some degree until
maturity.

Today, forests and woodlots are regenerated or
reproduced by both natural and artificial means.

In a naturally regenerated forest, people do not
spread or plant seeds or plant seedlings, but leave
the dispersal and germination of seeds to nature.
A forest regenerated artificially is one in which
humans replant by broadcast seeding or planting
of seedlings.

Most of our forests and woodlots are regenerated
naturally, a process that requires little or no energy
from people. Nature provides for millions of seeds to
fall on each acre so that through a natural selection
process, less than 100 seedlings grow and mature
on an acre as adult trees.

Natural regeneration is not always successful.
Bare soils left after a wildfire has ravaged a forest
are not immediately conducive to seed germination.
Dry areas of the Southwest and wet areas of the
Southeast pose such difficult conditions for regen-
eration that decades can pass before good germina-
tion conditions coincide with good seed crops.

Artificial regeneration can be effective in repro-
ducing forests where natural regeneration is slow,
produces poor results, or creates unwanted forest
types. This is widely practiced in the South and
used throughout the United States. It is expensive
compared to natural regeneration, and requires
more energy.

Energy requirements for artificial regeneration
depend upon the methods used. They include broad-
cast reseeding using aircraft, planting seedlings with
machines, hand planting of seedlings, and hand or
machine planting of containerized seedlings.

Thousands of privately owned farm acres are planted
annually to tree farms, by hand planting or with
mechanized planting machines. Additional
thousands of acres are planted by forest industry
and by public organizations such as the U.S. Forest
Service.

Although artificially regenerated stands require
more energy for each tree surviving to maturity,
this additional input is returned from increased
growth. With genetically improved growing stock, an
acre can be made to yield % ton more wood per
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acre per year, thus partially justifying the planting
effort.

After establishment, much of our forests are
managed to improve tree growth and quality. These
improvement practices, whether on small farm
woodlots, large industrial forests or public forests,
increase the amount of wood grown on each acre.
Further, the fact that more wood is grown partially
offsets the additional energy requirements.

The extent to which forests are managed
depends on many factors including the owner’s
objectives, condition of the land, and economics.

Some public land is designated wilderness with
no timber cutting permitted.

Growth on some lands is so low it offers no
economic or energy return from managed treat-
ments. The best lands can yield a positive return on
investment from large increases in timber growth.

Public forest lands provide the best example
of the complete range of intensity and diversity of
management. They are managed for interests of the
public at large. As such, some areas will be designa-
ted only for recreation or endangered wildlife, with
no additional use allowed. Most forest areas are
managed for multiple use, producing timber products
such as lumber and fuelwood while providing wild-
life, recreation, and water as well.

These public forests are managed with extremely
low energy inputs as related to the amount of
energy received from wood produced.

In many States, special use legislation has been
enacted to encourage and improve the harvest of
fuelwood. Special harvests are managed to insure
removal of cull, dead, and undesirable species.
This improves growth and quality of the remaining
trees which will be used for products.

Many U.S. Forest Service and State forest lands
nationwide now have special management programs
directed at producing fuelwood. These public
agencies contract with loggers to remove over-
mature, cull, dead and undesirable species to special
landings where homeowners can cut the wood into
short lengths to load in their personal cars and
trucks.

Most private woodland owners culture their
woodlots using intermediate cuttings and/or har-
vests. These cuttings serve several purposes in-
cluding thinning of unwanted trees, fire prevention,
insect and disease control, and increased growth
of young vigorous trees.

In completing these intermediate cuttings from
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a 30-acre woodlot of average quality timber, about
12 to 16 cords of material can be realized annually
for wood product sales and/or fuelwood. The total
amount of energy required to grow and remove this
material is equivalent to only 1/20th to 1/10th of

a cord, or said differently, over 100 times as much
energy is produced than consumed.

Industrial forests, especially in the Southeast
and Northwest, practice more intensive culture.
Here regeneration may be effected naturally, or
through aerial seeding and/or ground planting of
genetically improved stock. Forests are thinned
at small sizes to improve growth and quality. Fire
control roads which also help in harvesting are
installed. When needed, aerial spraying is done to
reduce insect and disease populations or their
risk. Intermediate harvest cuttings also may be made
in some species, while others are clearcut at
maturity.

It is estimated that energy inputs into industries’
most intensive cultured pine forests of the South-
east represent less than 1/30th the wood energy
equivalents derived at harvest. Although as much
as 1/10th of a cord per acre per year of energy
equivalents is involved in growing some of these
forests, over 3 cords of bole and tops can be
produced.

Total energy inputs into the process of growing
forests are low, since much of our forests receive
relatively limited management and still are effective
producers of wood products and energy. More
management raises energy inputs, but the increased
growth offsets many of these inputs.

To test the potential of intensive management,
“energy forests” are being studied. Energy forests
could make use of lands not needed for agricultural
crops or used for other purposes.

Genetically improved species adapted to specific
areas can be planted and cultivated like agricultural
crops in short 4- to 12-year growth periods.

Energy intensive practices such as insect and
disease control, cultivation, irrigation, and fertiliza-
tion are applied to insure survival and rapid growth.
The material is then harvested. Regrowth comes
from root sprouts. This type of reproduction is
called “coppice” and can be repeated as many as
six times from the same roots. Growth is fast be-
cause sprouts grow from the existing root system.
Harvesting can be done with mechanized equipment
similar to corn or hay harvesters.

Even in these highly cultured energy plantations,
such species as eucalyptus, sycamore, red alder,
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cottonwood, and willow can produce 10 to 20 times
the amount of energy required for their production.

To understand the relationship between the potential
of forests for energy production, energy inputs
required to gain that production, and total energy
requirements of our Nation requires expanding our
view of energy.

Take first the U.S. total energy needs of 75 quads
(quadrillion Btus) each year, of which each quad
would equal 50 million cords of wood. To satisfy our
energy appetite completely from our forests would
require complete removal of all the forests in less
than seven years. A more efficient approach is to
concentrate energy use from trees and areas of
forests where there is limited demand for other uses,
and energy requirements for growth and harvest are
low.

Wise management of forests for energy would
concentrate wood energy use in rural and agricul-
tural communities where local use of wood energy
could be as high as 25 percent of a community's
total energy requirements. In so doing the harvested
forest growth could easily offset the entire energy
requirements for its growth, harvest, and transport
to users.

Our Nation's forests grow much more wood each
year than we take from them in the form of logs,
pulpwood, poles, chips, etc. In fact, as much as 6% to
8Y: extra quad equivalents of energy is grown but
not used. This material occurs in growth on quality
trees, small saplings, and weed trees that are left
standing, in treetops, limbs, and damaged logs left
after harvest, and in cull and dead timber not taken
in harvest operations. Using most of this potential
would not reduce our forests and in many cases
would produce greater growth.

Total energy required each year for planting,
fertilizing, thinning, fire, and disease control, and
management of forests is estimated at .003 quad.
With an input requirement of only .003 quad and
potential outputs of 6.5 quads, the energy efficiency
ratio of producing wood energy from the forests is
2,000 to 1 (6.5/.003). Of course the ratio could range
from over 2,500 to 1 in unmanaged forests to 5 or 10
to 1 in highly cultured energy plantations.

An additional .292 quads would be needed to
harvest and transport the 6.5 quads of wood to the
many places of use in rural America. Adding all
requirements for growth, harvest and transport of
6.5 quads of energy from the forests, total energy
used is only .295 of a quad (.003 + .292). That is,
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for every quad of wood energy grown, harvested
and delivered, approximately .046 quads are used,
most of which occurs in harvest and transport.

If only 4 quads of the wood energy potential of
our forests were to be used annually, it would
contribute 5 percent to our total energy needs. And,
it would require only .003 quad for growth and .184
quad for harvest.

There is opportunity then to increase our use of
wood products for energy. This can be accomplished
by increased wise use of existing farm woodlots,
industrial and public forests, and possible establish-
ment of biomass plantations. Greater use of trees
now being harvested should reduce the total input
into derived products, since the total products
received will be increasing with small boosts in
energy inputs.

Forested areas must be maintained if we are to
have suitable quality and quantity of clean air and
water. As such, the wisest management would be
to maximize the total use of these forests, deriving
not only benefits of water retention, clean air, noise
abatement, wildlife, recreation, and timber products,
but energy as well.

The Warmth of Woodfires, Information Bulletin 150,
Cooperative Extension Service, Mailing Room,
7 Research Park, Cornell University, Ithaca, NY
14850. $1.25.
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Forest Processing
And Energy Savings

By John F. White

Through its early stages of development, this
country relied heavily on the forest and its multiple
resources for the bare essentials of survival. Timber-
lands provided fuel and shelter and, to a degree,
food. Wildlife served as food and clothing. Water,
stored and slowly released by the forest, offered
avenues for travel and later a convenient source of
power as the Nation moved toward industrialization.

There was a seemingly inexhaustible supply of
timber in most regions. So much wood was available
that it actually got in the way. Thus wood not needed
for shelter, implements, or fuel was destroyed to
make room for development of agricultural activities.

Agricultural success eventually reduced de-
mands on the forest for food and clothing. However,
our dependence on wood for shelter and fuel was
to continue and grow with the country’s increasing
population.

For a long time wood was the only significant
source of fuel. And as late as 1875 it still accounted
for 75 percent of U.S. fuel needs. Energy from wood
that year is estimated to have amounted to about
3 quads, or about 3 quadrillion Btu's — about
twice the amount of energy derived from wood
these days.

The availability and low cost of coal, oil, and
natural gas eventually decreased the significance
of wood as a fuel except for localized or unusual
situations.

Despite heavy use in the past, 70 percent of the
Nation’s original forest land remains in forest cover
today. The fact that some forest areas are still
productive after being cut four or five times demon-
strates a renewability that makes forests unique
among the major natural resources. Renewability
not only holds promise of a future supply but also
an opportunity for significant improvements through
good management.

When there seemed no end to the supply, some
logging and processing of wood products was waste-

JOHN F. WHITE is Forest Products Utilization Specialist,
State and Private Forestry, Forest Service.
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ful. Only prime logs of desired species were removed
from the forests, leaving the remnants to rot. Un-
desirable and poorly formed trees were left to make
up the next forest and propagate future stands. This
pattern of cutting, called “high grading,” has led to
millions of acres of low quality timber today. These
consequences should encourage more careful
planning in the future.

Integrated marketing — where multiple products
are removed from forests during single or closely
timed harvests — has resulted in higher levels of
use. When sawlogs, veneer logs, poles, piling and
pulpwood are all, or in any combination, supplied
from a single sale, higher monetary and volume
yields are more likely.

A developing market for fuelwood, either in solid
form or as chips made from logging slash, promises
to complete a full array of marketing options. That
slash — made up of limbs, tops, and broken pieces
of trees — has been difficult to market in the past
because it contains a high percentage of bark which
is not normally acceptable in the pulp chip market.
Bark, however, has about the same heat value as
wood, and poses little problem when included in
fuel chips.

Both short and long term benefits stem from
using logging slash as fuelwood. Short range benefits
involve producing energy from a formerly unused
material, helping the industry and the Nation achieve
a more favorable energy balance.

Long range benefits will be felt when subsequent
harvests are scheduled on these stands. A better
job of cleaning up logging areas will make it possible
to assure a healthy new crop of trees and to control
undesirable species.

Dead and dying trees — victims of fire, insects,
disease or natural catastrophe — offer similar
possibiliities. Rapid removal of this timber will
hasten return of the land to productivity.

Of all the conventional materials used for housing
and construction, wood is the most energy efficient.
A tree has only to be logged, sawn into lumber, dried
and processed through a planer mill to become a
usable building material. This requires much less
energy than alternative materials such as metals,
concrete, and plastic. Steel, for instance, requires
about eight times the amount of energy per ton of
finished building material than wood.

Wood is a cellular material, a good natural
insulator when dry and properly installed. Most
building products manufactured from wood — such
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as plywood, flake board, particle board, and certainly
insulation board — retain that insulating quality
in place.

A dual benefit is thus achieved when wood
materials are used in construction. First, energy is
conserved in manufacturing and processing. Second,
energy is saved eventually in heating the completed
structure.

Use of manufacturing byproducts to produce
energy further improves the overall energy situation.

A marketing decision by a landowner or forest
manager normally begins the sequence of events that
results in delivering finished wood products to
consumers. Ideally, where public or industry owned
timber is involved, timing those selling decisions is
prescheduled in an organized forest management
plan.

Planning forest operations, including sales,
makes it possible to take long range land manage-
ment objectives into consideration, as well as
current timber market conditions.

If a mature stand of timber is to be totally re-
moved, steps should be taken to insure regeneration
of the next stand. If a partial cut is to be made, it
is important to assure proper condition and compo-
sition of the residual stand after harvest. In either
case a complete plan includes consideration for
wildlife habitat and watershed.

Forest management planning should not be reserved
for public and industry owned land. Management
plan assistance is available and highly recommended
to private landowners. Private landowners can have
management plans developed for them by consulting
foresters, or industry or public agency service
foresters.

Recommended language for sales contracts,
including performance specifications, can be helpful
to private landowners not familiar with the terms or
technical aspects of timber sales and utilization.
Descriptions of the sizes, species, volumes and
appropriate measurement scales for the timber to
be sold — as well as logging road specifications and
harvesting systems to be permitted or excluded —
are important elements of sales contracts.

When multiple products such as sawlogs, veneer
logs, or pulpwood are to be removed in single or
closely timed operations, accurate descriptions of
each product and operation are needed. The in-
creasing impact of fuelwood marketing also makes
it desirable to assign salvage rights to logging slash.

Following a decision to market standing timber,
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and after an offer to purchase is accepted, harvesting
begins. If a logging road network does not already
exist, maps, photographs and land surveys may be
used to set one up to fit contract specifications.
Large clearings adjacent to the road are also planned
for logging equipment and loading trucks.

From stump to truck the tree goes through four
separate processes: felling, bucking, skidding, and
loading. Although some mechanical felling and
bucking systems are now being used, these opera-
tions are normally done by individuals with
chainsaws.

Skidding and loading are highly mechanized and
energy intensive. In very rough terrain, overhead
cable systems partly or completely lift logs from the
ground. Helicopters are sometime used where the
land is too steep or the soil too fragile for
roadbulding.

On flat to moderately steep terrain, rubber tired
skidders and tractors move the logs. Motorized
feller-buncher equipment that shears the tree at
ground line, rather than sawing, is becoming more
common in flatland logging. One version shears the
lateral roots below ground and pulls the tree up with
the main part of its taproot intact. This is part of
the developing technology that makes possible more
complete use of forest resources. !

Computers are also part of the new technology.
An ability to model individual tree stems and to
simulate various bucking patterns by computer has
led to development of the Improved Harvesting
Program (IHP) by the Forest Service-USDA. Cooper-
ating State forestry specialists can acurately de-
scribe the operating efficiency of ongoing logging
operations, leading to better practices.

A national potential improvement in yield of
4 to 6 percent in logging is estimated. Many opera-
tions have exceeded that, and increased their propor-
tion of high value log lengths also.

Most potential gains relate to better control of stump
height, less breakage in felling, and better accuracy
in bucking logs to length. Transportation of more
accurately cut logs to mills reduces fuel consump-
tion per unit.

Logs from the forest are usually directed straight
to primary processing units such as sawmills or
veneer mills. Some timber, however, passes through
a concentration yard that separates high grade
specialty items and logs of low potential. Presorting
items such as poles, piling, house logs, and pulp-



Thousands
of Secondary
Processors

wood logs improves wood utilization and permits
smoother running plants.

Significant improvement potentials are in the
veneer and sawmill industries. A trend toward
smaller logs in both industries is accompanied with
an increasing risk of loss of correct processing
Secisions are not made.

Small logs incorrectly loaded in a veneer lathe
significantly increase loss to roundup waste com-
pared to larger logs more common in past years.
Electronic scanning devices in lathe charging equip-
ment improve veneer yields overall, and increase
the percentage of more desirable lengths.

Sawmill industry response to increasing num-
bers of small logs has been the design of single pass
sawing equipment to minimize movement of any raw
material in the reverse direction. Compared to large
mills that used to saw 200 to 400 logs per shift,
small log sawing systems today can process 3,000
individual logs in the same time.

Incorrect processing decisions on small logs
in a sawmill can be costly. A computer based simu-
lated sawing program, developed at the Forest
Products Laboratory in Madison, Wisc., has
been the base for most of the new technology in
sawmilling. This program makes it possible to
maximize lumber yield from logs after they have
been accurately scanned and located on the
processing equipment.

The Sawmill Improvement Program, using that
computer simulation, makes it possible to compare
actual mill practices with other simulated practices.

As a result, many mills increased their conver-
sion efficiency by quality control and process
control. Improved lumber manufacturing precision
makes it possible to reduce the thickness of wood
required for each stock thickness of lumber.

Secondary Processing plants that use lumber, veneer
and other primary wood products number in the
tens of thousands. They range from planer mills,
plywood plants and furniture factories to cabinet
manufacturers and specialty shops.

Throughout the industry, efforts to improve
yields and increase productivity are meeting with
success. Several programs designed for hardwood
dimension plants and furniture rough mills are
available through consulting engineers and public
agencies. A common characteristic is the ability to
systematically calculate the best grade mix of
lumber to purchase for required volumes of dimen-
sion parts.
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Lumber and veneer drying are the largest energy
consuming segments of the solid wood products
industry. Drying is thus a prime target of improve-
ment efforts. Fortunately the same planning that
improved yields at sawmills can improve dry Kkiln
operation.

Thinner, more uniform manufactured lumber
takes up less space when stacked in a kiln and
increases its capacity. Reduced amounts of “over-
sized” lumber saves energy which otherwise would
be used to dry wood that would end up as planer
shavings, not usable lumber.

Special drying techniques to “equalize” moisture
content of different boards in a kiln charge are
required less frequently when lumber of more uni-
form thickness is dried. Overall, the greatest energy
savings in solid wood production will be at the dry
kilns.

Tremendous volumes of logging slash are expected
to be a major source of energy independence within
the wood industries. Other processing residues such
as bark and chips will continue to contribute to
energy productivity. However, some of those residues
are the raw material base for other secondary
processing operations such as particle board, flake
board, and other reconstituted wood based materials.

Wholesale shifts from oil and natural gas fuels
to wood will undoubtedly trigger some pricing shifts
in the wood residue market.

Large volume markets for roundwood as residen-
tial and industrial fuel use will also create new levels
of competition. The wood pulp industry has tradi-
tionally been the major user of the largest volumes
of roundwood that were not acceptable to other
wood using industries. It now is about 45 to 50
percent self sufficient in energy. Significant gains
in yield and energy conservation are also close at
hand in paper manufacturing.

Exciting developments are taking place within
the wood using industries. Increasing interest in
wood for fuel should make it possible to support
timber stand improvement and improve future forest
productivity. At the same time we must recognize
the risk of overcutting the forests and therefore
plan carefully to sustain our forest productivity.



Farm Machinery Ideas
That Save Energy

By P. D. Bloome, I. W. Grevis-James,
L. K. Jones, and D. G. Batchelder

Between 1960 and 1980, production agriculture ex-
perienced many changes in farm tractors and other
machinery. Most were due to farmers’ desires to
reduce time and labor requirements for field opera-
tions. Wider implements and more powerful tractors
became available and were bought by farmers.

The most powerful farm tractor available in the
United States in 1960 produced about 85 horse-
power — a figure which represents the average farm
tractor in 1980. Tractors with 300 horsepower are
available today.

Demand for ever more powerful tractors led to
the four-wheel drive concept. Four-wheel drive trac-
tors generally have higher tractive efficiencies, allow-
ing them to convert fuel into drawbar horsepower
more efficiently than two-wheel drive tractors. They
also have greater flotation, which makes earlier
working of damp soil possible.

During the rapid rise in engine horsepower, trac-
tor weight did not increase as much. With lower
weight-to-horsepower ratios, faster field speeds are
needed to use available power. Lighter weight also
limits torque loads imposed on the drive train.

In 1960, tractors fueled with gasoline and LP gas
were used nearly exclusively. While diesel engines
are more expensive than gasoline or LP engines, they
are also more efficient converters of petroleum to
mechanical energy. Besides, diesel fuel contains
more energy per gallon than gasoline or LP gas, and
its price has historically been lower. To reduce
orerating costs, farmers today have almost
completely converted their purchases to diesel
powered machinery.

Rapidly rising energy costs have brought major
pressures to bear on production agriculture. Farmers
have watched diesel fuel prices climb past S1 per
gallon, whereas diesel fuel for farm tractors sold at
16 cents a gallon as late as 1970. Of even greater
concern are actual and potential shortages of fuel
during critical farm seasons. These problems

PETER D. BLOOME, Ian W. Grevis-James, L. Ken Jones,
and David G. Batchelder are with the Agricultural
Engineering Department, Oklahoma State University.
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resulted in major efforts to reduce fuel expenses and
eliminate fuel availability uncertainties.

Energy factors must be considered in selecting,
operating, and maintaining farm machinery. The
greatest scope for reducing energy consumption of
farm machinery lies with the operation of tractors
and tillage implements.

Selecting implements and tractors involves these
steps: 1) what crops are planned and acreages of
each to be grown, 2) types of tillage and cultivation
tools to be used, 3) implement widths to ensure
timely completion of each field operation, and 4)
power requirements for tractors established by
widths and speeds of the implements and appro-
priate soil characteristics.

Selecting tillage implements depends on the type
of farming desired. A farmer who prefers a clean
tilled seedbed will probably select a moldboard plow
as the primary tool. If the farmer wishes to leave a
certain amount of crop residue on the surface, then
a chisel plow or offset disk is more appropriate.

Each tillage operation requires a certain amount
of energy. Energy needed for primary tillage opera-
tions with three implements are shown in the table.

Average Energy Consumption,
Primary Tillage Operations

Implement Energy Required
(HP-HRS. Per Acre)

Moldboard plow (7" deep ) 23.5
Chisel plow 16.0
Heavy Offset Disk 13.8

Moldboard plowing consumes more energy than
disking or chiseling. For minimum energy use, select
a tillage system that uses implements with low
energy requirements. However, energy is not the only
basis for selecting implements. Leaving the desired
amount of crop residue on the surface, forming a
proper seedbed, and controlling weeds are also
important.

A vital step in machinery selection is determin-
ing implement widths. Required widths depends on
expected field efficiency, length of time available for
each field operation (timeliness), and speed of travel
through the field.

Field efficiency accounts for time spent in turn-
ing, repairing breakdowns, making adjustments, re-
fueling, etc., and for overlap of implement width. It is



Farmers

Right on
Timeliness

Tractor Test
Operaticn

expressed as the actual field work rate divided by
the theoretical work rate, and normally varies from
about 70 to 85 percent for most field operations.

Timeliness is the ability to perform a field
operation both at the proper time and during a short
period. It is most important during critical planting
and harvest seasons. Agronomic research has shown
considerable yield benefit from early planting of
corn, soybeans and other crops. Timely and rapid
harvest will avoid the field losses that can occur with
a single storm.

Engineers and economists have generally placed less
value on timeliness than farmers, but continuing
trends have shown farmers to be more correct.

High speed tillage with contemporary imple-
ments requires more fuel per acre than tillage at
slower speeds, as illustrated. Therefore, operating
costs for fuel rise as field speed increases. At the
same time, fixed costs are reduced at higher field
speeds since narrower implements can be used to
produce the same work rate.

A compromise is needed between high energy
costs and reduced fixed costs of higher tillage
speeds. Solution to this dilemma is being sought in
the design of tools with lower energy requirements.

A final step calls for selecting tractors to provide
the power output demanded by the implements pre-
viously chosen. Comparative test data is needed
to pick a fuel efficient tractor with the required
drawbar horsepower output. Tractor fuel economy
is expressed as horsepower-hours per gallon of fuel.
Tractors with high fuel economies convert fuel to
power more efficiently.

The Agricultural Engineering Department at the Uni-
versity of Nebraska has operated a tractor testing
facility since 1920. All tractor models offered for sale
in Nebraska must be tested at this facility. Test
reports of individual tractors and annual summaries
can be obtained by writing to the Department of
Agricultural Engineering, University of Nebraska,
Lincoln, NE 68503. Farmers use Nebraska test
results to select tractors in the same way car buyers
use EPA mileage ratings.

Nebraska Tractor Tests show tractors vary mark-
edly in ability to convert fuel into power. Of tractors
tested during 1979, there was a 23 percent difference
between best and worst fuel economies at maximum
PTO power.

If Nebraska Test results are graded according to
fuel economy and the rankings of the PTO and draw-
bar tests are compared, considerable differences
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between the two rankings are seen. A tractor’s per-
formance in the field is affected not only by its
engine efficiency, but by its weight-to-power ratio,
distribution of its weight, number of drive wheels,
and soil characteristics. Each of these factors affects
tractor fuel economy. During the 1980’s, farmers will
become more familiar with all factors affecting fuel
economy.

Tractor engines have better fuel economy at higher
engine loads. Fuel economy at full PTO power is
about 30 percent higher than at 50 percent PTO
power.

When engine loading is not high, fuel economy
can be improved by reduced throttle operation using
a higher gear, provided care is taken to avoid over-
loading the engine. This improvement is possible
since typical diesel engines give their best fuel
economy at about 2/3 rated power and 2/3 rated
speed.

The fuel-saving potential of reduced throttle
operation is shown in each Nebraska test. Since
1968, several hundred test runs — at about half full
load with reduced throttle setting — have shown
average fuel savings of 27 percent.

Many farmers are finding that even with rela-
tively heavy loads, substantial fuel savings are avail-
able through throttling back. The graph illustrates
improvement in fuel economy possible with heavy
loading and reduced throttle operation.

Tractor operators are faced with complex
decisions in deciding how to operate their equipment
for high output with good fuel economy. In the near
future they will have electronic assistance in making
these decisions.

Performance monitoring is the key to improved
tractor/implement operation. Monitors will measure
and display important variables that affect operation
and performance of the tractor and equipment.

Ilustrated is the type of monitor console ex-
pected on future tractor models. By referring to
information displayed on the console, the operator
can immediately see effects of any changes in gears,
throttle setting, ballasting, tillage depth, tire
changes, etc. The operator then can make the
changes that result in best fuel economy or working
rate.

The next step beyond performance monitoring is
automatic control feedback. Microcomputers can be
used to automatically select gears and set governors
for best performance or fuel economy. Microproces-
sors will also monitor oil pressure, coolant tempera-



ture, exhaust temperature, and other factors impor-
tant to tractor operation.

Performance-monitoring equipment will also
help the farmer make better machinery selection
decisions. Farmers will accumulate information
unique to their tractors, implements, farming sys-
tem, and soils. This information will provide the
basis for future decisions in selecting tractors and
implements.

In terms of saving both energy and money, good
maintenance makes good sense. Well maintained
equipment runs more efficiently, is less likely to
break down at a critical time, and lasts longer.

Thorough maintenance of tractors, especially en-
gines, ensures maximum use of each gallon of fuel
consumed. Both internal and external engine compo-
nents require attention. This means all adjustments
and clearances must be kept strictly within their
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Fuel system components, including turbochargers,
must be checked by qualified mechanics at the first
sign of improper operation. Faulty fuel injectors of
pumps can dramatically increase the quantity of fuel
used by the engine.

Blocked air filters can reduce engine output and
increase fuel consumption up to 25 percent. It is
vital to change filters at correct time intervals. Air
precleaners must also be inspected and cleaned
regularly. If precleaners are neglected, the more
expensive main filter will quickly become blocked.

In the future, performance-monitoring equipment
will indicate the need for maintenance. A drop in
power output or a decrease in fuel economy will
remind the operator of the need to perform routine
inspection and maintenance work.

Choosing a Tractor Using the Nebraska Tractor Tests,
FS-16, Cooperative Extension Service, Cornell
University, Distribution Center, 7 Research Park,
Ithaca, NY 14850. 20¢.

Fundmentals of Machine Operation-Machinery Man-
agement, John Deere and Company, Distribution
Service Center, Department SP, 1400 3rd Avenue,
Moline, IL 61265. $8.25.

Tractor Test Data, MS-418, Cooperative Extension
Service, Distribution Center, Umberger Hall, Kan-
sas State University, Manhattan, KS 66506. 35¢.



Cheaper Ways to Move
Irrigation Water

By M. E. Jensen and E. G. Kruse

Cropland irrigated in the United States has steadily
increased, especially during the past decade. Major
droughts like that in 1974 stimulated this growth.

Irrigation enables farmers to grow higher-value
crops and reduces production uncertainties from
year to year caused by variations in rainfall. Irrigated
farms produce about 27 percent of agricultural
products, yet irrigated cropland represents only
18 percent of the harvested cropland.

Most of the growth in irrigated land during the
past five years occurred in the Central and Southern
Great Plains, the subhumid States of Minnesota,
Missouri, and Wisconsin, and the humid States of
Georgia and Mississippi.

Rapid expansion of irrigation occurred when
energy was cheap and rapidly available. Costly en-
ergy is expected to slow the growth of irrigation and
significantly affect irrigation practices.

Much of the growth in irrigated land was due to
installation of sprinkler irrigation systems, espe-
cially center pivot systems. Many surface irrigation
systems have been converted to sprinklers, while the
total irrigated area has remained relatively constant
in areas such as the Pacific Northwest and the
Central Mountain States.

Sprinkler irrigation also enables farmers to irri-
gate land that could not be economically irrigated by
surface methods. Little labor is required, especially
for the center pivot systems. Where tall crops like
corn are not grown, side-roll sprinklers have become
very popular.

The irrigation equipment industry also provided
a major impetus to the growth of sprinkler irrigation
because commercial equipment was readily available
and service centers were established throughout
irrigated areas. A new system can be installed and
operating within weeks after it is ordered.

In 1974, only about 15 percent of irrigated land
was irrigated with sprinklers, but by 1979 this pro-

MARVIN E. JENSEN is National Research Program Leader,
Water Management, Science and Education Administra-
tion-Agricultural Research (SEA-AR), Beltsville, Md. E. G.
Kruse is Agricultural Engineer, SEA-AR, Fort Collins, Colo.
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portion had increased to over 30 percent. Sprinkler
irrigation expanded most rapidly when energy was
readily available and relatively cheap.

Conversion to a sprinkler system caused little
change in energy use where high pumping lifts were
involved because the pipeline distribution system
and better water control required less water to be
pumped. However, where pumping lifts were small,
the pressure needed for sprinkler irrigation greatly
increased energy requirements. Pumping lift is

the vertical distance water must be lifted from the
source to the point of discharge.

Energy required to lift water is directly propor-
tional to the lift involved. Applying water under pres-
sure is equivalent to lifting it an additional distance.
For example, applying water at a pressure of 345
kilopascals (kPa} (50 pounds per square inch, psi) is
equivalent to lifting the water an additional 35.2
meters (m) (115 ft.). Similarly, applying water at a
pressure of 517 and 862 kPa (75 psi and 125 psi) is
equivalent to lifting the water 52.7 and 87.9 m (173
and 288 ft.), respectively.

Equivalent Lift Associated With Applying
Water Under Pressure*

Pressure Equivalent Lift
kPa (psi) m (ft.)
172 25 17.6 58
345 50 35.2 115
517 75 52.7 173
689 100 70.3 231
862 125 87.9 288

*1 pound per square inch (psi) = 6.89 kilopascals (kPa) and 1 psi is equivalent
to a pressure head of 0.70 meter (m) 02 2.31 feet (ft.).

Lower pressures (170 to 345 kPa) typically have
been used with hand move and side-roll sprinkler
laterals. Medium pressures (520 to 630 kPa) have
been used on the center pivot sprinkler systems,
although many newer systems now are operated at
lower pressures. The highest pressures (over 860
kPa) are required for traveling and stationary
hydraulic gun sprinklers, which are used mainly in
subhumid and humid areas of the United States.

About a fourth of the crop production energy
used in the United States is for irrigation. Since only
18 percent of the harvested cropland is irrigated, it is
readily apparent that the average energy input per



unit of irrigated land is substantially greater than the
energy input to nonirrigated land.

Highest energy inputs for irrigation are in the
Northwest — where pumping lifts from the Columbia
and Snake Rivers are high and nearly half the crop-
land is sprinkler irrigated — and in the arid South-
west and southern High Plains where pumping lifts
are high and large amounts of water are used.

In Arizona, where more than half the irrigation
water is obtained from deep groundwater aquifers,
about 90 percent of the crop production energy is
used for pumping. A groundwater aquifer is a geo-
logical formation that transmits water in sufficient
quantity to supply wells or springs.

In the High Plains of Texas, over 60 percent of
energy used for producing corn is for pumping water.
Irrigation and nitrogen fertilizer account for 85 per-
cent of the energy input. Irrigated corn in the High
Plains requires about 2'. times more energy than
corn produced in the Corn Belt — mainly because of
irrigation and some additional nitrogen fertilizer.

In pump-irrigated areas, energy-related inputs
may make up 55 percent of all variable production
costs, with about half of these for irrigation pumping.

Increases in energy costs have a greater impact
on production costs in irrigated areas than in non-
irrigated areas. If energy costs rise, you can expect a
drop in the area of irrigated cropland, or a change to
higher-value crops, where the pumping lifts are ex-
tremely high and low-valued farm crops are currently
produced.

Annual energy required to pump water for vari-
ous total dynamic heads and various depths of water
applied are summarized in the second table. Total
dynamic head is the sum of the distance water is
lifted (pumping lift), friction losses in the pump sys-
tem, and the pressure head at the pump discharge.
An electric-powered pumping plant is assumed with
an overall efficiency of 70 percent and an irrigation
system that enables crops to use 75 percent of the
water pumped. The quantity of energy required is
expressed in kilowatt-hours per hectare (kWh/ha).

If a diesel-powered pumping plant were used with
an overall pumping plant efficiency of 19 percent,
about 1 liter of diesel fuel would be required for each
2.9 kWh (1 gallon/11 kWh) of electricity. With a
natural gas-powered pumping plant with an overall
efficiency of 15 pecent, about 28 cubic meters (1,000
cubic ft.) of natural gas would be required for each
63 kWh. (If the efficiency of fossil fuel electric
generating plants and losses in the transmission
lines are considered, overall efficiencies for the
various power sources would be more nearly alike.)
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Annual Energy Required for Pumping Water

Net depth of water applied!

Total
dynamic 100 mm 200 mm 400 mm 800 mm
head (4 in.) (8 in.) (16 in.) (32 in.)
m (ft) kilowatt-hours/hectare?3+
5 (16) 26 52 104 207
10 (33) 52 104 207 414
20 (66) 104 207 414 829
40 (131) 207 414 829 1,658
80 (262) 414 829 1,658 3.316
160 (525) 829 1,658 3.316 6,632
320 (1,050) 1,658 3,316 6,632 13,263

' Assuming an electric-powered pumping plant efficiency of 70 percent and an
irrigation efficiency of 75 percent (Net depth is 75 percent of that pumped).
2For the equivalent depth of water, the kilowatt-hours per acre is 0.4 of the
values shown (1 hectare = 2.471 acres).

'For diesel-powered pumping plants with a pumping plant efficiency of 19
percent, about 1 gallon of diesel fuel would be required for each 11 kWh of
electricity used for pumping.

‘For natural gas-powered pumping plants with a pumping plant efficiency of
15 percent, about 1,000 cubic feet of gas would be required for each 63 kWh
of electricity used for pumping.

For example, in the second table if the total
dynamic head is 80 m (262 ft.), which is fairly typical
of pump irrigation in some areas of the Great Plains,
and if water equivalent to a depth of 400 millimeters
(mm) (16 in.) is pumped, the energy required would
be 1,658 kWh/ha (671 kWh/acre). If a diesel-powered
pumping plant were used, about 570 liters (150
gallons) of fuel would be required, and 745 cubic
meters (26,300 cubic ft.) of natural gas would be
required for a natural gas-powered unit.

Currently, the lowest cost fuel is natural gas
where it can be obtained, but its price also is
expected to increase substantially in the future.

There is a direct relationship between the quantity
of water pumped and energy use and pumping costs.
Therefore, pumping costs can be reduced propor-
tionately to the reduction in irrigation water applied,
except where large demand charges are required for
electric motors.

The normal management objective is to reduce
the amount of water to near the net irrigation re-
quirement to avoid plant water stress and significant
reductions in crop yields. To accomplish this, an
irrigation system capable of high efficiencies (80 to
90 percent) must be used and the system managed
to achieve these high efficiencies. A system with a
high potential efficiency may, through poor manage-
ment, be operated at much lower efficiency.
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You can reduce pumping costs by cutting out
unnecessary irrigations. Many recent field experi-
ments show that one or more irrigations applied
after the soft dough stage on grain crops have little
or no effect on crop yield or quality. Yet many farm-
ers continue to apply this last irrigation because of
historic practices and the assumption that grain
may shrivel if the crop is not kept well watered until
harvest. Local and regional experimental data are
available as a guide to reducing the amount of water
applied near the end of the growing season or to
establish the optimum date of the last irrigation.

Similarly, recent studies on sugarbeets in Idaho
showed that after a thorough irrigation Aug. 1 on
a soil that contains at least 200 millimeters (mm)

(8 in.) of available soil water, there is essentially

no benefit to irrigating again until just before harvest
to make it easier to harvest the sugarbeet roots.

In extremely dry years, an additional light irrigation
about Sept. 1 may be needed to produce normal
yields of sugar. Yet, farmers frequently keep sugar-
beets well watered in August and early September,
producing excessive top growth.

If energy costs continue to rise, many farmers in
semiarid areas will switch from full to limited
irrigation. With limited irrigation, timing becomes
very important for maximum net benefit.

Soil moisture must be available at critical stages
of growth, such as the silking stage for corn and the
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flowering stage for most grain crops. In Kansas, one
irrigation applied just before the silking stage on
corn, the flowering stage on soybeans, or the
heading stage on small grains can bring the greatest
return per unit of water applied.

In Kansas the largest 3-year average corn yield
with a single irrigation was obtained when corn was
irrigated during the early silk emergence stage.
Irrigating at that time increased the yields by 2,820
to 2,950 kg/ha (45-47 bu/ac) over that not irrigated.

Grain sorghum, on the other hand, is not as
sensitive to the timing of a single irrigation.

Applying a single irrigation too late in the season
has little effect on yield. For example, corn irrigated
once late in the season at the blister stage pro-
duced the smallest increase over the nonirrigated
treatment.

Similar responses to limited irrigation on corn
and grain sorghum have been obtained in the High
Plains of Texas. Information on limited irrigation
is available through the Extension Service or county
agents in most irrigated areas of the Grain Plains.

Scientific irrigation scheduling is an effective
management tool to reduce water applications for
either full or limited irrigation. Computerized
scheduling and the use of soil moisture detection
devices can be very effective. Studies in the Benedict
area of Nebraska in 1975 showed the amount of
irrigation water typically pumped during an irrigation
season could be reduced 50 percent or more without
adversely affecting corn yields.

Near Crook, Colo., in 1977, irrigator Bill Condon
applied water with his center pivot sprinklers on
the basis of a computerized irrigation scheduling
program. His seasonal irrigation application averaged
530 mm (20.9 in.). Neighboring farmers applied
730 mm (28.7 in.) to similar soils.

Condon's corn yielded 11,300 kg/ha (180 bu/ac).
His peak yield of 15,190,kg/ha (242 bu/ac) was the
high for a test plot in Colorado that year. On the
neighboring farms, yields averaged near 9,415 kg/ha
(150 bu/ac). Scientific irrigation scheduling per-
mitted a 27 percent reduction in the energy require-
ment for pumping.

Another way to reduce irrigation water pumped
is to modify tillage and management practices so
as to reduce rainfall runoff from sloping fields. In
the Southern High Plains of Texas, for example,
furrow damming devices are being used to create
basins, thereby essentially eliminating runoff.

Energy consumption and costs can be cut by
improving the efficiency of pumping units. In some
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cases this can be done by adjustment or mainte-
nance, and in other cases by replacing pump compo-
nents. Many irrigation pumps are operating at 50
percent or less efficiency when attainable efficiency
is near 75 percent. Pump efficiency tests are often
provided without charge by utility companies and
sometimes by the Extension Service.

Pump maintenance or improvement may bring
substantial savings in both energy and energy costs.
However, additional capital improvement costs for
maintenance or replacement of the pump must be
considered.

The potential savings in energy can be estimated
with the following equation:

Potential percentage reduction in annual energy
use and costs = (1 - E¢/Ea)100 where Ee = the
existing pumping plant efficiency and Ea = the
attainable efficiency.

For example, if an electric-powered pump is
cperating at 50 percent efficiency and the attainable
efficiency is 70 percent, the potential percentage
reduction in energy use and cost will be:

Potential reduction = (1 - 50/70)100 = 29
percent.

Efficiency of electrical powered pumps is deter-
mined mainly by the pump, while efficiency of pumps
powered with natural gas or diesel engines is deter-
mined by both efficiency of the engine and efficiency
of the pump.




Farmer Acts, After considering the potential reduction in

Saves 27% energy costs, the irrigator can consider the prob-

Energy Use able return on his investment, if needed repairs or
replacement of pumping system components are
made. For example, one Colorado farmer had a
pump that was operating at a 47 percent plant
efficiency in 1976. During that year, he used
about 146,000 kWh. After he had the pump pulled
and repaired in 1977, he used 40,000 fewer kWh,
a reduction of 27 percent.

Recent studies show that 30 to 50 percent of
total energy expended in pumping water could be
saved through better water management and more
efficient deep well pumps, irrigation power plants,
and wells. Inefficient well screens, or improper
well development, cause the water level inside the
well casing to be significantly lower than that just
outside the well while pumping. These head losses
through well screens or gravel packs increase
pumping lift unnecessarily.

In Nebraska, performance standards have been
developed for well designed and maintained pump-
ing plants. These standards indicate the amount
of energy — electricity, diesel, propane, or natural
gas — required to pump water for a sprinkler or
a surface irrigation system.

The Nebraska studies show many irrigation
pumping plants operate significantly below poten-
tial performance standards. Adjustments alone
could increase their performance and reduce
energy use by about 13 percent.

Normally, when water is pumped from ground-
water sources, the lift involved cannt be changed
significantly, except where well efficiency can be
improved. However, when water is pumped from
rivers, there often are alternatives for reducing
pumping costs. On some projects, arrangements
can be made to divert water further upstream and
allow the water to flow to the irrigated area by
gravity, instead of pumping directly from the river.

When energy costs were extremely low, up-
stream diversion by gravity may not have been
economically feasible. This situation changed
as energy costs rose. Conversion to gravity diver-
sion may involve a major construction program, and
land acquisition or easements. Such conversions
cannot be done on a short-term basis.

Return Flow An indirect but effective way of reducing pumping lift
System Can and costs with furrow irrigation is to use a return
Be Effective flow or reuse system. A small reservoir captures

surface runoff. A pump-back system delivers this
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water to irrigate new land or to supplement the flow
of water from the well during the start of each
subsequent irrigation set.

Pumping lift from the surface reservoir is usu-
ally only a small fraction of that from ground water.
For example, if depth to the water table is about
30 m (100 ft.) and a surface reservoir lies from 3 to
5 m (10 to 15 ft.) below the upper end of the fields,
energy needed to reuse tailwater may be only 15 to
20 percent of that required to pump groundwater.

In Nebraska, reuse pits have increased irrigation
efficiency 15 percent. By adding a pit, some farmers
can reduce pumping costs 25 percent and cut by
about 20 percent the amount of time the deep wells
are operated.

In some river valleys, sprinklers are operated
using gravity pressure. Mountain streams are
diverted into pipelines if there is sufficient drop to
generate the pressure needed.

High pressure sprinkler irrigation systems can
be converted to low pressure systems to reduce total
dynamic head. However, merely renozzling a center
pivot sprinkler system to permit applying water at a
low pressure will not significantly reduce energy
consumed unless the existing pumping plant is
modified. Reducing pressure in the sprinkler system
by partially closing the pump discharge valve does
not reduce dynamic pumping head or energy re-
quired if the same amount of water is pumped.

When converting a center pivot system to a low
pressure system, the water application rate increases
because the same amount of water is usually applied
over a smaller area. The higher application rate, even
though for a shorter period of time, can result in
significant runoff on fine-textured soils that have low
infiltration rates. More water must be pumped to
achieve the same net application, which reduces the
benefits of lower pressure.

Contact your local Extension agent or a consult-
ing engineer to determine if your system can be con-
verted to lower pressure operation at a sufficient
savings in energy, or energy costs reduced without
changing pumps.

Another way to reduce pumping pressure is to con-
vert from sprinklers to a modern, well-designed sur-
face irrigation system. Such a system might include
a closed pipe or a concrete-lined open channel distri-
bution system, land leveling or smoothing, and a
runoff reuse system. Energy use and costs can often
be significantly cut in areas where efficient surface
irrigation systems are practicable.
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Many on-farm pipeline distribution systems were
designed when energy costs were very low. Size of
pipe was based on the pipe’s expected lifetime and
anticipated cost of pumping against friction losses in
the pipeline. If energy costs continue to escalate,
there may be opportunities to cut pumping costs by
reassessing friction losses in the farm distribution
system and possibly installing larger pipelines.

Drainage is essential in many humid areas, but
irrigation is also needed because of sandy droughty
soils. Instead of installing sprinklers, some farmers
in the Southeastern Coastal Plains States are putting
in subsurface drainage systems that also can be
used to irrigate low-lying lands. During short periods
with no rainfall, the outlet channel is checked to
maintain a water table in the root zone to avoid plant
stress and reduced yields. During extended drought
periods, the system is reversed and water is pumped
from a surface reservoir or a shallow well into the
drain lines for subirrigation.

Because of the energy requirement for sprin-
klers, at locations where water is available by gravity
flow there is interest in modernizing surface irriga-
tion technology and making surface irrigation more
efficient.

In Arizona, laser-controlled land levelers are being
used to level 4- to 8-ha (10- to 20-acre) basins to
within + 10 to 15 mm (0.5 in.). With carefully
managed water applications, very efficient irrigation
can be achieved, comparable to that with sprinklers.
No pumping energy is required as long as water can
be delivered from streams or surface reservoirs by
gravity.

In the Central Great Plains where irrigation
pumps are electrically powered, the cost per kilo-
watt-hour is determined by the peak.,demand that
occurs on electrical substations during one hour or
less sometime during the irrigation season.

Some utility companies routinely manage elec-
trical load by shutting off irrigation pumps as elec-
trical demand reaches specific levels. Savings in
costs to the utilities are passed on to cooperating
irrigators.

New studies are underway to combine irrigation
scheduling based on soil moisture level and load
management, so as to minimize possible effects on
crop yields. Reliable methods are being developed to
identify fields where soil moisture is adequate to pre-
vent crop yield reductions if pumps are shut down
for periods of several hours to several days.

Anything that can be done to improve or
increase irrigation efficiency will generally save



energy and reduce energy costs. Irrigation efficiency
is improved by more uniform application of water,
applying only that amount of water which can be
retained within the root zone, and reducing seepage
from unlined ditches, leakage from pipelines, and
surface runoff.

In the long run, energy conservation must in-
volve not only consideration of pumping energy, but
all inputs of energy into the system.

Conversion to a sprinkler or a trickle system
can, in some cases, reduce energy consumption and
energy costs by providing better control of water and
higher irrigation efficiencies. However, we need to
consider the intrinsic energy used to manufacture
and transport the aluminum, plastics, and other
components of such systems.

Justification for using energy-intensive materials
like aluminum is that aluminum often is manufac-
tured with off-peak power, developed with stored
water supplies that otherwise must be released to
make room for flood flows. Also, aluminum can be
recycled.

Alternative energy sources for irrigation pumping
are being evaluated. Windpower is promising either
to supplement energy input into wells powered elec-
trically or by diesel engines, or as a free-standing
power source for pumping water from return flow
pits or from shallow groundwater sources. Currently,
windpower assisted irrigation pumps are nearly
economically feasible in windy areas of the High
Plains of Texas, Oklahoma, and western Kansas.

Coal-fired steam powered irrigation pumping
plants for large projects were evaluated several years
ago and found not economical. However, if energy
costs continue to rise, such plants may become
economically feasible for some arid irrigated areas
near coal resources.
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A Family Checklist
To Conserve Energy

By M. J. Hogan, D. Goss, W. W. Olson, B. L. Yust

The decade of the Eighties marks the beginning of
an era of critical adjustments for many families.
Increases in consumer prices and energy shortages
are forcing families to make changes.

In general, families use energy directly for
transportation, home heating and cooling, water
heating, lighting, cooking and refrigerating
appliances, clothing care, grooming, and recreation.
In addition, energy is used for production and
delivery of the goods and services families use. As
the 20th Century winds down, we need thrift,
conservation, and sharing of resources.

Families make decisions that not only affect
their individual lifestyle but also the environment.
The family and the environment are linked. The more
energy we use from present nonrenewable sources,
the more problems we create for ourselves and
future generations.

Decisions families make such as where they live,
number of children, and lifestyle influence their
energy demands. Many of the following trends in the
U.S. population have implications for energy use.

The number of households is increasing about
twice as fast as the population because more people
are choosing to live alone. This means, for example,
more appliances to manufacture, more dwellings to
build and maintain, and more space to heat and cool.

Better health care and improved living habits
increase the lifespan. Since birth rates are
decreasing, this results in an older population.
Today about half the population is above 30 years of
age. The over 30’s tend to have more income and
spend it for energy-intensive goods and services.

As more women are increasingly employed
outside the home, they seek appliances, convenience
foods and easy care clothing to replace home pro-
duction of goods and services.

M. JANICE HOGAN is Associate Professor in the
Family Social Science Department, University of
Minnesota. Dorothy Goss is Associate Professor and
Extension Specialist. Wanda W. Olson is Associate
Professor and Extension Specialist. Becky L. Yust is
an Instructor.



Thermostat
Tensions

More people are choosing the suburbs as a place
to live. Rural areas are growing faster than urban
areas. The costs of travel to work, shopping and
recreation become larger budget items as people
leave the urban areas.

Sun Belt States of the South and West are
growing in population more than other parts of the
country. In these States, space cooling is a major
energy cost.

Increased flow into the household of material
goofs such as easy care fabrics, automatic washers
and dryers, power lawnmowers, convenience
foods, and automobiles has diminished the human
energy expended for household maintenance and
production.

As utility bills take a larger share of the family
income, decisions about changing the thermostat
may create tensions when family members choose
between economy and comfort.

In a family with several cars, more than one TV,
multiple bathrooms and a selection of stereo
equipment, sharing and compromise are a choice —
not a necessity. However, mass consumption
within the family requires a continuous supply of
resources, especially energy.

Operation of many of the small appliances may
not decrease human energy use much, but it is a
part of the daily choice pattern of our society.

Of course, not all families are alike in their
consumption. Some families live frugally, even
though they have enough income to do otherwise.
They take pride in their efficient use of resources.
On the other hand, some families live at a high
consumption level with the help of consumer credit
and always have needs or wants beyond their
income.

The following cases illustrate that families are
critical decision-makers and vary widely in how they
choose to use their energy resources.

Family A. This family is a retired couple in their
mid-sixties. They live in a 10-room single family
house built in 1973 with a central heating system.
It includes three bathrooms and four bedrooms —
plenty of room for their grandchildren to visit during
summers and vacations.

They own a travel trailer which they use in
Arizona during the winter. They have two refrigera-
tors, two ranges, three TV's (one is black and
white), six clocks, three coffee pots, six power tools,
three room air-conditioners, and four radios.

They use natural gas for space heating, clothes
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dryer, water heater, and dehumidifier. They use
gasoline for their lawnmower and two cars. They
have worked hard all their lives and enjoy the fruits
of their labor.

Family B. The family is headed by a farm couple
in their forties. Family income last year was about
$17,000. His father and mother spent their lives
building the farm enterprise; they live across the
road in the original homestead house. There are
three children, 16, 12, 10 — the oldest child is from
the wife's first marriage.

They live in a,three-bedroom wood frame house
which was built when they were married in 1966.

It is well built and has the following appliances:
automatically defrosting refrigerator, freezer, clothes
dryer, two TV sets, fry pan, toaster oven, dishwasher,
and power lawnmower. They have a car, recreational
vehicle, two snowmobiles, and a motor boat.

Mr. and Mrs. B are joint contributors to the farm
enterprise; they share the work and expect their
children to contribute their labor too. Mrs. B taught
school the first year of their marriage and has
considered seeking substitute teaching to supple-
ment their income. The money would be used
for a special holiday to the coast to visit friends
and relatives.

Family C. The family is headed by a 28-year-old
female. She has a 4-year-old child. They live in a
large older home with a finished basement and attic.
Natural gas is used as heating fuel. The house has
no storm windows and needs weatherstripping, but
the family head does not think she has skills or
money needed to install these items.

This family has the following appliances:
automatically defrosting refrigerator, range, micro-
wave oven, three room air-conditioners, washer,
electric clothes dryer, food freezer, and a dish-
washer. It also has a color TV.

The mother works full-time on an assembly line.
She commutes 18 miles to and from work. The child
is cared for by a neighbor during the week. The
family head feels she has too little time and too little
money to provide the livestyle she desires.

Each of the families has made decisions that
affect energy use, although they may be unaware of
energy and environmental cost when making
consumer decisions. New scientific breakthroughs
may give us increased supplies of energy resources,
but this alone will not solve the existing en-
vironmental problems. Families need to become
more aware of energy and the environmental impact
of their decisions.



Plan to Add
Wood Stove

Families can reduce energy use by careful
management. An example of one family’s experiences
may provide ideas that can be adapted by other
families.

The Browns began by adding insulation and
storm windows to their older homes. They purchased
and installed a device to adjust the thermostat in
a four-setting pattern: higher in mornings and
evenings when they are at home and lower in
daytime and at night. They close off two bedrooms
and a storage room during the heating season.

They plan to add a wood-burning stove since they
have wood available to cut. They reduced hot water
consumption by lowering the water heater setting
and changing bathing and laundering habits. They
replaced two window air-conditioners with fans.

Mr. Brown joined a carpool for commuting to
work and the family sold the second car to reduce
transportation costs. Now the family members plan
and coordinate trips since only one car is available.

Growth of electricity consumption is well-
documented. In 1970, the average U.S. home used
7,000 kWh, four times more electricity than in 1950.
This growth in electricity use came during a time
when the average number of people per household
showed a slight decline, and the number of
households and consumption per household
increased.

Average annual electricity consumption for
appliances reflects shifts to energy-intensive options.
For example, families are using more hot water, have
larger refrigerators, and many have installed air-
conditioning.

Since 1973, energy prices for gasoline, heating
oil, natural gas and electricity for household use
have risen faster than the overall cost of living. And,
energy prices will continue to spiral upward as long
as we depend upon a nonrenewable and exhaustible
fuel supply to meet our lifestyle patterns. As we
lower demand for fuel by adapting our lifestyle and
develop alternative sources of energy, prices
probably will begin to stabilize.

Surveys indicate that almost everyone favors
energy conservation, but not nearly as many practice
conservation. For example, in one study over 50
percent of the families polled turn down their
thermostats during the day, but only 15 percent turn
them down to 60 degrees at night. Seventy-six
percent of the people say they are willing to carpool
but 69 percent report driving alone in their cars
to work.
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Indirect energy — energy used for producing the
goods and services we buy — accounts for over half
the energy the average family consumes. About two-
thirds of upper income families’ energy is consumed
indirectly in comparision to about one-third of the
energy used indirectly by lower income families.

The higher the income, the more goods and
services the family purchases. Thus, the higher the
income, the greater the potential for reducing
indirect energy consumption.

The consumer is an important decision-maker
in our economy. About two-thirds of the goods and
services produced in our market economy are
ultimately consumed by families and individuals in
the household sector. The amount of resources
required is influenced by wants or goals.

The family links its members to a larger world.
Social organizations such as the educational
institutions, churches, and retail market groups all
write guidelines which influence public policy about
how the natural environment will be used. Major
changes require many unfamiliar decisions; these
decisions require information about products,
processes, regulations, and codes.

Family members exchange ideas, attitudes, skills
and competencies with others. Society depends upon
the family to teach its members conservation habits,
to transmit cultural values and goals, and to redefine
quality of life. So we need to understand the mutual
impact of consumer behavior on the social en-
vironment and the limits of the social environment
upon family decision-making.

Our high consumption society depends on large
amounts of energy for producing goods and deliver-
ing services. For example, energy is required for
manufacturing material goods such as refrigerators,
ranges, microwave ovens, trash compactors,
hamburger cookers, and stereo equipment. While
most small appliances do not need large amounts
of energy to operate, they require energy for
manufacturing.

Easy care fabrics, convenience foods and
throwaway goods such as paper towels, plastic cups
and disposable diapers have diminished the amount
of household labor required; yet they require other
energy for production.

Families may make different choices in housing,
cars, vacations, gifts, food and clothing when they
evaluate the energy costs of various options.

For example, the choice of appliances needs to be
made on life-cycle costs, not just the store price tag.
An energy-efficient refrigerator may cost more



initially, but over the life of the appliance the utility
bills will likely more than offset the difference
in price.

Many things are linked to water heating costs:
standards of cleanliness, frequency and size of
showers, baths, and choice of color for clothing.

When a family decides to conserve energy, it can
explore many avenues of savings, considering both
direct and indirect uses of energy. The following lists
provides some examples:

Transportation
Direct Energy Indirect Energy
Number & length of trips, Need for one or more cars
including vacations
Type of transportation Need for recreational
i.e., public vs. private, vehicle
air vs. rail
Sharing of private Cost of manufacture of
transportation vehicle
Efficiency as Lifespan of vehicle
miles/per gallon

Housing
Temperature of space Type of dwelling, i.e.,
single vs. multiple
Type of heating fuel Size of home
Size of home/number of Type of fuel &
residences equipment
Number & location of Furnishings
windows and doors
Insulation, caulking, Number of bathrooms &
storm windows kitchen facilities
Household Activities
Direct Energy Indirect Energy
Practices related to Number of appliances
cooking & refrigerating
Appliance efficiency Amount of home production
Cleanliness standards Amount and type of
for clothing and person household goods purchased
Water heater efficiency Degree of processing
& packaging

Convenience features of
appliances

Size of appliances vs. use
of capacity

Gifts & family rituals
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The family can play a critical role in reducing
the demand for energy by assessing its decisions.
Opportunities to improve energy efficiency in our
homes include insulating walls, ceilings and floors,
adding storm windows, caulking and sealing to
reduce air leakage, and adjusting shades and
draperies.

We can reduce the amount of heated water we
use. We can support and/or use mass transit and
carpooling and reduce the miles traveled by the
family car(s). We can organize, join and participate in
community organizations to educate consumers and
provide alternate energy-conserving systems. For
example, we can promote bicycle paths and special
privileges for carpools.

The family plays an important role in shaping
the values and attitudes of its members. Through
everyday experience, members learn practices that
relate to more efficient resource use. Parents teach
children and children teach parents a wide range of
values and attitudes. Conflict may arise as family
members have different wants for human support
and/or compete for limited resources.

Together the family can discuss the issues of
needs and wants. Answers to our problems will not
be found by returning to the family of the past,
where there was great reliance on the labor of
all family members. Instead, our environmental
problems will be solved by a new design that
restructures our manufacturing system to maximize
the desirable output of each consumer purchase.

We must also work for re-emergence of the
values of conservation, sharing, and concern for the
environment and other people. The way in which we
experience and interpret the world will underlie our
consumer choice and form patterns upon the earth.

In summary, we have the responsibility of
making decisions which will reduce our energy
consumption. By so doing, we have the opportunity
to improve our quality of life.



Fifty Ways to Save
Your Energy Dollars

By Mary E. Purchase

Many reasons are apparent for wanting to reduce the
amount of energy used and the money spent for
energy. These include

® the desire to conserve natural resources

¢ the wish to be independent of foreign suppliers

® the need to save money

Whatever the reason for decreasing energy
consumption, there are many ways in which savings
can be made.

First, you need to develop an attitude of con-
servation. You must want to save before much
effort will be devoted to changing habits or seeking
ways to use less energy. Management decisions
should relate to the goals of conserving energy or
reducing energy costs.

Much has been written about changing lifestyles.
To some people, changing lifestyle to conserve
energy means a reduction in the level of living. For
them, conservation is interpreted as doing without.
To others, it means finding ways to do things
differently, more efficiently, but it does not neces-
sarily mean making great sacrfices in their level
of living.

Lifestyle of the family is potentially the most
important means to conservation

Women'’s liberation from the drudgery of
housework has gone hand in hand with the in-
creased availability and increased consumption of
energy in the home. Few people would elect to return
to the time-consuming, hard, physical work of
housekeeping. Instead, what is desired are the
benefits of energy use, without waste.

Conserving energy can be made into a game to
challenge all members of the family. Positive aspects
of conservation can be emphasized. Feelings of
success then will be associated with reduction in
energy use, and the negative aspects of conservation
can be minimized.

The Consumer Price Index (see first illustration)
provides an easy means of showing changes in

MARY E. PURCHASE is a Professor in the Department
of Design and Environmental Analysis, New York State
College of Human Ecology, Cornell University.
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prices that consumers pay. Note the rapid rise in the
index, especially during the later part of the 1970’s.
The Consumer Price Index is influenced by and
reflects the cost of energy.

The price per unit of several sources of energy is
also given in the illustration. Note that the prices of
energy were relatively stable during the 1960’s.
However, during the 1970’s energy costs escalated
much faster than costs in general.

If saving dollars is a goal for the household,
conserving energy provides an effective means of
achieving the goal. To the extent that market price is
a signal to consumers, the rapid increases in the
price of energy should indicate the growing
importance of conserving energy.

On looking for ways to save energy, focus first
on relatively large uses of energy. The pie chart
illustration shows the division of the total energy
used directly by consumers into categories.

Transportation accounts for nearly half the
direct consumption of energy by individuals and
families. The rapid increase in the cost of gasoline
and the large percent of energy used for trans-
portation are good reasons for the emphasis on con-
servation through selection and use of automobiles.

Space heating accounts for the next largest slice
of the energy pie. Althcugh needs for space heating
vary considerably from one part of the country to
another, areas that have the least need for heating

Prices of all
goods and serv-
ices are rising,
but energy
prices are in-
creasing much
more rapidly
than prices in
general. Petrol-
eum products,
especially gaso-
line, show the
steepest climb.
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Transportation

may have much higher than average needs for air-
conditioning.

Heating water for bathing, clothes washing,
dishwashing, and other purposes almost equals the
total energy required for food preparation, food
preservation, lighting, and home entertainment.

Nearly all the energy for transportation comes from
petroleum, an increasingly scarce resource. Because
nearly half of our oil is imported, its availability and
price are determined in large part by others. Drastic
efforts to reduce the use of petroleum products

will decrease our dependence on foreign countries
and help to control the cost of energy.

Transportation needs and alternatives differ
greatly for urban, suburban, and rural dwellers. Mass
transit is likely to be available in urban areas. For
some suburbs, limited public transportation may
be a possibility. In other suburban or sparcely
populated areas, the automobile is the dominant
form of conveyance.

Private means of transportation are depended on
heavily in rural areas. No matter what alternatives
are available, a very large fraction of the trans-
portation energy is used by private autos.

Shifting to a smaller, lighter car with improved
gas mileage will reduce the energy consumed and
the cost of operation. Furthermore, controlling
the number of miles that each car is driven will
contribute to conservation. Carpooling, combining

Private trans-
portation
accounts for
nearly half of
the energy con-
sumed directly
by individuals
and families.
Space heating
consumes
another major
portion. Indi-
vidual appli-
ances and
lighting use
small amounts
in comparison.

326-621 0 - 80 -

Private
Transportation
47%

TV, AC,

all other
appliances

lighting

10%

Water
heating
8%

Space
heating
35%
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Home Heating
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trips, and use of public transportation are ways
to reduce driving.

Perhaps a manager of transportation should be
designated in each family. The manager could be
aware of all the travel needs of the individual family
members, and could plan use of the family car or
suggest other means of meeting the transportation
requirements.

Energy costs for space heating can be cut by shifting
to less expensive energy and/or reducing heat losses.
If orientation of the house and location of the
windows are suitable, the sun can be used to provide

some of the energy for space heating. Where wood
for fuel is available at low cost, its use to heat the
house will help in cutting costs. For some situations,
heat pumps or solar-assisted heat pumps will help
control energy costs.

House design can contribute to energy saving.
Houses with less outside surface require less energy
for heating. That is, small houses rather than large
ones, two-story houses rather than ranch style, and
row houses or apartments rather than individual
houses have lower heat losses because they have
less outside surface through which heat is lost.

Landscaping can be planned to assist in reduc-
ing energy costs. Trees that act as a windbreak,
and shrubbery near the house, help reduce heat
losses.

Heat losses can also be reduced through
insulation. The greatest savings are achieved by
insulating the ceiling. Smaller benefits result
from adding insulation to the walls and floor.
Effectiveness of insulation is indicated by the
R-value for the material, with higher numbers
representing more effective insulation.

The value of insulation in reducing energy
required can be calculated. An Extension agent, a
representative of a utility company, or a building/
insulating contractor can help estimate savings from
the use of insulation in relation to its cost.

Control of air infiltration can reduce heat losses.
Caulking around doors and windows is effective in
stopping air leaks. Double glazing and storm doors
and windows add another barrier to the passage of
air and also reduce heat loss by conduction.

Close draperies or pull shades at night during
the heating season, to reduce heat loss. During the
day, open the ones on which the sun shines, to take
advantage of solar energy. Operate exhaust fans as
little as possible to avoid loss of warm air and
excessive infiltration of cold air.
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When you lower
the thermostat
in cold weather,
bundle up.

Air-
conditioning

Lowering the thermostat during the heating
season reduces the difference in temperature
between the inside of the house and outdoors. When
the indoor temperature is decreased, less heat is lost
by conduction through the house walls and ceiling.

However, when the indoor temperature is
reduced, you may need to change your manner of
dressing. Sweaters, more layers of clothing, warmer
clothing, heavy socks, warm shoes or slippers, and
even a hat for indoors will contribute to comfort. Use
of a lap robe or something similar will assist in
conserving body heat.

To save on energy for air-conditioning, set the
thermostat higher. Turn off the air-conditioner if no
one will be at home. Use a timer if you wish to turn
on the air-conditioner and cool the house before
family members return at the end of the day.

For economy and comfort, cooling capacity of the
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