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FOREWORD

In recent years all of us have become increasingly
concerned about the energy situation and its important role
in our lives. For years our growing standard of living has
required more and more energy. Experts now tell us that
unless some immediate eteps are taken we will not be able
to provide for the energy needs of our people in the future.

0il and natural gas supplies may last another thirty
years. Our most abundani energy source, coal, could be
sufficient for two hundred years. New research and tech-
nology can alleviate part of the problem but an immediate
source of relief can be the reduction of energy use. An
effective energy conservation program can result in sub-
stantial savings in energy consumption and extend the
lengevity of energy supplies.

This energy publication has been developed to in-
erease awareness and understanding of the energy situation
and hopefully to encourage each individual to become an
energy conservationist. The material has been designed
with an interdisciplinary approach and an attempt has been
made to provide a flexible document which may be altered
to fit your local needs.

As you know, our State has long been recognized as
a national center for energy development and production.
From the early history of the Tennessee Valley Authority
to the Energy Research and Development Administration (ERDA)
at Oak Ridge, we have been heavily involved in this impor-
tant task. We hope that our State may continue to be a
lecier in the energy field by implementing a success fu.
energy conservation program.

I hope that you will find this publication useful
in your alassrooms as a resource for deweloping a local
eneérgy coriservation program.

~=--SAM H. INGRAM
Commissioner of Education
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World Energy Needs Through the Nineteenth Century

Energy is defined as that commodity which gives men the capability to do
work. Early man acquired the metabolic energy necessary to survive by
gathering and eating plants. Later, he used his energy to hunt small ani-
mals. Because meat contains more concentrated protein than plants, the
time spent eating was reduced by two-thirds, leaving time to stalk large
animals. Such activity, of course, required Creater social interaction an
greater communication efforts. One result was that, about 400,000 years
ago, man discovered how to use fire. Man's new energy source provided him
with heat, 1ight, protection, and increased variety in his diet. More
importantly, however, he learned to use fire to extract metals from their
ores and forge tools.

At the same time that man first began to use copper (10,000 BC), he bega
to farm. The harnessing of energy for agricultural purposes made possible
the development of stationary rather than nomadic communities. Up to this
point, man relied upon the sun for energy. Not only did the sun directly
warm his body, but it was indirectly responsible for the production of his
food and fuel (wood). Although he was able to use fire to extract metal
from ores, his total energy requirement was low. The Egyptians, Greeks,
and Romans brought about significant changes in energy by developing
waterwheels and mills. It is known that vertical waterwheels were being
used even earlier. Although its benefits were understood, water power was
not taken advantage of during the early years of the Roman Empire because
it was thought that individuals' jobs would be replaced by machines. But
a= the Empire declined, muscle power was replaced by water power; it was
pven necessary to ration water to the mills in order to assure everyone an
adequate supply. While the Pomans had aqueducts to regulate their water
supply, most civilizations depended upon the seasonally changing natural
flow of rivers for their water power.

Very little energy technology development took place between the Fall of
the Roman Empire and the end of the seventeenth century. Some energy-
harnessing tools were invented and used; for example, by 1066 there were,
according to the Domesday book, 5,000 waterwheels in England. Windmills,
appearing first in Persia during the seventh century, did not appear in
Europe until the twelfth century but were a common sight 100 years later.
Both waterwheels and windmills relieved man from physical labor and pro-
vided goods which aided the growth of towns and commerce. Also, during the
ninth and tenth centuries, the horse was utilized more efficiently in
Europe: the horse coilar, the tandem harness, and the iron horseshoe were
introduced. The pulling power of the horse, because of these aids, was
three to four times greater than it was during Greek and Roman times. But
although few technological developments took place, a significant change
in energy did occur; in Europe coal became more and more important as a
fuel during the sixteenth and seventeenth centuries because wood, which had
been the main source of fuel used by the pyrotechnical trades (soap and
glassmaking, the metallurgy), had become more and more scarce. Civiliza-
tion was switching from renewable (replaceable) energy resources to non-
renewable (irreplaceable) resources.
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The greater demand for coal meant more coal mines. It also meant deeper
mines from which drainage of water became more and more difficult. During
the sixteenth and seventeenth centuries waterwheels and windmills had been
used to drain mines, but they were not reliable and depended upon a suit-
able location. A more efficient device was needed. The result was the
steam engine. In 1698 Thomas Savery constructed a steam pump, what he
called a "fire engine," for mine use. A short time later, Thomas Newcomzn
developed an atmespheric steam engine, the first engine to convert heat
energy into mechanical energy on a large scale. His engine could raise
50 gallons of water per minute from a 156-foot depth. Later improvements
were made by James Watt, who increased the engine's efficiency and adapted
it to give rotary mechanical motion, necessary in eighteenth century tex-
tile milis.

Increased coal production also meant increased iron production. The
mid-eighteenth century marked the beginning of a mechanized civilization
increasingly dependent on nonrenewable recources (1775 is usually given
as the beginning date of the Industrial Revolution). 1In 1776, Matthew
Boulton began his partnership with Watt to build a new steam engine. When
James Boswell came to visit Boulton's Soho Foundry in that year, Boulton
said to him proudly, "I sell here, sir, what all the world desires to
have--power." Power--the product of harnessing energy sources--became a
new and important aspect of civilization. |

Watt, around 1776, developed his steam engine without much technological
knowledge as to how the engine actually worked. During the first half of
the nineteenth century James P. Joule, Sadi Carnot, and Rudolf Clausius
formulated the laws that define the relationships among energy, work, and
heat. These laws are known as the Laws of Thermodynamics and can be sum-
marized as follows:

1. Energy and matter can be neither created nor destrbyed. |

2. The energy of the universe is constant, but the energy of the
universe increases toward a maximum. (Entropy is a measure of
the unavailable energy in a thermodyramic system).

The importance of these laws cannot be overstated. Their formulation
meant that energy could be understood theoretically for the first time.

After 1850, the theory of thermodynamics provided the theoretical basis
for the improvement of the steam engine as well as the basis for the de-
velopment of other heat engines. The science of thermodynamics was app]iecﬁ
in other ways; for example, Beau de Rochas in 1862 formulated a theoretical
cycle of operations that would give an efficient internal combustion
engine. In 1883 Dainler introduced his petrol engine, and by 1885
Priestman had developed a heavy 0il engine.

Man's increased control over energy in the early nineteenth century
resulted in the switch from individually produced items to mass production
. i
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of both goods and machinery. The precision of engineering and the speed
of machines were improved at this time. While the energy developments
were taking place, the population of Europe increased to 200 million
people. Energy support of this population was not possible through domes -
tic means alone; animals, grains, and other food stuffs had to be imported.
Heretofore, the energy supply had been sufficient to feed all Europeans
and their work animals and at times sufficient to supply a surplus for ex-
port. Thus, while one sees in this period a vast increase in power and
energy knowledge, one also sees in Europe the beginning of a dependence on
other parts of the world for basic energy resources.

American Energy Perspectives: 1800-1974

Wood, water, and wind were the major inanimate sources of energy in the
United States for most of the nineteenth century. Wood, a source of energy
(power) and heat, was important to both home and industry and was the prin-
cipal fuel used by railroads until about 1870. Unfortunately, most wood
used during the nineteenth century was not consumed in stoves, but in
open fireplaces--an extravagant and inefficient use of an abundant
resource.

As wood became more expensive and less readily available, coal began to
replace it for home heating and industrial steam generation. By the middle
of the nineteenth century, half a ton of coal could replace two tons of
wood at half the cost. In 1885, approximately equal amounts of energy were
obtained by Americans from wood and coal.

Early coal mines in America were generally small operations. Due to
their tremendous neea for fuel, the nireteenth century railroad companies
purchased large tracts of coal banks. The wholesale price of scit coal
increased from $.90/ton in 1890 to $4.88/ton by 1949.

Eventually, efficient and cheap lubricants and illuminants were needed
to replace scarce, expensive animal (especially whale) oils. The Pennsyl-
vania Rock 0i1 Company found the answer when it struck oil in 1859 near
Titusville, Pennsylvania. Early American oil wells were extremely wasteful;
because oilmen did not understand geology, uncontrollable gushers often
wasted oil at a rate of 3,000 barreis a day. By 1869, 4,215,000 barrels of
0il (the equivalent in energy content to approximately one million tons of
coal) were being produced annually in the U.S.

Another energy source, natural gas, was known to the earliest colonial
settlers, who encountered it in swamps and when drilling water and salt

S

wells. But until the 1870's and 1880's, gas was generally considered a

nuisance--a waste product. Wood and coal provided necessary heat and kero-
sene was used for lighting. In 1878, a large gas well was discovered near
Murrysville, Pennsylvania, and in 1883 a pipeline running from this well to
Pittsburgh was opened. In 1884, serious searches for natural gas resulted
in the discovery of large gas reservoirs which were soon tapped in order to
supply local industrial plants with cheap fuel.
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Even though large reservnirs of natural gas were found during the latter
part of the nineteenth century, natural gas could not be used extensivel:
because an adequate way to transport it had not been developed. Efficiznt,
long-distance gas transportation was not perfected until the mid-1930's
when seamless, pressurizad steel pipes were first manufactured.

Along with the new energy sources came many new energy technologies. For
exampie, in 1879 the electric light was invented; in 1882 the world's first
electrical power and generating distribution system was built in New York;
in 1882 the first hydroelectric power facility began generating on the Fox
River in Appleton, Wisconsin; and in 1896 the plant at Niagara was in opera
tion.

New technologies and discoveries of new energy sources resulted in a re-
distribution of the traditional sources and uses. The work derived from
animals exceeded that obtained from all inanimate sources of energy until
well into the second half of the nineteenth century. In 1870, the work
I output of inanimate energy sources was about equal to that of animals. By

1900, the work output derived from inanimate energy sources was more than
three iisies greater than that derived from animals. During the early twen-
tieth century, the amount of wood used was still substantial, but wood
contributed little to the total energy pool. From 1900 to World War II,
wood was primarily used for residential heating and cooking.

From 1885 until World War I, coal was the dominant U.S. source of fuel
energy. In 1914, the strip-mining technique was introduced to coal mining
and became an important mining method in the Midwest which contributed to
the wide use of coal as a fuel. Before World War I, six times as much
energy was produced by coal as by petroleum; this was reduced to three
times as much by 1925, and in five years (1930), the ratio had dropped to
approximately two to one.

Petroleum became an increasingly important energy source in the pre-World
War II period, as did ratural gas. The U.S. demand for fossil fuels--conal,
petroleum, and natural gas--became so great that by 1955 the U.S. was a net
importer of fossil fuels: in that year, 2.1 percent of all fossil fuels
consumed in the U.S. were imported.

In 1900, hydroelectric power accounted for 57 percent of all electricity
generated, but by 1950 accounted for only one-third. On the other hand,
total electricity generation increased steadily until the end of World War
I when it began to accelerate rapidly. Exciuding World War II, the annual
per capita growth rate of electricity has been seven to nine percent since
the mid-1930's.

During Wor.d War II, progress was made in harnessing nuclear energy. A
nuclear chain reaction was first demonstvated in 1942; the first atomic

bomb was explodad in a test in 1945; and in 1951 electricity was first gen-
erated from atomic_energy. Nuclear energy now provides about one percent o
our electricity. Figure 1 summarizes the amounts of fuels used in the U.S.

since 1850.
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By 1960 oil and gas together accounted for approximately 70 percent of
U.S. aggregate fuel demand and electricity production consumed 20.5 per-
cent. The chart on the following page shows that 94 percent of all energy
resources consumed in 1974 were fossil fuels (resources that cannot be re-
placed because they were heated and pressurized in the earth over millions
of years as fossilized vegetation). Furthermore, in 1974 th2 U.S. was im-
porting 35 percent of its oil. We had succumbed to the enticements of
cheap, foreign 0il, without realizing the high interest rate we were paying
in the form of lost energy independence. Our true position became clear in
1973 when_the international oil crisis created an unprecedented problem for
both developed and undeveloped countries. On October 6, 1973, the Arab-
Israeli ("Yom Kippur") war broke out; on October 17, 1973, the Arab oil
ministers decided to use their 0il as a weapon to support the anti-Israeli
Arab cause; and on October 19, 1973, King Faisal decided to impose an oil
embargo when he learned that the U.S. government planned to send military
aid to Israel. The U.S. “"shert-fall" was nearly five million barrels of
0il per day. The effect of the embargo was not immediately felt in the U.S
because 0il tankers at sea were allowed to make final o0il deliveries. But
by January and February of 1974--the worst months of the American "gas
shortage"--American consumers were painfully aware that many goods and serv]
ices were dependent upon petroleum for transportation. By the end of
February, 1974, the cost of gasoline and motor oil in the U.S. was 31 per-
cent above the February 1973 level, and the cost of fuel 0il had risen 59
percent.

Electricity bills as well as gasoline prices rose during the embargo.
Since electricity is generated by burning either coal or 0il, the rise in
oil prices meant coal prices also rose. Food prices also rose due to oil-
related cost hikes in the cost of fertilizers, the cost of food preparation,
and the cost of transportation. American manufacturers and farmers in-
creased the prices of their goods in order to maintain their profit margin,
so wholesalers and retailers subsequently increased their prices.

Not only did the embargo raise American fuel prices, it caused public
alarm not unlike that associated with the Great Depression of the 1930's.
The gasoline shortage in 1973 forced approximately 11,000 gasoline station
owners out of business, caused General Motors' production to temporarily
drop approximately 80 percent, and induced people to seek smaller, more
energy-efficient automobiles. American motorists had to endure waiting in
line at service stations. Often, the gas allotments at service stations
were depleted before the end of the day. Decreased use of automobiles af-
fegted other sections of the economy--especially recreation, restaurants,
and motels.

Consumers who heated their homes with o0il also experienced a crisis dur ng
the winter of 1973, Not only did the cost of 01! triple (from $2-3 to $6-$9
within a few short months, but availability became a question of great con-
cern. Many consumers experienced difficulty in having 0il d2livered or were
able to get only partial delivery on orders. Daspite skyrocketing electric
rates, many homeowners began switching to more devendasle electric heating.
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The United States was not the only country to suffer during the crisis;
other industrialized nations such as Britain, France, and Italy recorded
massive deficits in their balance of payments. While the embargo meant A
a cutback of about 18 percent of all energy for the U.S., it was five times}
as great as this for others who had 1ittle domestic oil production to begin}j
with. Japan, for instance, was brought to the verge of economic collapse
by resulting inflation. (See Figure 2 for comparative figures.)

The Organization of Petroleum Exporting Countries (OPEC, established in
1960) had 12 members in 1973--Venezuela, Iran, Saudi Arabia, Iraq, Libya,
Indonesia, Nigeria, Kuwait, .‘bu Dhaki, Qatar, Algeria, and Equador. Their

i total petroleum output represented 60 percent of all petroleum produced in
1973. The OPEC members took advantage of the Arab embargo by raising and
controlling the price of exported oil. On May 17, 1974, OPEC ended the
embargo, and OPEC members negotiated agreements with foreign 0il companies
that gave the members controlling shares in ownership of the 0il fields in
their respective countries. Today, although the embargo has ended, the

) cost of petroleum is still increasing and remains at a level far above
pre-1973 prices. This new high price of energy requires chanaing patterns
of energy use in both higher efficiency and energy conservation.

The 1973-1974 international 0il crisis showed this country that it has
a serious energy problem. Clearly, we must develop long-lived and renew-
able resources if we do not wish to run out of energy. Of course, such
resources cannot be developed overnight. For example, only one percent of
this nation's energy needs are provided by nuclear power although research
has been going on for over 30 years. Althcugh rates of change are in-
creasing, it typically takes 25 years to develop and introduce new tech-
nologies; it often takes twice as long for soc*al attitudes and change to
occur in a population.

The U.S. Energy Prohiem

The 0il crisis did not create the U.S. energy problem--it merely hastened
U.S. awareness of a situation that had already existed for many years and
was steadily worsening. The U.S. depends heavily on dwindling fossil
fuels; furthermore, it depends most heavily on the least abundant fossil

§ fuels--gas and oil--for about 75 percent of all its energy.

In the twentieth century, as the U.S. energy demand grew, the U.S. energy
supply did not keep pace, as shown in the following examples. Coal pro-
duction peaked in 1947. Crude o0il exploration declined until 1971, but

d picked up considerably in 1974; still, new discoveries are not keeping pace
| with consumption. Since 1968, natural gas consumption has outpaced the
d discovery of new supplies, but reserves are dropping and production has
begun to decline. At the same time, our energy consumption has been in-
| creasing by about four percent a year--we imported 35 percent of our 0il
in 1973 and between 40 and 45 percent in 1976.

Another more specific cause of the current energy problem is the gap _
between consumption and production for major fuels, as shown in Figure 3. |
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FIGURE 2. ENERGY USE PER CAPITA, U.S. AND THE WORLD, 1950-1968.
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24



r - .
In general, this was because, from the end of World War II until 1970-1972,
the "real" price of energy (corrected for inflation) steadily fell. Low
prices encouraged steadily less efficiunt use of energy. More specifi-

cally, Exploring Energy Choices, a publication by the Energy Policy Projec
of the Ford Foundation, listed seven reasons to account for this gap:

a. Rate structures for natural gas and electricity promoted more
consumption by offering large-volume users a significantly lower
price per Btu than small users.

b. Promotional advertising encouraged the use of energy-consuming
goods such as autos, air conditioners, home appliances, electric
heating systems, color televisions, and petrochemical products.

e. Construction of the interstate highway system with the
billions of dollars from the Highway Trust Fund brought a
rapid increase in inter-city high-speed auto travel.

d. Subsidies to truck and air transportation encouraged a
shift in freight away from rail transport. Public expenditures
for road and airport construction plus military development of
atreraft later used for freight and passenger travel were among
these subsidies.

e. Passenger air fares dropped in comparison with bus and rail
fares, and stimulated air traffic. While air fares increased
8 percent between 1950 and 1970, bus and rail fares increased
90 percent and 47 percent respectively.

f. Imvestment tax incentives and steadily rising wage rates
encouraged industry to expand with energy-intensive capital
equipment.

g. The growth in suburbia, encouraged by federal income tax
breaks and federally guaranteed loans for homeowners, has
resulted in the soaring use of gasoline for commuting and other
energy for the. single-family homes that were built.

Exploring Energy Choices a'so listed seven ways in which federal govern-
ment policies curbed growth in domestic energy production:

a. The foreign tax credit, which permits oil companies to
subtract the payments to host governments from their U.S.
income taxes, became a greater incentive to oil production
abroad--rather than at home--during the 1950's and 1960's.
Ironically, while the import quota system was trying to boost
domestic oil production, the foreign tax credit was effectively
stimulating oil production abreoad by U.S. oil companies.
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b. FPC regulation of natural gas prices and reductions in
the oil and gas depletion allowances in 1969 from 27% percent
to 22 percent were also viewed by industry and others as a
deterrent to development.

c. Price controls tmposed in 1971 on fuels (as well as on
other goods and services) distorted normal marketplace actions
to balance supply and demand.

d. Offshore oil and gas lease sales were virtually halted
after 1969 for a year-and-a-half.

e. - Implementation of the Coal Mine Health and Safety Act
of 1969 resulted in lower productivity in wunderground
coal mines.

f. The National Enviromment Policy Act of 1969, requiring
detailed envirommental impact assessments of major federal
projects, caused delays in the Trans-Alaska Pipeline, off-
shore lease sales, and nuclear power plants, while govern-
ment agencies learned to comply adequately with its requirements.

g. The Clean Air Act of 1970 caused industrial and power
plant operators to turn away from coal to natural gas and

oil to meet the sulfur oxide standards as well as automobile
manufacturers to build cars with reduced fuel economy to meet
emission requirements.

0f course, these production inhibitors must also be viewed in terms of

their positive environmental impacts. If energy costs had been considered

as a line item in the national budget, effective policies might have been
able to handie both the environmental and energy problems without the ac-
companying economic crises. In some respects the energy situation has
worsened while in other respects it has improved. Forecasting future sup-
plies and consumption is difficult, but one thing is certain: unless the
nation weighs the impacts of alternate policy assumptions, it cannot
balance economic, environmental, and social objectives. This goal cannot
be accomplished without both government and citizens regarding energy as a
top priority.

Several alternate energy strategies can be considered for the U.S.:

Conduct business as usual.

Achieve U.S. energy independence by 1985.

Develop "successor sources" to replace oil and

gas over the next several years.

Develop a nonfossil fuel energy economy.

Increase efficiency of energy generation and use.
Change from a "disposable" to a "durable" society.

* ee oo

[= 04, I W N~

"Strategy 1" may be eliminated for five reasons: (1) energy prices have '

increased; (2) energy demand has s]owed somewhat due to a 1ower popu]at1on .
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growth rate; (3) there is a national need to lessen our dependence on
energy imports; (4) domestic oil and natural gas supplies are dwindling;
and (5) world oil and natural gas resources will decline within a decade.

"Strategy 2" (energy indupendence by 1985) would require that we make
changes so fast that we would have to waste resources; for example, re-
cently manufactured cars would have to be discarded for new norn-petroleum-
using cars. Interdependence between the U.S. and other countries is a
natural part of our lives, but we must not become overly dependent.

"Strategy 3" (developing successor resources to replace oil and gas; is
reasonable since, over the next several decades, coal, nuclear (fission),
geothermal, and other energy resources can be developad to replace oil and
gas. Of course, these developments present technical challenges, and time
and capital will be required. At the present time, "Strategy 3" is receiv
ing the overwhelming attention and commitment of government and industry.

"Strategy 4" is similar to "Strategy 3." Both require a commitment by
governmental and private sectors. But "Strategy 4" (developing a non-
fossil fuel energy economy) forecloses the use of coal because it pollutes
and the use of oil and natural gas because they are rapidly dwindling.
This strategy emphasizes the development of fission and fusion as well as
solar energy resources. A long lead time is needed for this strategy.

"Strategy 5" (increasing efficiency) can "trim the fat" off current
energy generation and uses over the short run, while saving money. Over
the long run, efficiency can be increased by perhaps 50 percent, saving
even more money and fuel.

"Strategy 6" concentrates on tne overall patterns of energy use rather
than the specific methods. It suggests that the disposable, high-energy
American society can change to a more durable, less energy-intensive
society. Some changes in behavior would have to come about under this
strategy, possibly requiring rationing or taxing of resources in order to
lower the rate of consumption of materials and energy.

While the technologists implement "Strategies 3, 4, and 5" through
research and development, citizens can implement "Strategies 5 and 6"--bot
of which depend upon wise use of energy. Conservation is the only viable
solution for the immediate future. In the long run, conservation methods
can enable our society to maintain its standard of living with about half
its present energy use.
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Renewable and Nonrenewable Energy Resources

A11 energy resources belong to one of two groups--renewable or nonrenew-
able resources. Nondepletable energy resources are rcnewable; for example,
the sun is a renewable resource, as is water. In 1974, only six percent
of all energy resources consumed were renewable.

Depletable energy resources are nonrenewable. Fossil fuels--coal, cil,
and gas--are nonrenewable because they were produced over millions of years
by vegetation under pressure in the earth's crust and heated by the sun.
Uranium, another important energy resource, is also renewable. In 1974,

94 percent of all energy resources consumed were nonrenewable; in other
words, America's high-energy society is based upon a finite, dwindling
supply of energy.

Nonvenewab le Resources

Coal. Coal is the only nonrenewable energy resource which still exists
in any abundance. Proved U.S. reserves are estimated to be 400 billion
tons; possible resources are estimated as high as 3200 billion tons. This
adds up to as much as 200 years' supply of coal at the current energy use
rate. In 1974, we consumed 558 million tons of coal and exported 60 mil-

Tion tons.

Coal is most often used to convert water to electricity or to make steam
for industry, but more and more it is being converted directly to gas or
0i1 which reduces the number of years coal will last. Coal's greatest
disadvantage is that it creates many environmental problems. Because it
is a "dirty" fuel, it causes air pollution (the higher the sulphur content,
the more pollution; western coal has less sulphur, but more ash, than
eastern coal). Strip-mining--the easiest and least dangerous method of
coal mining--causes erosion and leaches wastes into streams and watersheds.
Companies which strip-mine for coal (about half of all U.S. coal is strip-
mined) are being pressured to reclaim stripped land at high cost.

Natural gas. At the present time, natural gas is ourf;east expensive
fossi] fuel because of price controls that make it artifically cheap. In
the near future, however, the price of natural gas will become much higher, §
necessitating many current users to switch to some other fuel. There will
undoubtedly be opposition to such a switch since natural gas is the clean-
est of the three fossil fuels and is in great demand for space heating.

The proved U.S. reserves of natural gas (including Alaska) amount to
237 trillion cubic feet (Tcf); "inferred" reserves total 202 Tcf; and
undiscovered recoverable resources are estimated by the U.S. Geological
Survey (USGS) to range from 338 to 722 Tcf. U.S. production of natural gas
has been steadily declining since 1973--in 1975, production (20.1 Tcf)
barely kept pace with consumption (about 19.1 Tcf). This situation pre-
sents the very real threat of curtailments, which could have severe con-
sequences for the growing number of industries which have come to rely on
natural gas.
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0il. The total amount of o0il available in the U.S. and offshore is un-
known, though proven reserves (including Alaska) are estimated by the USGS
(in the Federal Energy Administration's 1976 Energy Outlook) to be 34 to 38
billion barrels (Bbl), estimates of undiscovered recoverable resources av-
erage 89 Bbl, and nearly 200 Bbl might become economically recoverable in
the future. As with natural gas, the price ot extracting petroleum from
U.S. 0il fields may become so high that we will change our present use pat-
terns (6.19 Bbl in 1973). Costs will increase because most of the easy-to-
get 0il has been consumed and new, harder-to-get sources requiring more
complicated technologies will have to be tapped. Exploration for addi-
tional oil reserves centers on sites under as much as 800 feet of ocean wa-
ter or as far as 25,000 feet underground. Other large reserves of o0il are
trapped in fine-grained rock called shale. Useful fuel can be extracted
from 0il1 shale, but the net energy produced may be small, the process ex-
pensive (perhaps twice the present cost), and the environmental problems
significant (large amounts of water are needed for extracting processes).

Urgnium. Uranium, as a fuel for nuclear r2actors, is a controversial
energy source. It is highly favored by some because the potential energy
of a given quantity of uranium is several million times greater than the
energy available from an equal quantity of any one of the three fossil
fuels. Mining uranium is a great deal more difficult than fossil fuels,
however. Even the richest uranium ore may contain only a fraction of one
percent of uranium. Because uranium ore is not pure and the costs of ex-
traction vary, the amount of current reserves are hard to estimate. 1535
has been suggested, though, that we only have 30 years worth left of U“~"--
the uranijum necessary to produce fission reactions in conventional nuclear
power plants. The drawbacks to fission as it is presently used to produce
electricity are the radioactive wastes and safety concerns. These objec-
tions may be overgome with the possible future development of the breeder
reactor. At the present time, breeder technology is not well-established,
costs of development will be high, and it is known that the waste product
is extremely toxic. If breeders can be s¢uccessfully developed and these
obstacles overcome, the effective amount of fissionable material (tha
plentiful U238 after being converted to Pu239) is tremendously increased,
which means that our current energy reserves of uranium can fulfill our
energy needs for thousands of years.

Renewable Enerqy Resources

Solar. By 1973 only a few dozen U.S. homes had been constructed with
solar heating systems; but by the year 2000 solar heating and cooling could
satisfy perhaps half the needs of all new residential and commercial build-
ings. Presently there are some very promising approaches to using solar
energy for low temperature needs such as space and water heating, but the
cost is still relatively high ($10 to $12 per square foot for solar panels)
and functional storage systems must be developed to operate in conjunction
with the solar devices. If solar equipment (lenses, mirrors, panels, and
other devices used to concentrate the energy of tre sun) can be manufactured
cheaply enough, we could prcduce electricity either by a thermal cycle

31




I

f_ P RS
(making steam and driving a turbine) or by direct conversion using solar

cells. The thermal cycle alternative is much closer to practical imple-
mentation, but is still several times as expensive as present methods of
energy generation. The high popularity of solar power is closely related
to individuals who strongly believe in alternate lifestyles and individual
energy independence. These attitudes are also reflected by the large num-
ber of non-federal research and development activities taking place in all
parts of the country (and world).

Geothermal. Large amounts of geothermal energy (heat in the form of
steam, such as that found in geysers) are present in the earth's crust, but
jt is possible to tap these resources only in Timited locations. Thus far,
development and exploration in the U.S. has been conducted mainly in the
West (California) because the most promising sites are found there. Geo-
thermal energy is also being used in Japan, the USSR, New Zealand, Iceland,
I and Hungary for air conditioning and heating houses, heating greenhouses,
processing paper, drying timber, and refrigeration.

Experts estimate that over the next 25 years as much as 25,000 megawatts
(MW) will be provided by geothermal plants, where steam from the earth is
used to drive turbines which generate electricity. There are, however, a
number of disadvantages to using geothermal energy in this manner. Equip-
ment used in the plants tends to corrode quickly because of minerals which
dissolve in the hot water. These same minerals can create some environ-
mental problems in the form of ground water contamination, waste salts, and
air pollution (including escaping hydrogen sulfide which smells like rotten
eggs). Finally, geothermal steam is not very hot, and so is an inefficient
means of producing electricity (it also produces a lot of "waste heat").

wind. Like geothermal-energy, practical wind energy is found only in
certain locations, mostly in the Midwest and Northeast. Even there, it is
variable and must be accompanied by storage devices or used only for special
purposes, such as pumping water for stock ponds. At present, however, wind
power generators are being tested in Northern Europe, Russia, and the U.S.
A 100-kilowatt (KW) wind turbine generator has gone into operation recently
at NASA's Plumb Brook Station at Sundusky, Chio, sponsored by ERDA, with
several additional projects under way. Unless research designers prove
otherwise, many windmills will be needed to obtain a reasonable quantity of
energy (thousands would be needed to equal the output of a single modern
electric generating plant). Other difficulties to be faced by technoiogists
are intermittent winds, lack of efficient storage units (e.g., batteries),
and few favorable sites.

Tidal. Although suggestions have been made to harness the energy in
tides, the total amount of tidal energy potential {20 million MW) would
make a negligibie impact on the world's energy supply. Furthermore, suit-
able locations are not where the demand is and severe environmental problems
could be caused by massive movements of water in and out of coastal
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areas. Other disadvantages are visual pollution if the generating facili-
ties were in a resort area, corrosion of equipment by salt water, and high
capital costs.

Hydro (Water). Most hydroelectric potential in the United States is
already being used and environmental problems will probably prevent the
development of additional sites. At the end of 1970, the installed hydro-
electric capacity (both conventional and pumped) was 56,000MW. By the
year 2000, it is estimated that it will provide 125,000MW of power, but
only 10 percent of the nation's electricity demand. Much of the capacity
in 2000 will be used for pumped storage systems which will use the spare
capacity of "base load" electric plants (for example, in the middle of the
night) to provide power during periods of peak demand the next day. Water
will be pumped uphill for storage, and power will be produced later when
it is released downhill. Thus, a pumped storage system is not a power
source, but a means to avoid wasting unused power produced by any type of
electricity generating facility (nuclear, hydro, coal-fired, etc.).

Wood. Wood is still an important energy source in "third world" nations
and can provide a great deal of power for short periods. Wood could con-
tinue to be used as a renewable fuel if it were grown on "plantations" and
then burned to produce electricity. The obvious disadvantage, however,
is the competition for land use by the agricultural sector.

Refuse. Using our solid wastes to supply part of our electrical demand
is an idea which appeals to many people and, indeed, some small plants are
already in operation or under construction which can produce electricity
from solid wastes. One such plant in St. Louis burns approximately 300
tons of municipal waste per day to generate 12.5MW of electricity. Other
possibilities being considered for refuse are converting it to methane and
wood alcohol. But even if we took full advantage of the energy containedin
all refuse, less than 10 percent of our energy needs would be met. Despite
this small impact and regardless of its cost, we may be forced to use munic
ipal wastes in these manners in order to avoid a serious environmental
crisis in the near future.

Fugion. Although the key concepts and technologies which will unlock
the intricacies of fusion are not yet known,. fusion remains a major hope
for significant quantities of power. Once deveioped, fusion could provide
a long-range solution to the world's energy shortages because a nearly in-
exhaustible supply of deuterium (the fuel necessary to produce fusion power)
is found in water. Two problems which must be overcome by scientists are
(1) containing, over a long period of time and under correct pressure, tem-
peratures of 100,000,000°C reached during a fusion reaction, and (2) dis-
posing of fusion wastes. The date at which a fusion system can be imple-
mented cannot be predicted; certainly it will not be commercially possible
until the twenty-first century.

ST
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Methods of Transporting Energy

Fuels are transported by highway, rail, water, or pipeline; electricity
is transmitted by wire or cable. The method used depends upon the charac-
teristics of the fuel, its location, its expected use, and conparative
costs versus distance. Transportation cost is particularly important to
the consumer since this can determine what is used to heat homes. Cost is
related to the "energy intensiveness" of each mode of transportation; for
example, it takes almost four times as much energy to move one ton of fuel
one mile by truck as by water or rail. Energy intensiveness must be bal-
anged against distance, minimum required transportation time, and end use
in order to determine the most cost-effective mode of transportation.

Ccal, 011, and natural gas (liquefied) are often transported by water.
In 1973, almost 12 percent of all domestic coal was moved by barge.. (A
tow with up to 20 barges can carry 20,000 to 30,000 tons of coal at low
costs.) Approximately one out of every five barrels of crude oil is trans-
I ported to refineries by tanker (supertankers carry up to 300,000 tons),

and about 30 percent of all refined o0il is moved by water carrier. Natural
gas can be moved by tanker only if it is in liquefied form; due to in-
creased cost and the few number of special LNG (liquefied natural gas)
tankers, this is not yet a common means of transporting natural gas.

<11, natural gas, and coal can also be transported by pipeline. Natural
gas and oil are particularly dependent on pipelines from well-head, to
processing installation, to pumping station, to distribution center, to
local gas company, to consumers. Coal pipelines, though technically feas-
ible, are rare due to oppesition by railroads and difficulties in acquiring
rights-of-way. Recent legislation, however, granting five pipelines the
right of eminent domain may bring about increased use of coal pipelines.

The most efficiert form of land transport today, besides pipelinas, is
the railroad. Two-thirds of all domestic coal is moved by rail since
shuttle cars can conveniently move the heavy, bulky load non-stop from
mine to power plant or industrial site. More efficient diesel engines
which can pull greater loads have reduced the cost and energy intensiveness

of railroads.

In 1973 over 40 of all refined oil products were moved by truck--the
most energy intensive (and the most expensive) means of transportation.
Until the oil embargo of 1973-1974, the greater speeds at which trucks
could travel on the interstate highway network reduced the cost per mile
and increased their use. It does not appear that use has decreased, but
higher costs have contributed to increased costs of foods and commodities.
Considerably less coal is transported by truck (only 10 percent), usually

in those cases where mines are accessible by rail or water.

Electricity is transmitted from the power plant to the user by overhead
powerline or underground cable. Over 300,000 miles of power lines are
supplemented or replaced by an increasing number of cables for environmen-
tal, aesthetic, and safety reasons. Unlike overhead lines, which increase
the voltage of electricity in order to transmit it over long distances
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without major energy loss, and then reduce it again for consumption, cables

can transmit electricity at lower voltages which is a more suitable way for
end distribution to customers.

Methods of Storing Energy

Whenever possible fossil fuels, hydropower, electricity, and solar energy
are stored for future use. The type of storage depends upon the particular
energy resource. The type of electrical energy storage with which most
people are familiar is a battery. Unfortunately, batteries are impractical
for storing large amounts of energy. Recently, however, research has begun
in developing efficient, long-lasting batteries. Improvements in storage
batteries (zinc-air, 1ithium-sulfur, nickel-zinc) will facilitate energy
storage for daily peak demand periods at generating facilities, emergency
generation of electricity, and vehicles.

Each of the fossil fuels requires a different method of storage, dependin
on its production and how/when it is consumed. Coal is usually stockpiled
outside the place where it will be burned. This is not very efficient
since coal tends to deteriorate in the open air, but its bulk and weight
precludes the use of any other storage method. Fortunately, better rail
transportation direct from mine to user means shorter stackpiling times.

Natural gas must be stored in large underground reservoirs. Because the
capacity of these storage pools is small (5.2 trillion cubic feet at most),
utilities must cooperate closely with the producers in order to assure
adequate gas supplies in the winter, when residential demand is five times
as great as in summer.

Crude oil is stored in pipelines or large tanks until it is needed at the
refineries. Refined petroleum products are stored until they are needed in
the consumer sectors; for example, heating oil is stored in tanks until it
is needed for winter heating. Residences that burn o0il are generally
equipped with 265-gallon tanks. In the future, these tanks may have a
capacity as large as 1000 gallons. Though unsightly unless buried below
ground level, these tanks will lessen the oil companies' storage and trans-
portation costs. Gasoline, another refined petroleum product, is trans-
ported to service stations where it is stored in underground tanks until it
is dispensed to motor vehicles.

Hydropower requires still different storage methods--either gravity water
storage or pumped water storage. Rivers are natural energy resources tnat
can be harnessed for their gravitational potential energy. The potential
energy in the water was supplied by solar power, which earlier evaporated
the water and transported it to higher elevations. Gravity water storage
is used to collect and hold a river at high elevations so that the potential
energy available from the river can be converted to electrical energy during
peak electrical demand periods.

IT rivers flowed continuously at a constant rate, the gravity water storag
system would not be necessary. But rivers tggg to dry up in the summer and
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flow at such powerful rates in the spring that most of the energy available
would be lost without gravity water storage, which compensates for the mini
mum water energy available during summer. Thus, storage areas or reser-
voirs allow hydroelectric plants to operate continuously at the highest
and most efficient level possible.

Water storage which involves the pumping of water rather than the flow of
a river is called pwmped water storage. The simplest system of this type
uses energy from a thermal plant to pump water from one reservoir to a
higher one. Later, gravity causes the water to flow back to the lower
reservoir and electricity is generated. Pumped water storage systems are
usually used in conjunction with gravity water storage systems. Many
pumped water systems make use of some natural river flow; that is, river
water flows into the higher reservoir and water is pumped to the higher
reservoir from the lower reservoir. Thus more water is used for generating
purposes than is actually pumped to the higher level.

The advantage of the pumped water system is that during periods of Tow
electricity demand the thermal plant can consistently use the power it
generates to pump water to the higher storage area. Then, during periods
of peak demand, energy from the thermal plant and the pumped storage plant
can be utilized to meet peak demand.

Efficient and sufficient methods of energy storage are some current
obstacles facing developers of solar collectors. Currently, radiant heat
collected during periods of sunlight is stored in concrete tanks filled
with rocks or water. The drawback is that tanks must be extremely large in
order to store enough energy to cover extended periods of cold or overcast
weather. Research is being conducted to develop better insulation and

materials for storage tanks.

Patterns of Consumption by Sector

The U.S. consumes more energy per capita than any other nation in the
world. This high-energy use rate is reflected in every sector of our
society--commercial, residential, industrial, and transportation. Figure
4 shows the proportion of energy used in each sector, as well as its dis-
tribution for activities within sectors.

The commercial sector, the smallest of the four, includes businesses,
government buildings, hotels, hospitals, restaurants, and offices. Half of
their energy consumption went for space heating and air-conditioning. This
sector has been growing at a faster rate than the others, and depends pri-
marily on natural gas, oil, and electricity.

Space heating is also the single largest energy user in the residential
sector, which is slightly larger than the commercial sector: The uses for
which energy requirements are growing most rapidly are air-conditioning,
clothes drying, and refrigeration. The rapid rise in air-conditioning has
created a new problem for utilities--providing enough electricity to meet

the disproportionately large demands. : The result nas been "brownouts" when
S P
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the generating facilities reduce the amount of power delivered to each

customer. In rare cases, all power is cut off either intentionally or
unintentionally--a "blackout."

The transportation sector accounts for over one-fourth of our total
national energy consumption. Three-fourths of this is spent on highway
transportation; the remainder is spent on airplanes, railroads, shipping,
and pipelines. Clearly, most of the transportation energy use is due to
the movement of people and goods on U.S. highways, with oil accounting for
essentially all energy consumed in the transportation sector.

Most importantly, while the transportation sector is second largest
(25 percent) in terms of total fuel energy consumption, an additional
15 percent of total fuel energy consumption comes from the other three
sectors to support the transportation complex: energy is required not only
to fuel transport machines but also to build and maintain them. It is
easy to understand why the automobile portion of the transportation sector
absorbed most of the shock of the 1973-1974 oil shortage. It is also easy
to see why much attention is given to improving energy efficiency in that
sector. '

The largest consumer of fuel energy in the U.S. is the industrial sector.
Heating processes, either by manufacturing steam or by directly burning
fuel, account for half of industrial fuel consumption. The rest is used
for electrolysis, feedstocks, heating/lighting, and running machines.
Unlike the transportation sector which relies on 0il, the industrial sector
uses all three fossil fuels--gas, oil, and coal. |

A11 of the four major energy consumption sectors largely depend upon
dwindling fossil fuels. It is essential that alternate energy sources be
developed. Present consumption patterns will help determine the priorities
which should be given to various alternate energy resources; for example,
solar energy--an energy source which can provide space heating, air con-
ditioning, and water heating--may have a significant impact on the residen-
tial and commercial sectors but 1ittle impact on the transportation sector
over the next 30 years or more. :

Future Trends in Energy Consumption

How will the patterns of energy usage change in the future? It seems
certain that growth in energy usage will continue during the twentieth
century, but how large will the increase be? Ihat energy consumption sec-
tor will show the strongest growth in demand?

In an attempt to answer these questions, a forecast made by the Exxon
Company (“Looking Ahead to 1990") has been compared to future trends sug-
gested by the Federal Energy Administration (FEA). It was found that the
projections by a large international petroleum company (Exxon) were also
made by a government agency (FEA); in other words, oil companies' ideas
are not, as many would believe, always contrary to government ideas or
data. Of course, both estimates may be wrong.
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Exxon's Projection Assumptions. Many factors must be considered in order
to formulate energy consumption forecasts; these include population trends,
future technological changes, past consumption trends, price trends, and :
future government policies. Exxon assumed the following items to be true

in their forecast:

1. That government will not mandate curtailment of energy Consumption‘
below levels necessary for adequate national economic growth or
enforce use of certain fuels in preference to others.

2. That government policies will facilitate expanded energy development;
increase the leasing rate of offshore acreage as well as o0il shale
and coal acreage; moderate the delays in nuclear plant licensing and

_siting; and maintain a realistic balance between energy, economic,
and environmental goals.

3. That government policies will not reduce the availability or inhibit
the formation of capital funds required by the energy industries.

4. That the nation will continue its recovery from the 1974-1975
recession. '

5. That there wili be long-term growth toward full emplioyment.

6. That higher energy costs will divert some capital investment in
labor-saving equipment, resulting in lower than historicai gains
in productivity.

7. That (brimari]y for the reason above) long-term growth in real
Gross National Product will be somewhat below the historic growth
rate.

8. That full attainment of secondary air quality standards will be
delayed temporarily to permit greater use of coal.

9. That oil imports will be available as needed.

10. That energy prices will increase at the U.S. inflation rate.

11. That high energy prices will significantly affect energy consumption,;
both depressing demand growth and influencing the mix of fuel
utilized. :

Note that Exxon assumed that higher energy prices will decrease the rate
at which energy is demanded by sectors; for example, although the electri-
cal power demand rate {(based on the period from 1955 to 1967) is an annual
increase of eight percent--a doubling time of nine years--the future elec-
trical power demand rate may not increase by eight percent annually, in
which case higher energy prices would depress demand. Given the above
assumptions, Exxon described the future trends for four sectors: indus-
trial, transportation, residential/commercial, and nonenergy. Before, the
nonenergy sector was.included in the industrial and commercial sectors
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under the title "feedstock." (Feedstocks are those energy resources used
as raw materials in manufacturing rather than as fuels for burning.)

Industrial Energy Consumption. Exxon projected that industrial energy
demand growth rate would decline sharply through 1980, efficiency in energy
use would rapidly increase, and economic growth would be slower. Then,
from 1980 to 1990, the demand growth rate would increase, the rate of ef-
ficiency improvement would slow, and economic growth would continue.

In April, 1976, FEA reported that industrial energy consumption in 1975 .
was 9.4 percent less than the 1974 consumption level and 10.9 percent less
than the 1973 Tevel. Furthermore, the 1975 level was 16.8 percent less
than the projected level for 1975, based on 1964-1973 data.

This decrease in energy consusption for 1975 did not reflect an increased
level of energy efficiency. However, certain eneray-intensive companies
which were visited and aided by staff members of FEA's Office of Energy
Conservation showed marked improvement in energy efficiency. It is clear
that energy efficiencies can be improved. In fact, despite falling (real)
energy prices, industrial energy use per unit output fell steadily in the
Fifties and Sixties at a rate of over one percent ver year. With increas-
ing prices, the rate of efficiency should increase significantly.

Exxon's forecast for th2 industrial sector was supported by FEA statis-
tics. In the future, higher energy prices, among other economic factors,
will most 1ikely continue to slow economic growth, particularly in energy-
intensive industries. At the present time, energy-intensive industries
will probably improve their energy efficiency in the next decade. Also,
to the extent that energy is substitutabl=s, the higher energy price will
slow energy growth but not economic growth.

Transportation Energy Consumption. Exxon forecasted that the annual
energy consumption in the transportation sector would drop significantly
below the historic rate. FEA statistics indicate that the 1975 transporta-
tion energy consumption was only 0.7 percent higher than the 1974 level
and 3.3 percent below the 1973 level. On the basis of the 0.7 percent
.increase, it might appear now that the U.S. was recovering from the 1973-
1974 international oil crisis, with the transportation energy consumption
demand rate slowly increasing. Keep in mind, however, that the 1975 trans-
portation energy consumption level was 12.1 percent below the prajected
trend for that year.

FEA's projected trend was based on 1964-1973 statistics and that gasoline
consumption per capita, though 1.0 percent higher than the 1974 level, was
8.5 percent below the projected trend for 1975. The FEA statistics re-
vealed that higher gasoline prices (2.8 percent above the 1974 jevel) and
greater automobile efficiency helped reduce transportation energy consump-
tion. According to FEA statistics. .t seems safe to assume that the com-
bination of a new conservation awareness (a by-product of the 1973-1974

“nternational o0il crisis) and higher energy prices reduced the
- A
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transportation energy consumption demand rate. Furthermore, the present
growth rate is significantly less than the growth rate projected by FEA
and new regulations are set to ensure that autos become more efficient in
the years to come.

Bearing in mind that domestic oil supplies are dwindling and that oil im-
port prices can be expected to inirease to as much as $15/barrel by 1985
if domestic alternatives are not developed (1974 import prices averaged
$12.52/barrel, while domestic prices averaged $7.18/barrel; 1975 import
prices rose to an average of nearly $14/barrel, while domestic prices rose
at a lower rate to $8.39/barrel), there is no reason to doubt Exxon's pre-
diction that demand growth rate in the transportation sector will drop
significantly. In fact, it may not grow at all.

Residential/Commercial Energy Consumption. Exxon projected that the
growth rate in the residential/commercial sector would decline after 1975,
that energy demands would be met primarily by gas and electricity, and
heating 0il1 consumption would increase only moderately. According to FEA
data, 1975 energy consumption in buildings (residential and commercial),
though 2.2 percent above the 1974 average level, was the same as the-1973
level, and the 1975 building energy consumption was 9.1 percent below the
projected trend for that year; in other words, the growth rate declined
from that projected based on the 1964-1973 statistics. No doubt, the
residential/commercial energy consumption demand rate will continue to
decline from the projected level until it is below the actual 1973 con-
sumption rate.

FEA data also showed that: (1) 1975 electrical energy usage by com-
mercial sector and per household rose above the 1973 and 1974 levels; and
(2) electrical usage decreased 10.9 percent from the projected trend in
the commercial sector and 11.2 percent per household. The 1975 per capita
energy usage in the residential/commercial sector was 6.6 percent below
the 1973 average level, 3.6 percent below the 1974 level, and 12.4 percent
below the projected trend for 1975. As in the transportation and industrid
sectors, reduction in the rate of energy consumption was partly the result
of conservation measures and partly the result of economic factors. It
seems likely that, over the long term, the slowdown in population growth
and improved efficiency in energy use in housing will continue to hold down
demand growth to less than two percent per year.

It is clear that there are reliable government data to support Exxon's
projection that the energy consumption demand rate for the residential/
commercial sector will decline from that of the 1964-1973 period; as men-
tioned, the growth rate for 1975 was 9.1 percent less than the projected
trend (based on 1964-1973 figures). Since 1973, demand for electricity and
natural gas increased; demand for heating oil has decreased since 1974
(though it had moderately increased since 1973).

Swmmary and Conclusion. Exxon projected that the demand growth rate in
the industrial sector would first decline sharply through 1980, then in-
crease; that the demand growth rate in the transportation sector would drop
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significantly below historic rates; that the demand growth rate in the
residential/commercial sector would decline from the lvuC -1974 period; and
that the demand growth rate in the nonenergy sector would remain about the
same. FEA statistics supported Exxon's forecast: their data show that
the 1975 energy consumption in industry, transportation, and buildings was
below the level projected on the basis of 1964-1973 data on consumption
levels in those areas.

Increased conservation awareness as well as increased energy prices, due
to dwindling easy-to-recover domestic energy supplies and to increased im-
ported fuel costs, will result in further reductions in energy consumption.
Total energy consumption for 1975 was 2.8 percent below the 1974 level and
5.2 percent below the 1973 level. These statistics were based on January
through November of each year; in other words, the 1973 figure excludes
the most energy-intensive month of the international oil embargo--December.
If the U.S. aggregate energy consumption can go below the pre-embargo
level, as it did in 1975, perhaps it can go below the consumption level fo
1972 or even 1971.

Forecasts which state that the U.S. energy consumption level will double
from its current level by 1990 may be true since energy consumption levels
depend upon population increases, government policies, technological
changes, and the price of energy in the future, but it is true that higher
energy costs in 1975 brought energy consumption to 12.4 percent below the
projected trend for that year. As population growth slows and as we have
time to make a full response to higher energy prices, the efficiency with
which each of us uses energy will increase in importance. The combined
effects of consideration of energy efficiency and energy conservation
within all sectors of our society could result in a nearly level demand
for energy by the turn of the century.
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Why Energy Conservation?

Increased conservation awareness, higher prices, and new public policies
have resulted in significant reductions of energy consumption; for example,
in 1975 conservation measures helped bring energy consumption to 12.4
percent below the amount earlier projected for that year. Other estimates
suggest that energy conservation can bring about a one-third reduction in
energy consumption without curtailment.

"Conservation" means the wise use of energy; it can be a natural respons
to price change, a shift from less to more available fuel resources, or
simply a well-insulated house with an efficient heating system.

“Curtailment," on the other hand, causes or induces denial; for example,
an oil embargo requires curtailment or cutting back petroleum consumption.
Curtailment means a cold house in the winter even though it's a well-
insulated house. Conserving energy resources now means avoiding possible
curtailment of those resources in the future. Conservation as a long-term
necessity should be implemented for many reasons, including five suggested
by one energy expert:

1. Conservation activities save money, and lower cost energy resources
can often be used to achieve the same ends as high cost energy resources.

2. Conservation expands the range of energy choices because it permits
citizens to select those energy supply technologies that are most accept-
able (for example, solar energy) and reject those that are relatively
objectionable (for example, coal energy).

3. The U.S. dependence on unreliable and costly supplies of foreign
0il can be reduced by conservation measures.

4. Conservation can free scarce energy resources for use in developing
countries. The value of an incremental supply of energy in a developing
country miy be much greater than in a developed country.

5. Conservation measures will help provide energy resources for future
generations; furthermore, they will help to prevent future generations
from having reduced standards of living.

Clearly, energy conservation makes sense.

The Role of the Teacher

A 1976 FEA conservation paper entitled "Group Discussions Regarding Con-
sumer Energy Conservation" found that energy conservation is generally
viewed as a "time-buying" strategy that will be implemented only until some
new, infinite, inexpensive source of energy is found. The American society
can then continue to be spoiled, self-indulgent, and extravagant. Conser-
vation is not considered an end in itself. Many pre-teenagers romantically
believe that a "Star Trek" world, with its "new" energy resources, will be
theirs or at least their children's. But the "new" energy resources
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(fusion, for example) may not be implemented for quite a lang time and,
when they are, they will probably be more expensive than we hope. Until
such resources are developed, we must act with the belief that "new"
resources may never be available. Thus, conservation should be considered

an end in itself.

Citizens must become aware of the need for and economic rationality of
energy conservation. It's simply a strategy for getting the most for our
money. Teachers especially are in a position to promote this understand-
ing, but they should take note of the following warning in the Citizen

Action Guide to Energy Comservation:

It should go without saying that if you are not practiecing energy con-
servation, you can't very well ask others to do so--your enthusiasm and
success will be the best reason that others will want to join you.

After teachers have put into practice their conscious decisions to be
active conservationists, but befare they urge conservation measures on
their students, they must carefully formulate for class presentation a
whole range of reasons to justify their support of energy conservation.
Their support of conservation measures should be based not only on na-
tional, social, political, and economic reasons, but also on a moral sense
of waste and the need for stewardship--an energy conservation ethic.

An Energy Conservatiox Fthic

§ Some sort of ethic stands behind every moral principle. Historically,
Americans have believed in a "Work Ethic"--work as hard as possible, pro-
duce as much as possible, be as comfortable as possible, and be as success-
ful as possible in terms of income and acquisitions. As a result of this
productivity, our society has become increasingly prosperous and we have
grown with little concern for future generations.

In the past, energy and technolcgy increased worker productivity and
provided an outlet for improved disposable income (longer vacations, more
expensive cars, added conveniences at home). As a result, American society
has become increasingly energy-intensive and wasteful. Now that American
energy supplies are dwindling, it is essential that some behavioral changes
occur in our society.

In order to slow the exponential energy demand arowth rate which may limit
energy options available to future generations, citizens must adopt an
Energy Conservation Ethic. Such an ethic not only can induce cost-saving
responses, but can also productively change the American way of living.
Teachers have the opportunity to make clear to teenagers that such an ethic
is based on a realistic comprehension that so many of the raw materials on
which current living standards rely will not be available much longer.

It goes without saying that conservation measures cannot be effected
without some action by the consumer; such measures may not only alter the
"comfort" citizens derive from consumption but also their "freedom" to
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consume. As observed in the Seientists’ Statement on Energy Policy: "One

man's conservation may be another man's loss of job. Conservation, the
first time around, can trim off Lhe fat, but the second time will cut

deeply."

On the other hand, conservation cuts waste. For example, insulation can
decrease the wasteful use of heating oil. Over the long run, conservation
can save money and increase energy efficiency. For example, it is possibl
to buy an air conditioner that is more efficient than another air condi-
tioner of comparable size and quality. And the more efficient air condi-
tioners often cost less than the less efficient ones! Even if initial
costs are greater, more dollars will be saved in operating the more effi-
cient model over a period of years. Consumers should carefully examine
products with this in mind.

Conservation may eliminate some jobs, but, at the same time, it can
create new jobs. For example, decreasing the production of disposable
bottles can lead to a decrease in the number of people required to produce
the disposable bottles, while increasing the number of people who must col
lect and wash returnable bottles. Likewise, conservation through improved
insulation can reduce the number of people needed to bring heating oil to
homes, but at the same time more jobs are created in the building industry.

However one may view conservation costs, it is clear that the cost con-
sumers pay for energy conservation measures is worthwhile--the freedom and
comfort of future generations will be assured. Though they can no longer
be as wasteful, citizens can continue to enjoy a high standard of living.

The individual who 1ives by an Energy Conservation Ethic is acutely
aware of the difference between essential needs and nonessential desires,
and will give much thought to each of the following questions before
buying a product:

®0Do I really need it to be happy?

®%il1 buying it help promote a less "consumptive" lifestyle?

® Is it the cheapest, most effective item I can buy to meet my need?

® What energy resources are in it?

© Are the energy resources scarce or nonrenewable?

® From what country do the resources come?

® Are there other resources which could be used to make it?

®What could be used as a substitute or alternative?

®Did its production result in significant environmental/ecological
damage?

®Will its use result in significant environmental/ecological damage?

®How long will it last and can it be recycled?

©Is it efficient and safe?

As cen be seen from these questions, an Energy Conservation Ethic is a
conscience in the individual that reminds him/her to think in terms of wise
and efficient use of resources when developing, buying, or consuming them.
It reminds him/her about the responsibility to maintain an ecological
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balance for survival, that the environment and life support systems are not
limitiess in their capacity to assimilate waste.

Energy Conservation Activities

There are four major types of conservation activities:
1. Activities that save energy and have no apparent disadvantage.
2. Activities that save money as well as energy.

3. Activities that save energy but have some minor associated
disadvantage.

4, Activities that save energy and have major associated disadvantages.

Use of energy efficient ¢npiiances falls into the first category. For
example, using an enérgy-efficient air conditioner saves energy and has no
apparent disadvantages. Further, the more efficient air conditioners do
not necessarily cost more than the less efficient ones.

An activity which saves energy and money is investing in improved insula-
tion. This can drastically reduce heating and cooling bills, essentially
of f-setting any increased mortgage costs and investment in insulation ma-
terials. Also, caulking and weatherstripping doors and windows saves
energy and money in the long run. Consumers can further save energy and
money by washing clothes in warm or cold water and rinsing them in cold
water.

Carpooling and taking showers instead of baths are activities which save
energy and have only minor disadvantages. Driving at 55 m.p.h. rather
than at 70 m.p.h. is another activity which saves energy (and lives) and
has only a minor disadvantage--it takes a little longer to get there. In
this case, the only "cost" to the consumer is time.

Fuel rationing is an activity that could save lots of energy but has
major disadvantages in terms of inconvenience, cost, and lifestyle. Citi-
zens shouid actively participate in activities in the first and second cate-

gories and live with those in the third so that those activities in the
fourth can be avoided. Figure 5 presents a summary of these activities.

Teachers have the opportunity to encourage students to participate auto-
matically in those conservation activities which have no apparent disadvan-
tages as well as the opportunity to encourage students to volunteer to
participate in activities which have minor personal disadvantages. Further
more, educators can help students tolzrate and accept those activities
which may produce serious disruptions in their future 1ifestyles. Most
important, educators can stress to their students that conservation measure
must be undertaken NOW if the freedom and comfort of future generations is
to be assured. In other words, educators can help the Energy Conservation
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Wr;thic become a way of 1ife; they can help create a more efficient, durable
society that will be able to leave a substantial energy inheritance to its
future generations--and help the U.S. shift to a more just and sustainable
level of energy consumption.
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INTRODUCTION

Just as the topic of energy conservation cuts across all boundaries of
our society, so do the activities and ideas in this book cut across all
subject areas and grade levels. A great variety of topics and types of
activities have been -included in the following 49 sections which relate
to the preceding discussions about energy perspectives, resources, and
conservation. Although subjects and grades have been suggested for all
activities, it is expected that teachers who use this book will lock for
ideas in sections other than their own, and will adapt activities for
other grade levels to their own classes.

Each activity begins with a brief paragraph describing the topic. This |
paragraph should be augmented by the teacher and/or students with informa- §
tion from the narrative portions of this book as well as with information
obtained from outside reading and investigations. The sources of informa-
tion (alsu provided for each activity), bibliography, and glossary at the
end of this book provide guidance in this task. The activities concen-
trate on suggestions for individual or group studies, investigations,
projects, and ideas which may be implemented within the limits of the
classroom or expanded to include the surrounding community. The teacher
may use as few or as many of the suggestions for each activity in designing}
appropriate classroom experiences. .

Grade levels have not been indicated on the activities so that students
| will not be biased by a predetermined competency level. However, to

assist teachers in using the materials in this book, grade levels and
subject areas (also shown in the Table of Contents) are keyed by color:

Science 7-9 Green
Science 10-12 Light blue
Social Studies 7-9 Orange
Social Studies 10-12 Salinon
Communications/Language Arts 7-9° Light gold
Communications/Language Arts 10-12 Goldenrod
Multidisciplinary 7-12 Brown

A1l other sections of the book are printed on white or gray paper.

}  The looseleaf pages enable easy duplication of charts, tests, and check-
1ists or data collection instruments for distribution to the entire class.

In addition, the notebook format will permit teachers to add sets of

materials collected or developed for use with the activities and will

} allow the contents of the guide to be updated periodically.
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OBJECTIVE: TO HELP STUDENTS DEVELOP AN
UNDERSTANDING OF PETROLEUM USE AND AVAIL-
ABILITY IN TENNESSEE, THE NATION, AND WORLD. SCIENCE

Petroleum (0il1) is produced from organic materials which have undergone
millions of years of heat and pressure. This "fossil fuel" supplies most
of our energy needs. Many experts believe most of the werld's oil supply
will be exhausted by 20610. For the past few years, the U.S. supply has
ﬁai]ed to keep up with demand, so we now import nearly half of our petro-

eum.

Have students conduct Tibrary research and contact organizaticns to learn
more about the production, use, and future of petroleum. Specifically,
students should obtain answers to the following questions:

i. Why is petroleum referred to as a "fossil fuel"?

2. MWhere are 0il reserves found in the nation? In other countries?

How is o0il extracted, refined, stored, and transported?

S w

For what purposes is o0il used?

5. What is o0il shale and what are the major problems asscciated with its
mining and processing?

6. What are the environmental and economic advantages and disadvantages
of burning 0il (using it as a fuel)?

7. What kinds of pollution control devices are used to protect the en-
vironment when burning 0i1? How are oil spills on water cleaned up?

8. What percent of the total energy used in the United States is sup-
plied by 0i1? In Tennessee?

9. At present consumption rates, how long would known reserves of oil
in the United States last?

ﬁ 10. At current consumption rates, approximately how long would Aiaskan
0il sustain United States demand?
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12.

13.

CONTAC

ST _

To what extent are we importing oil into the United States from
other countries? Do we export any o0il?

How is the United States trying to beccme energy independent? Does
the State of Tennessee have any such plans?

What are the most important ways to conserve o0il?

T _ORGANIZATIONS

1.

Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Environmental Protection Agency, 401 M Street, SW, Washington, D.C.,
20460.

Geological Survey, U.S. Department of the Intericr, 12201 Sunrise
Valley Drive, Reston, Virginia 22092.

Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th
and Union, Nashville, Tennessee 37219.

Alyeska Pipeline Service Company, 1815 South Bragaw Street,
Anchorage, Alaska 99504.

American Petroleum Institute, 1801 K Street, NW, Washington, D.C.
20006.

Association of 0il Pipelines, 1725 K Street, NW, Suite 1208,
Washington, D.C. 20006.

Association of Oilwell Servicing Contractors, 1700 Davis Building,
Dallas, Texas 65202.

Independent Petroleum Association of America, 1101 Sixteenth Street,
NW, Washington, D.C. 20036.

Independent Refiners Association of America, 18ul X Street, NW,
Suite 1101, Washington, D.C. 20006.

Any large, national oil company; their regional distributors often
keep necessary literature and information in their offices.
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ACTIVITY 2 THE COAL SITUATION

T_;)BJECTIVE: TO HELP STUDENTS DEVELOP AN
UNDERSTANDING CF COAL USE AND AVAILABILITY :
IN TENNESSEE, THE NATION, AND WORLD. SCIENCE

ﬂ

Coal is the result of tremendous geological pressures that have changed
organic materials into a concentrated carbon/hydrogen form over millions of
years. Coal is the most abundant fossil fuel. Known reserves in the
Unjted States exceed those of all other countries of the world combined.

Have students conduct library research and contact organizations to
learn more about the production, use, and future of coal. Specifically,
students should obtain answers to the following questions:

1. Why is coal referred to as a "fossil fuel"?

2. Where are coal reserves found in Tennessee? In the nation? In
other countries?

3. What percent of the total energy used in the United States is sup-
plied by coal?

4. What is coal used for?

5. At present consumption rates, how Tong would known reserves of coal
in the United States Tlast?

6. To what extent do we export coal from the United States to other
countries? Do we import any coal?

7. How is coal normally mined, stored, and transported?

8. Is it cheaper to strip-mine or deep-mine coal? What are the
differences in these two mining methods?

9. What role does the Tennessee Department of Conservation have in
coal mining? Are its policies effective? What else could/should
the Department do?

10. How is_strip-mined land reclaimed? (Visit a strip-mined area, if
p0551b1e.§

11. What role does TVA play in strip mine reclamation? Are its policies
affective? What else could/should TVYA do?
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12. What are the different kinds of coal and which is highest in

13.

14.

15.

sulfur content? wWhat difference does this make?

What are the environmental and economic advantages and disadvantages
of burning coal?

What are some of the kinds of pollution control devices used when
combusting coal? Which kinds are more effective? Are they expen-
sive? Explain.

What are the advantages of building coal-fired steam plants close to
coal reserves or mines?

CONTACT ORGANIZATIONS

1.

10.

11.

Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.

Tennessee Department of Cunservation, 2611 West End Avenue,
Nashville, Tennessee 37203.

Fast Ternessee Energy Group, 1538 Highland Avenue, Knoxville,
Tennessee 37919.

Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th
and Union, Nashville, Tennessee 37219.

Tennessee Friends of the Earth, Box 12489, Nashville, Tennessee
37212.

Coal Mining Institute of America, 416 Ash Street, California,
Pennsylvania 15419.

National Coal Association, 1130 Seventeenth Street, NW, Washington,
D.C. 22036.

Resources for the Future, Inc., 1755 Massachusetts Avenue, NW,
Washington, D.C. 20036.

Environmental Action Foundation, Inc., DuPont Circle Building,
Room 720, Washington, D.C. 20036.

American Coke and Coal Chemicals Institute, 1010 Sixteenth Street,
NW, Washington, C.C. 20036.
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ACTIVITY 3 THE NATURAL GAS SITUATION {}

OBJECTIVE: TO HELP STUDENTS DEVELOP AN
UNDERSTANDING OF NATURAL GAS IN TENNESSEE,
THE NATION, AND WORLD.

SCIENCE

Natural gas is the cleanest of the fossil fuels because when it is A‘T
burned, it leaves only carbon dioxide, carbon monoxide, and water. Natural
gas is being used up faster than new reserves are being discovered.

Have students conduct librarv research and contact organizations to
learn more about the availabiiity, use, and future of natural gas. Spe-
cifically, students should obtain answers to the following questions:

1. Why is natural gas referred to as a "fossil fuel"?

2. MWhere are ratural gas reserves found in the nation? In other
countries?

3. How is natural gas obtained, store, and transported?
4. What are the major uses of natural gas?
5. What are the advantages and disadvahtages of burning natural gas?

6. What percent of the total energy used in the United States is
supplied by natural gas?

7. At present consumption rates, how long will known reserves of
natural gas in the United States last?

8. Which economic sector (residential, commercial, industrial, agri-
cultural, transportation) should be given priority for using natural
gas as reserves become depleted? Why?

9. How does governmenf or industry know where natural gas shortages
will take place? What special problems do we face in Tennessee?

10. What are the kinds of problems an industry will face if it must
substitute another fuel for natural gas? For example, what would
happen if all the industries in Tennessee which use natural gas
had to switch to coal and 0il?
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12.
13.
14.

What does the future look like for use of liquefied natural gas?
For coal gasification?

Has natural gas been cheap or expensive 1n the past?
What federal agency reguiates the price of natural gas?

What are the most important ways to conserve natural gas?

CONTACT ORGANIZATIONS

1.

10.

11.

Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Federal Energy Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.

Federal Power Commission, 825 North Capitol Street, NE, Washington,
D.C. 20426.

Tennessee Public Service Commission, Cordell Hull Building,
Nashville, Tennessee 37219.

Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th
and Union, Nashville, Tennessee 37219. !

American Gas Association, 1515 Wilson Boulevard, Arlington,
Virginia 22209.

American Public Gas Association, 2600 Virginia Avenue, NW,
Washington, D.C. 20037. ‘

Interstate Natural Gas Association of America, 1660 L Street, NW,
Suite 601, Washington, D.C. 20036.

National LP-Gas Association, 1800 North Kent Street, Arlingtor,
Virginia, 22209.

Natural Gas Processors Association, 1812 First Place, 15 East 5th
Street, Tulsa, Oklahoma 74103.

National gas companies or their local/regional distributors.




| ACTIVITY 4 THE SOLAR ENERGY SITUATION

OBJECTIVE: TO HELP STUDENTS DEVELOP AN

UNDERSTANDING OF SOLAR ENERGY TECHNOLOGY

AND ITS POTENTIAL USE IN TENNESSEE, THE SCIENCE
UNITED STATES, AND OTHER COUNTRIES.

Some people support the development of solar power in Tennessee, while
others believe it is inappropriate for this area. Have students conduct
Tibrary research and contact organizations to learn more about solar energy
and its potential use in the future. (A field trip to observe solar de-
vices or home demonstrations would be beneficial.) When conducting the
study, students should obtain answers to the following questions:

1.
2.

~d

10.

What is "solar energy"?

What are the major environmental and economic advantages and disad-
vantages of solar power?

How is solar energy converted into electricity? How is it stored?

What are the component parts of a solar collector? What materials

‘are used to make one and how does it work? How much does it cost?

Is the cost changing: How do collectors differ?

How efficient is the direct conversion of solar energy to electricity
in a solar cell? How much does this cost?

How many days and hours per day (average) of sunlight do we have
during a year in Tennessee? When (months, seasons) would it ie best
to operate soiar systems?

What would be the best uses of solar power in Tennessee? Water
heating? Air cornditioning? Space heating? Agriculture?

What is a "solar energy farm"? Where would be the best places to
locate them in the United States? Other countries?

Should solar power be developed as an alternative to fossil-fueled
and nuclear plants? As a supplement?

Uo you believe the federal government is adequately financing solar
energy researc!, and deveiopment? Why or why not?
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ONTACT ORGANIZATIONS:

1.

Environment Center, The University of Tennessee, South Stadium
Hall, Knoxville, Tennessee 37916.

Energy Research and Development Administration, 2C Massachusetts
Avenue, NW, Washington, D.C. 20545.

Solar Energy Society of America, P.0. Box 4264, Torrance, California
90510.

Solar Energy Industries Association, 1001 Connecticut Avenue, NW,
Suite 632, Washington, D.C. 20036.

International Solar Energy Society, 12441 Parkline Drive, Rockville,
Maryland 20852.

Mid-South Solar Energy Society, c/o Mechanical Engineering Depart-
ment, Memphis State University, Memphis, Tennessee 38152.

ERDA Technical Information Center, P. 0. Box 62, Oak Ridge,
Tennessee 37830.

National Solar Heating and Cooling Information Center, P. 0. Box
1607, Rockville, Maryland 20850. (Toll-free number: 1-800-523-2929)
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ACTIVITY 5 THE HYDROELECTRIC DAM SITUATION

OBJECTIVE: TO PROVIDE STUDENTS WITH AN

UNDERSTANDING OF HYDROELECTRIC POWER

GENERATION, ITS PRESENT USE, AND ITS FUTURE SCIENCE
POTENTIAL IN TENNESSEE.

Hydroelectric plants use flowing water to generate electric power by
means of hydraulic turbine-generator units. The main features of a hydro-
electric plant are: (1) a dam to impound water in a reservoir; (2) a
puwerhouse that contains the turbine-generator units and accessories; and
(3) a tunnel to carry water from the reservoir to each of the turbines.

Have students conduct 1ibrary research and contact organizations to
learn more about the construction, use, and future of hydroelectric power
generation. Specifically, students should obtain answers to the following

questions:

1. How does a turbine generation unit operate? Draw a unit and label
its parts.

2. Are the majcr rivers in Tennessee already dammed to capacity? Where
are dams located? How have they changed the surface geography of
Tennessee? (Compare old maps with recent maps; prepare a chart/poster
indicating completed, urdar-construction, and planned hydroelectric
facilities on Tennessee waterways.)

3. What is the estimated 1ife expectancy of the average dam in Tennessee?

4. Do TVA and the Corps of Engineers plan to construct any new dams
in Tennessee? Where? Why?

5. MWhat criteria do TVA and the Corps of Engineers use to locate
sites for new dams? Would your criteria differ greatly from theirs?

6. Are lakes rapidly filled by siltation in Tennessee? Why or why not?

7. What are the environmental, economic, and societal advantages and
disadvantages of hydroelectric power generation?

8. Do dams aid fish propagation and provide improvements in recreation
facilities? What about flood control?
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CONTACT ORGANIZATIONS:

1.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.

Tennessee Department of Conservation, 2611 West End Avenue, Nashville,
Tennessee 37203.

Corps of Engineers, Department of the Army, P.0. Box 1070, Nashville,
Tennessee 37202.

Tennessee Wildlife Resources Agency, Ellington Agricultural Center,
P.0. Box 40747, Nashville, Tennessee 37204.

Sierra Club, 1050 Mills Tower, 220 Bush Street, San Francisco,
California 94104.

Tennessee State Planning Office, Capitol Hi1l Building, Nashville,
Tennessee 37219.

Tennessee Environmental Council, P.0. Box 1422, Nashville, Tennessee
37202.

Any other large regibnal power distributor, such as the Pacific Gas
and Electric Company, 77 Beale Street, San Francisco, California
94106.
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OBJECTIVE: TO HELP STUDENTS UNDERSTAND
WHY WE HAVE AN INCREASING NEED FOR
ELECTRICITY. SCIENCE

A

Our well-being and way of Tife in today's society depends upon an ade-
quate supply of electricity. The need for electricity has doubled about
every ten years. Even if this tapers off, an enormous expansion of power
generation would still be needed. The Te:nessee Valley Authority has the
responsibility for this expansion in much of Tennessee.

.. Have students conduct library research and contact organ1zat1ons to ob-
tain answers to the following questions:

1.
2.

10.

Why is the need for electricity rising each year?

What percent of our electric energy comes from hydro, fossil fuels,
and nuclear?

Which economic sectors (residential, industrial, commercial, trans-

portat10n, agricultural) consume what percent of our electrical
energy?

What are the ways we can sTow down the need for electricity without ~
drastically altering our standard of 1iving?

How can we make sure we will have electricity in the years ahead?

About how many years after the decision is made to build a coal-fired
generating plant is it ready for operation? Why this Tong?

About how many years after the decision is made to build a nuclear
power generating plant is it ready for operation? Why this long?

How do TVA and private utilities finance huge construction programs? k

Ir what ways does the TVA power program differ from that of a private
utility?

What are the elements that figure.in setting an electric rate?
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CONTACT ORGANIZATIONS:

1. Your local utility or electric power distributor.

2. Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902. :

3. See Appendices for comparison of costs per kwh.
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ACTIVITY 7 ENERGY CONSERVATION AT HOME

L

r—

R

OBJECTIVE: TO HELP STUDENTS GAIN AN
AWARENESS OF ENERGY USE AND WASTE IN
THE HOME. SCIENCE

P

Have students use the ENERGY CONSERVATION CHECKLIST FOR THE HOME pre-
pared for this activity to determine where/why/how energy is wasted. In-
formation gained from responses on the checklist can be used by students
to develop energy conservation suggestions for their parents. Students
should encourage their families to implement the energy conservation mea-

sures and do their part to make it work. Following this experience, the

class might discuss such questions as:
1. What are the most inexpensive ways to conserve energy in the home?
.2. What are the most effective ways to coniserve energy in the home? H
3. Is it possible to still pay higher utility bills after impiementing
an effect/«2 energy conservation program at home? If so, why?
4. How do yci: #vad electricity and gas meters?
CONTACT ORGANIZATIONS: |
1. Your local gas or electric utility, power distributor, and
building supply house.
2. Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th anc¢
Union, Nashville, Tennessee 37219.
3. Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.
4. Environment Center, The University of Tennessee, South Stadium Hall,
Knoxville, Tennessee 37916.
5. See appendices for estimates of yearly consumption by
common household appliances. |
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AN ENERGY CONSERVATION CHECKLIST FOR THE HOME

Name & Address
of Resident:

Name of Student:

Date:

USE THIS CHECKLIST TO DETERMINE WHERE/HOW/WHY ENERGY IS WASTED AT HOME.
THE MORE CHECKED "YES,'" THE MORE ENERGY CONSERVATION MEASURES BEING USED.

YES  NO

1. Are spaces around windows, doors, air conditioners,
etc., properly caulked (sealed tightly)? . L

2. Are there storm windows and doors throughout the
home? L L

3. Are windows tightly closed at all times during cold
weather? . -

4. Are exterior doors closed quickly after use? - - .

5. Are drapes and shades closed at night and on cloudy
or windy days during the winter? o .

6. Are drapes insulated? ] o —_—

7. Are hot air ducts or radiators closed off in unused
rooms or closets?

8. Are hot water pipes and air ducts insulated? - .
9. Is the air conditioner located on the shady side of
the house? : ' - -

10. Are drapes and furniture located so they do not
interfere with air ducts, radiators, thermostats?

Are the walls insulated? o -
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YES  NO

12. Does the floor have 2"-3%" of insulation? L L
13. Does the attic have six to eight inches

of insulation? L L
14. Is an attic fan used in the summer? . .
15. Is the fireplace damper closed tightly when

not in use? . .
16. Are heating and cooling filters clean? L L
17. Is the thermostat set at 68° or below during

winter months? L L
18. Is the thermostat set at 78° or above during

~s4ymmer months? : - L

19. Is the thermostat adjusted at night? L L
20. Do thermostats indicate accurately calibrated

temperature settings? L L
21. Are Tights turned off when not needed? L L
22. Is the TV, radio, or stereo turned off when

not in use? _ -
23. Are ovens and burners turned off immediately .

after use? - .
24. Is the oven used to bake more than one food i

at a time? . L
25. Is the refrigerator thermostat set at +40°F? - L
26. Are gaskets around refrigerator and freezer

doors tight? . L

27. Is the frost on the refrigerator and freezer less
than %-inch thick?

28. Is the wateB heater t8mperature setting
between 120°F and 1407F? L L

29. Are all water faucets in good repair (not
leaking)? _ L

30. Do the residents take brief showers or use
a small amount of water in the tub?
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31.
32.

33.
34.

35.

36.

Are clothes washed only when there is a full load?

When washing clothing, is cold or warm water used
if possible? o

Are Jdishes washed only when there is a full load?

Are evergreens properly located around the outside
of the house to provide a break against cold winter
wind and shade against the hot summer sun?

Are deciduous plan..s located on the south of the
house to admit the winter sun and protect from the
summer sun? o

Is there a humidifier in the home?
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ACTIVITY 8 | HOME INSULATION

OBJECTIVE: TO HELP STUDENTS BECOME FAMILIAK
WITH THE TYPES GF INSULATION AVAILABLE, TH-IR
USES, ADVANTAGES, DISADVANTAGES, AND COSTS.
SCLENCE

r

—
|

Proper home insulation is one of the best way: 0 conse - energy and
save money. Before buying any insulation, tie consumer she. ¢ know three
important things:

1. VWhat the R-value of the insulation should be. R-vaiue is a number
that indicates how much resistance the insulation presents to heat
flowing through it. The bigger the R-valu@ number, the more ef-
fective the insulation. (See the Appendix for more infcrmation on
R-value.)

2. Vhat kind of insulation to buy.

Batts: ¢lass fiber; rock wool.

BTankets: glass fiber; rock wool.

Foam-in-place: ureaformaldehyde.

Loose fill (blown in): glass fiber; rock wool; cellulosic Tiher.

Loose fiil (poured in): glass fiber; rock wool; cellulosic
fit er; vermiculite; perlite.

Rigi ! board: extruded polystyrene bead board (expanded polvsty-
rene]; urethane board; glass fiber.

3. How thiek insulation should be. For the R-value of ea-=h type of
insulation, see_the Appendix.

Have students consult current literature, visit building .uoply companies
and contact organizations to learn about the use, cost, and installation
of insulation. Specifically, they should find answers to the following

questions:

1. What are the advantages and disadvantages of each kind of insulation?
2. What kinds of insulst s should be used in the house and where?

3. What is a vapor barrier? Why is it important?

4. What is the installation cost for each kind of 1nsulation?

5. What tools are needed to install insulation?
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6. What would be some good incentives to get people to better insulate
their homes?

7. What priority would ycu assign to insulating a hume as &« mear< of
saving money and energy?

CONTACT ORGANIZATIONS:

1. See "Insulation" in yellow pages of telephore book and cortact
dealers for specific information.

2. National Insulaticn Contractors Association, 8630 Fentorn Street,
"~ Suile 506, Silver Spring, Maryland 20910.

3. National Mineral Wool Insulatior Association, Inc., 2il E. 51s%
Street, New York, New York 10022.

4. Owens-Corning Fiberglas Corporation, Fiberglas Tower, Tuleds, Ohio
42659.
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' ACTIVITY 9 STORM WINDOWS AND DOORS
Arawa veen. wmm—m

o — :

P — —
OBJECTIVE: TO FAMILIARIZE STUDENTS WITH

L TH= TCSTS AND SAVINGS OF USING STORM
WInNDOWS AND DOORS., SCIENCE

—

Students can ask their parents to have a dealer come to their homes and
give them a cost estimate for installing storm windows and doors. If a
home already has storm windows and doors, the savings in fuel and money
should be determined by obtaining and analyzing utility bills one year
before and one year after the storm windows and doors were installed.

Some questions for students to answer include:

1. Over what period of time would storm windows and doors pay for
themselves? What factors must be considered?

2. Are storm windows more energy efficient than thermopane windows?

3. As a conservation technique, are storm windows and doors more
important than ceiling and wall insulation?

4. Why do storm windows steam up or show condensation?
CONTACT ORGANIZATIONS:

1. To contact a dealer, see "storm windows, doors, and windows" in the
yellow pages of the telephone directory.

2. Federal Energy Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.

3. Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th and
Union, Nashville, Tennessce 37216.
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ACTIVITY 10 YOUR UTILITY BILL

r—-

OBJECTIVE: TO FAMILIARIZE STUDENTS WITH
THE COST OF ENERGY IN THE HOME.

SCIENCE

I

several years, or the past full year, if possible. How much money is
spent each month for gas, water, and electricity?

electricity. Charts should illustrate the amount of the resource used and
the cost involved for each month. Past monthly records are available from
Tocal utility companies and may be used for comparison purposes.

future reference.

SUGGESTIONS :

Have students analyze utility bills sent to their homes for the past

Students may construct a chart for the monthly use of gas, water, and

Students should be encouraged to post the charts at home for the family's

CONTACT ORGANIZATIONS:

i. Show students hov to read gas, water, and electric bills and meters.
2. Have students 1:st ways to conserve gas, water, and electricity.

2. Point out the major changes in energy use which occur as seasons
change . .

4. Have students 1ist watts, amps, volts of all appliances in their homes

1. Your local power distributor or utility coupany.

2. Consumer Affairs, Tennessee Department of Agriculture, Ellington
Agricultural Center, Box 40627, Melrose Station. Nashville, Tennessee

37204.

3. Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.

Y

4. Utility Races and Se?bﬁtes, Tennessee Public Service Commission,
Cordell Huli Building, Nashville, Teniessee 37219.
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OBJELTIVE: TO ACQUAINT STUDENTS WITH
SPACE HEATING AN COOLING IN THEIR
SCHOOL BUITLLING. '

Take students on a tour of the heating and cooling plant at your school.
Obtain records of fuel use and costs over the past few years for compari-

son purposes.

an understanding of trends in fuel consumption and prices.

SUGGESTIONS:

1.

Have the person in charge of plant maintenance discuss day-by-day
operations of heating and cooling systems and have someone from
the administration discuss costs and projected plans.

You may wish to have a local heating and cooling system dealer
discuss alternative systems with the class.

Have students research and discuss the potential of using solar
energy for part of the water heating, spa: 2 heating, or air-condi-

tioning.

Questions might include:

1.
2.

What kind of energy is used?

What temperature settings are used? How much energy could be saved
by changing settings at night and on weekends? Is this being done?

Are the heating and cooling systems in good operating condition?
How does one determine the condition?

If the systems are not working efficiently, what must be done to
repair or replace them?

Who makes decisions relating to heating and cooling of the school?

In relation to the rising costs of fuels, is there a more efficient
method of heating and cooling?

These records can be used to prepare graphs which facilitate
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[, ke o ooy for th1e aTtermative syt

How long would it take to pay for this alternative system in fuel
savings?

8. What problems would be encountered in purchasing, installing, main-
taining, and operating alternative heating and cooling systems?

CONTACT ORGANIZATIONS:

1. Educational Facilities Laboratories, Inc., 850 Third Avenue,
New York, New York 10022.

2. School Planning Laboratory, College of Education, The University of
Tennessee, 19 Claxton Education Building, Knoxville, Tennessee 37916.

3. School Plant Operations, Tennessee Department of Education,
117 Cordell Hull Building, Nashville, Tennessee 37219.

4. See "Heating" or "Heating Contractors" in the yellow pages of your
telephone directory.
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ACTIVITY 12 ENERGY FLOW THROUGH A FOOD CHAIN

OBJECTIVE: TO HELP STUDENTS UNDERSTAND
HOW ENERGY FROM FOOD IS USED, TRANSFERRED,
AND LOST, ™~ ' SCIENCE

Discuss with students such terms as: food chain, producer, consumer,
decomposer, respiration, biomass, trophic level, food pyramid, metabolism,
and Calorie. Students should know why chemical energy available in 1ife
proce:ses is constantly decreasing through the food chain.

Specifically, students should:

1. Be able to construct a simple food chain and describe how energy
i3 passed along it.

2. Know the extent to which green plants absorb the sun's energy.

3. Know that most energy used in life processes of the plant is
expended in respiration.

4. Know the Calories contained in some of the more common foods. L
5. Know how energy is dissipated to maintain body metabolism.

6. Understand how energy is lost as it is passed along each trophic
level.

7. Know how man, through the agricultural processing of foods, loses
or wastes significant amounts of energy.

CONTACT ORGANIZATIONS:

. Local Agricultural Extension Service; Home Economics or Agriculture
agpartments at nearby colleges or universities.

REFERENCES:

See biology and ecology textbooks in school 1ibrary.
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ACTIVITY 13 THE NUCLEAR REACTOR

p—

OBJECTIVE: TO HELP STUDENTS DEVELOP AN
UNDERSTANDING OF THE NUCLEAR REACTOR AND
ITS POTENTIAL FOR PRODUCING ELECTRICITY. SCIENCE

The nuclear reactor is a device for the controlled fission of a fuel
(uranium and thorium). Nuclear fission occurs when heavy atoms, on being
struck in the right way by a subatomic particle called a neutron, split
into two or more fragments and release energy in the process.

Have students conduct library research and contact organizations to learn
about the operation of a nuclear reactor and its potential use in the
future. Students should obtain answers to the following questions:

1. What are the components of the nuclear reactor system? How does the
system operate?

2. How efficient is the nuclear power plant in comparison to the fossil-
fueled plant?

3. Does nuclear energy compete eccnomically with other forms of energy?

4. What are the most serious dangers involved in the production of
nuclear energy?

5. What are the major kinds of safety systems built into the nuclear
power plant?

6. What is the "emergency core cooling system" in a nuclear reactor?
Explain.

7. How is radioactive waste transported, stored, and disposed of?

8. How do thermal discharges from the nuclear power plant affect the
life cycles of aquatic plant and animal 1life?

9. Can we afford to bypass the construction of more nuclear power plants
for cleaner and safer means of generating electric power? If so,
what are the best alternatives to nuclear power?

10. What agency approves the licensing of a nuclear power plant?
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11.

12.
13.
14,
15.

16.

How many nuclear power plants does TVA now have under construction
in Tennessee? Where are these plants located? How many plants
does TVA plan to build during the next 10 years? Where will these
plants be located?

What criteria does TVA use to select sites for nuclear plants?

What is a nuclear park?
What is the Price-Anderson Act? Explain.

Where are known reserves of uranium located in the United States?
In other countries? How long would uranium reserves in the United
States last based upon present consumption rates? Could the
breeder reactor greatly extend uranium supplies? If so, how? To
what extent does the United States sell uranium to foreign coun-
tries? Why is this done? Does the United States import uranium?

What is a nuclear reprocessing plant and how does it function?

CONTACT ORGANIZATIONS:

1.

10.

Clinch River Breeder Reactor Plant Project, P.0. Box U, Oak Ridge,
Tennessee 37830.

Energy Research and Development Administration, 20 Massachusetts .
Avenue, NW, Washington, D.C. 20545.

Nuclear Regulatory Commission, Washington, D.C. 20555.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.

East Tennessee Energy Group, 1538 Hichland Avenue, Knoxville, Ten-
nessee 37916. _

Tennessee Energy Office, Suite 250, Cap. .1 Hill Building., 7th
and Union, Nashville, Tennessee 37219.

Tennessee Environmental Council, P.0. Box 1422, Nashville, Tennessee
37202.

Tennessee Friends of the Earth, Box 12489, Nashville, Tennessee 37212]

Tennessee Citizens for Wilderness Planning, 130 Tabor Road, Oak Ridge,
Tennessee 37830. ‘

American Association for the Advancement of Science, 1515 Massachusett
Avenue, NW, Washington, D.C. 20036.
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11. American Nuclear Society, 244 East Ogden Avenue, Hinsdale, I1linois
60521.

12. Atomic Industrial Forum, Inc., 475 Park Avenue South, New York,
New York 10016. ’

13. National Intervenors, 153 E Street, SE, Washington, D.C. 20003.

14. Scientists' Institute for Public Information, 49 East 53rd Street,
New York, New York 10022.

Field Trip Sites:

15. American Museum of Atomic Energy, P.0. Box 1:7, Oak Ridge,
Tennessee 37830.
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| ACTIVITY 14 AN ENERGY RESOURCE CENTER

3

—

OBJECTIVE: TO PROVIDE STUDENTS WITH AN
OPPORTUNITY TO WORK WITH ENERGY EDUCATION/
CONSERVATION INFORMATION . SCIENCE

Have students begin an Energy Resource Center (uKC) for the school.
Locate it in the libraryv or a classroom. This project would require at
least one semester--perhaps an entire school year. It is related to
“Activities 38 and 43. Some tasks would include:

. Develop a vertical file system which contains timely information on
such topics as energy production, energy consumption, environmental
problems, energy economics problems, alternate energy sources, and
energy conservation measures.

2. Compile a bibliography of available school and community print and
nonprint materials on energy.

3. Provide copies of a current listing of institutions and agencies
which can provide information on energy.

4. Write to local, state, and federal agencies explaining the ERC and
requesting assistance and material.

5. Compile a list of community leaders who can spéak on energy topics.

6. Make energy information available to students, teachers, parents, and
community members. . _

7. Prepare a work schedule for students who will assist in the center--
perhaps with the school librarian as the supervisor.

CONTACT ORGANIZATIONS:

1. Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th and
Union, Nashville, Tennessee 37219.

2. Environment Center, The University of Tennessee, South Stadium,
Knoxville, Tennessee 37916.

3. Federal Energy Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.
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4. Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

5. Oak Ridge National Laboratory, P.0. Box X, Oak Ridge, Tennessee
37830.

6. Center for Energy Information, 340 East 51st Street, New York,
New York 10022.
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il ACTIVITY 15

N ENERGY EDUCAT ION LESSON'PLAN FOR

A |
ELEMENTARY SCHOOL STUDENTS. |

r

OBJECTIVE: TO GIVE HIGH SCHOOL STUDENTS THE
OPPORTUNITY TO PREPARE AN ENERGY EDUCATION
PROGRAM AND PRESENT IT TO YOUNGER STUDENTS, SCIENCE

Have students develop a mini-course for use in an elementary school.
After the students have developed the course content and practiced giving

- a8 few presentations, they could teach the course in a formal classroom

situation or use it with other community youth groups. Students will need
assistance in collecting or making slides ur photographs, developing trans-
parencies, designing posters and bulletin boards. Some topics of impor-
tance include:

1. What is energy?

2. Where does energy come from?

3. What are fossil fuels?

4. How do coal-fired, hydro, and nuclear power plants operate?

5. How does the development of energy resources affect the environment
and our standard of living?

6. What are the most important ways for the individual to conserve
enerqgy?

7. What does the term "energy conservation ethic" mean?

CONTACT ORGANIZATIONS:

1. Energy and Man's Environment, 0224 S.W. Hamilton, Suite 301,
Portland, Oregon 97201.

2. Environment Center, The University of Tennessee, South Stadium Hall,
Knoxville, Tennessee 37916.

3. Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th and
Union, Nashville, Tennessee 372i9.

4. Natijonal Science Teachers Association, 1742 Connecticut Avenue, NW,
Washington, D.C. 20009.

5. Your own school library.
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1§ ACTIVITY 16 PLANTS AND ENERGY CONSERVATION

—

OBJECTIVE: 70 FAMILIARIZE STUDENTS WITH

THE INFLUENCE VEGETATION ON THE SCHOOL

GROUNDS CAN HAVE ON ENERGY CONSUMPTION IN SCIENCE
THE SCHOOL BUILDING.

r

ﬂ

Have students survey the school yard for trees and other vegetation that |
aid in conserving enercty in the school building. Plants can provide shade
rrom direct rays of <t: or intercept radiation from a surface such as a
parking lot. Certain plants also control wind by stopping, diverting, or

slowing it down.

Students should survey south, east, and west sides of the school building
for exposure to the sun. Are there large trezes that necd to be protected
from disease and maintained because of the shade they provide? Cfould addi-
tional trees be planted? What kinds? Where and why?

Deciduous trees, because they lose their leaves in the winter, provide
shade in the warm months and allow the sun to warm the building during the
cold months. Some vines grow fast and can provide protection in one sea-
son. Evergreens provide continuous wind protection zrcund entrances and
bus stops. Which are the best spots for the two types of trizes and shrubs?

An expert from a local nursery (or a landscape architect) can assist in
preparing a master plan for planting around the school.

CONTACT ORGANIZATIONS:

1. Contact a local rursery {see yellow pages in the telephone directory)
or a professional landscape architect for assistance, or local college

students <tudying the subject.
2. U.S. Department of Agriculture, Wash'ngton, D.C. 20250.

3. Federal Energy Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.

4. Tennessee Department of Agriculture, Ellington Agricultural Center,
Box 40627, Melrcse Station, Nashviile, Tennessee 37204.

‘,.,.',"
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Agricultural Extension Service, P.0. Box 1071, Knoxv:lle, Tennessee
37901.

Division of Forestry, Tennessee Department of Conservation, 2611 West
End Avenue, Nashville, Tennessee 37203.
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POLLUTION, RESOURCE USE, AND COST

ACTIVITY 17

OBJECTIVE: TO HELP STUDENTS UNDERSTAND HOW
POLLUTION CAN CHANGE THE VALUE OF RESOURCES
AND INCREASE COSTS OF A PRODUCT OR SERVICE, SCIENCE

Have the students assume that there are two in ustries located along a
river. The industry located upstream is 3 pape:.1ill which discharges
certain wastes directly into the river. The second industry, located down-
stream, is an electric power plant. If the papermill were not upstream,
the electric power plant could use the river water for cooling purposes
with vary little or no treatment, but by discharging waste directly into
the river, the papermill has shifted some of the costs of producing paper
(treating polluted water) onto the electric power plant. Even though the
electric power plant hasn't polluted the water upstream, it must pay to
clean up the water. On the other hand, the electric power plant is dis-
charging heated water and changing the ecolog” of the river.

Questions the students should consider include:
1. For what purpose does the papermill use the river water?
2. For what purpose doe~ the electric power plant use the river water?

3. wnat action, if any, cc.ld owners of the electric power plant take
against the ownurs of the papermill?

4. How could the managers of the electric power plant determine their
costs of treating the polluted water released by the papermill?

5. How does the electric power plant recover its costs for water
treatment?

6. What should the owners of the .lectric power plant do about the
neated discharges into the river?

7. If the papermill is allowed to use the river as a "free" dumping
ground, will the cost of paper be cheaper?

8. If the paperm11 treated its waste water before releasing it, would
this result in a significant increase in thc cost of paper?

9. What competitive advantage is given to a papermill that doesn't
have to troat its waste water over a papermill that does?
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10. Who ends up paying for pollution caused by the papermill or
electric power plant?

11. If you do not drink, fish, swim, or boat in the river, should you
care about what is discharged into it? Why? How does clean water
in the river benefit you?

12. Suppose the situation were reversed--with the papermill downstream
from the electric power plant. Would the answers to any of these
questions be different? Why or why not?

13. ~§ubpose the papermill were required to discharge its wastes

upstream from where it was located. Why and how do you think
the papermill would change or not change its operations?

CONJACT ORGANIZATIONS:

1. Bureau of Environmental Health Services, Tennessee Department of
Public Health. 344 Cordell Hull Buildir~ Hashville, Tennessee 27219

2. Environmental Protection Ageac,, 48 reet, SW, Washington. D.C.
20461.

3. Tennessee Valley Autr:rity, 20 Commerce Aventia, Knoxvrlle, Tennessee
37902.




DETERMINING PRIOI.TIES: Ai . JATIVE
L RICITY

gt

"y W Y

ACTIVITY 18 METHODS OF GENERATING

-OBJECTIVED T HELP STUDENTS DEVELOP AN
UNDERSTANDING G~F THE MANY FACTORS INVOLVED
IN DETERMINING PR{JRITIES FOR FUNDING, SCIENCE

Have students study the listing given below of alternative methods of
electric power generation. After considering existing or available tech-
nologies and the economic, social, and environmental costs and benefits
(advantages/disadvantages) of each method, they should then rank the items
in order of their importance for receiving research and development funds.

Students should be able to defend their rankings.

Rans Items Acccr ling to Importance: (I=Most Important; 1l=Least Important)

____Hydroelectric
i1
____Nuclear

__Refuse (resource energ )
___ Coai
___Wind
____Nuclear (fusion)
____Ocean (tides, currents)
____Natural Gas
____Solar

____Geotherma?

CONTACT ORGANIZATIONS:

1. Energy Research and Development Admi.istration, 20 Massachusetts
Avenue, NW, Washington, D.”. 20545. ’
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OBJECTIVE: TO HELP THE STUDENT GAIN AN

UNDERSTANDING OF ENERGY DEMAND AND SOME

COMMON HOUSEHOLD ELECTRICAL ITEMS WHICH SOCIAL STUDIES
INFLUENCE LIFESTYLES.,

Have the students complete the LIFESTYLE SURVEY FORM which has been de-
veloped for this activity. Tally class results and make these available
to the students. The LIFESTYLE SURVEY FORM can also be used with family
or community members.

After completing the LIFEZTYLE SURVEY FORM, students shouid give con-
sideration to the following questions:

1. What do the terms "energy demand," "1i‘estyles," "standard of living,"
and "quality of 1ife" mean?

2. How many electrical items are there in their homes and which ones,
if any, would they be willing to give up? Can the "good things" of
1life, associated with energy, be obtained in other ways? ™“ith cor
siderably less energy? Would such a change cost more or 3rss?

3. To what extent do they value material things? Which are hinh'y
important and which are not terribly important?

4. How do their feelings toward matérial ...+« differ from those of
their parents?

5. How much electricity does the average .= _7n or hun2owner use per
year?

6. Is there some minimal level of energy consumption to which every
individual has a rignht?

7. Does the government have any right to determine sAow or for what
purpose the individual uses the energv availahle to him? On the -
other hand, does the government have a right ¥~ force individuals
to give up land for a coal mine or power plant .. transmission line
or waste disposa’ site? }
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CONTACT ORGANIZATIONS:

1.

Tannessee Municipal Electric Power Association, P.0. Box 611,
Brentwood, Tennessee 37207.

American Home Economics Association, 2010 Massachusetts Avenue, NW,
Washington, D.C. 20036.

Consumer Federation of America, 1012 Fourteenth Street, NW, Suite 901
Washington, D.C. 20005.

National Association of Electric Companies, 1140 Connecticut Avenue,
NW, Washington, D.C. 20036.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.

Your local utility or electric power distributor.
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LIFESTYLE SURVEY FORM

Name :

Date:

Place an X in the columm whici: best describes your feell  about .ivive
up a particular item, . '

ELECTRICAL Do ) ]
APPLIANCE OR Not Very | With Some | With Great )

ITEM * Have Easily | Difficu'ty | Difficulty | Impossibid

[Radio

[Stereo

rir Condi tion-
ing (at home)
ir Condition-
ing (at work) - . |
Electric Fan : ,ﬂ |
CTock
Freezer

Lypewri ter

Copy Machine |

Water Heater

ower Tools

Refrigerator

l ron

Dishwasher

Flectric Mixer
orbel )

lTectric Stove

Hair Dryer

Flevator

Toaster

Tectric Blanket

Gar-tage Disposal

Blender

ights

Clothes Washer

Electric Guitar A
elephone »

ewing Machine -

frashmasher
fectric Curlers

CoTor TV ! B _ ]
B/W TV

47 "ric Jonthbrush

i .unes Dryer

& wt etk

*Add any other “tems you may have in your home.
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ACTIVITY 20 HOME ENERGY INDEPENDENCE

SRR

OBJECTIVE: TO ENCOURAGE CREATIVE THINKING ON

ALTERNATIVE WAYS OF PRODUCING ENERGY,
SOCIAL STUDIES

‘T

Not too many years ago families were relatively independent as far as
their energy production was concerned. They heated with a wood or coal
stove and used kerosene lamps for lighting. Some people advocate returning
to greater energy independence through the use of self-contained solai’,
wind, and hydro technologies. Returning to this type of energy indepen-
dence might reduce the need for some large power plants. Students should
seek answers to the following questions:

1. What are the advantages and disadvantages of producing energy in
regional power plants versus individual or neighborhood units?

2. What would be th2 major political problems in changing from regional
power systems to the individual or neighborhood units?

3. What are _he major technological, social, economic, and environmental
problems in emphasizing individual resourcefulness in producing
energy?

4. What a-e some of the legal constraints faced by those who want to
develop their own energy systems?

5. Does using mor~ energy necessarily result in a better quality of
lifa and happiness?

How practical are solar and wind energy technologizs for Tennessee?

wy
.

7. To what extent could the use of solar and wind energy technoicgies
(combined with active energy conservation) affect national industrial
growth, development, and employment rates?

3. What should the government's role be in energy resource development
and conservation?
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CONTACT ORGANIZATIONS:

1.

10.

11.

12.

13.

14.

Energy Research and Development Admiristration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Environmental Protection Agency, 401 M Street, SW, Washington, D.C.
20460.

Federal Energy Administrati~n, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.

Tennessee Valley Authority, 400 ™ © 1 Avenue, Knoxville, Tennessee
37902.
Bureau of Environmental Health & ., fennessee Department of

Public Health, 344 Cordell Hull Building, Nashville, Tennessee
37219.

Tennessee Energy Office, Suite 250, Canitol Hil1l Building, 7th and
Union, Nashville, Tennessee 37219.

American Asz:ociation for the Advancement of Science, 1515 Massa-
chusetts Avenue, Nw, Washington, D.C. 20036.

American Nuclear Society, 244 £. Ogden Avenuz, Hinsdale, I1linois
60521.

Consumer Federation of America, 1012 Fourteenth Street, NW, Suite
901, Washington D.C. 20005.

Solar Energy Industries Association, 1001 Connecticue Avenue, NW,
Suite 632, Washington, D.C. 20036.

Wind Energy Society of America, 1700 E. Walnut Street, Pasadena,
California 91106.

Alternate Sources of Energy, Inc., Route 2, Box 90A, Milaca,
Minnesota 56353.

Mother Earth News, 105 Stoney Mountain Road, Hendersonville,
North Carolina 28739.

Organic Gardening, Rodale Press, Emmaus, Pennsylvania 18049.




OBJECTIVE: TO FAMILIARIZE STUDENTS WITH
ENERGY CONSERVATION EFFORTS BY AND INTERESTS
OF CITIZEN GROUPS IN TENNESSEE, SOCIAL STUDIES

Have students contact various civic, environmental, and conservation
organizations across the State to determine whether they have energy con-
servation programs and the nature of them. Some questions for students

to ask include:

1.

What kinds of energy conservation programs are sponsored by citizen
groups?

For what target groups have the energy conservation programs been
developed? ,

How effective have citizen groups beern as advocators of energy
conservation?

How can you participate in these groups? How zan you help develop
programs ? :

Are most of the citizen groups in Tennessee actively committed to
energy conservation?

What industries would you expect to push for conservation? What
industries would you expect to give their attentior to selling more
energy rather than seriously promoting conservation?

CONTACT ORGANIZATIOQNS:

1.

Your local Development District Office, Chamber of Commerce, and
League of Women Voters will be able to provide names and addresses
of organizations to contact (see telephone directory).

Environment Center, The University of Tennessee, South Stadium Hall,
Knoxville, Tennessee 37916.

Tennessee Conservation League, 1720 West End Avenue, Suite 600, Nash-
ville, Tenne<see 37203.

Tennessee Energy Office, Suite 250, Capitol Hill Bui.ding, 7th and
Union, Nashville, Tennessee 37219. )
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Tennessee Environmental Council, P.0. Box 1422, Nashville, Tennessee
37202.

Tennessee Citizens for Wilderness Plannixg, 130 Tabor Road, Oak
Ridge, Tennessee 37830.

East Tennessee Research Corporation, Jackshoro, Tennessee 37757.

East Tennessee Energy Group, 1538 Highland Avenue, Knoxville,
Tennessee 37916.
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AN ENERGY FAIR ||

CLIIRAN L5

OBJECTIVE: TO GIVE STUDENTS THE OPPORTUNITY
TO PROVIDE A HIGH IMPACT ACTIVITY ON ENERGY
CONSERVATION FOR THE SCHOOL AND COMMUNITY, SOCIAL STUDIES

J

—

Have students organize and conduct an "Energy Fair" one weekend. Throu_ :
a steering committee composed of students from a class, club, or student
council, solicit assistance from students and teachers in the various sub-
ject areas (social studies, science, home economics, drivers education) at
your school.

Social studies students could illustrate a history of individuals and
events involved in energy development; a history of energy consumption pat-
terns; a pictoral display of factors that led to our present energy prob-
lems; and a 1ist of governmental agencies and institutions with responsi-
bilities for developing energy resources. A list of energy education/con-
servation materials would be of value to students, teachers, and citizens.
Determine what agencies and institutions already have materials that could
be distributed at the Fair.

Science students could prepare "fact sheets" on energy production and
possible economic and ecological trade-offs; exhibit some basic energy
concepts such as photosynthesis; prepare displays on solar cells, wind
mills, electric motors, and insulation materials. An exhibition of careers
related to energy development would also be of value to students and

parents.

This activity will be more successful if some source of funding assis-
tance can be located througi: civic groups, local merchants, or the Chamber
of Commerce. The Chamber of Commerce can assist with finding locations for
holding the "Energy Fair" (perhaps a Tlarge shopping mall which regularly
has exhibits). .

CONTACT ORGANIZATIONS:

1. Tennessee Energy Office, Suite 250, Capitol Hill Building, 7th and
Union, Nashville, Tennessee 37219.

2. Environment Center, South Stadium Hall, The University of lennessee,
Knoxville, Tennessee 37916,

3. Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessce
37502.

J
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Tennessee Environmental Council, P.0. Box 1422, Nashville, Tennesseé
37202. - e

Federal Energy Administration, 12th and Pennsylvan1a Avenue, NN
Nash1ngton, D.C. 20461.

Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Concern, Inc., 2233 Wisconsin Avenue, Washingten, D.C. 20007.
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[} ACTIVITY 23 ~ SOCIOECONOMIC PROBLEMS AND ENERGY [§

FZ- : R
OBJECTIVE: TO FAMILIARIZE STUDENTS WITH

SOCIAL AND ECONOMIC ASPECTS OF ENERGY
CONSUMPTION, ) . SOCIAL STUDIES

F_

It is reasonable to assume that prices for natural gas, oil, and elec-
tricity will continue to rise. Students should study price trends over
the last 25 years and make forecasts on future plausible prices through
the year 2000. Specifirally, students should:

1. Determine tine past and present prices for natural gas, oil, and
electricity.

2. Estimate possible future costs of natural gas and oil based upon
availability and past trends.

3. Determine what sector (low-, middle-, upper-income) will be afiected
most by increased prices.

4. Determine what percentage of the family income is spent on energy.
Does it vary by income bracket or remain constant?

5. Determine what can be done to help people cope with rising fuel
costs.

6. Determine what sectors (low-, middle-, upper-income) would be more
likely to conserve energy and why.

7. Propose some energy conservation ideas for low-income.families.

CONTACT ORGANIZATIONS:

1. Your local utility or electric power distribtutor.

2. Energy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

3. Federal Energy Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461.

4. Federal Power Commission, 825 North Capitol Street, NE, Washington,
D.C. 20426.
97
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_:Q;Rural Electr1f1cat1on Adm1n1strat1on, Department of A:r1cu1ture, idﬁn
" "'Room 4053-S, Washington, D.C.. 20250 PRSI -

foTennessee Valley Author1ty, 400 Commerce Avenue, Knoxv111e, Tennesse--ff
*37902 o , U I B

“»I.'Tennessee Department of Public Health, 344 Cordell Hu]] Bu11d1ng, = o
»,Nashv111e, Tennessee 37219. ,

- Tennessee Energy 0ff1ce, Suite 250 Cap1f01 H111 Bu11d1ng, 7th and
'Un1on, Nashv111e, ‘Tennessee. 37219, S o

. 0ff1ce of Management and Budget Energy and Sc1ence D1v1s1cn Execu-'
- tive Bu11d1ng,vwash1ngton, D.C.  20503. T

10. 2ner1can Gas Assoc1at1on, 1515 w1lsqn Bou]evard Arlungton, V1rg1n1a
- 22209, ' o . , _

- 11. American Petroleum Inst1tute, 1801 K St reet NH, Wash1ngton, N.C.
20006 L

.......
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OBJECTIVE: - TO HELP STUDENTS DEVELOP AN
UNDERSTANDING OF POPULATION GROWTH AND
ITS EFFECT ON RESOURCE CONSUMPTION, _ SOCIAL STUDIES

As the population of the United States and world increases, more stress
is placed on our limited natural resources. Here in the United States,
- ou~ population is growing by about 1.7 to 2.5 million people annually. Al-k
though we comprise less than six percent of the world's population, Ameri-
cans use over one-third of the world’'s resources and energy.

Have students conduct research and contact organizations to learn more
about the population situation in Tennessee, United States, foreign coun-
tries, and the world. Specifically, students should obtain answers to the:

following kinds of questions:

1. What is the approximate population of Tennessee?. Of the Uhited
States? The world? How fast is the population increasing in each
of these? ‘ :

2. What is population control? What are the major problems in trying
to control population growth?

3. Is there any difference between birth control and population
control? Explain.

4. What is the meaning of zero population growth?

5. Approximately how much money does the United States government spend
each vear on population research?

6. What would you believe to be the most important components of a na-
tional population policy (e.g., population size, rate of growth,
distribution, etc.)?

7. What would be the advantageé and disadvantages of a national popula-
tion policy?

8. Should government have the right to limit the number of pecple who
can live in a given area (community)? Explain.

cH]




]ﬁvgaverage 1ncome in the Un1ted States to that ronsumed bVia:benson
.. with-an average. income in Chinai. in. Indiay in- the USSR“ »Cons1der
‘g;bas*cs l1ke energy, food c]oth1nq, and she]ter.

ag"jLZEro Popuiat1on Growth 1346 Connect1cut Avenue, N
o D C 20036 L7 . . e

- D . 20036

i'The Popula.1on Inst1tute, 110 Many]and Avenue, NE wash1ngton, D C
20002, : . , ST SR Lo

*" ffNor1dwatch Instntute; 1776 Massachusetts Avenue, Nw3
'-:'D,C.- 20036 :

- 0ff1ce of Popu]at1on Affa1rs, Department of Hea]th Education.
-and Welfare, 330 Independence Avenue, sw Wash1ngton, D.C ‘?20201

'Your !oca] Planned Parenthood chapter..l’




b ACTIVITY 25 U.S. DEPENDENCE ON FOREIGN OIL

R

OBJECTIVE: TO HELP STUDENTS DEVELOP AN
UNDERSTANDING OF THE EXTENT TQ WHICH WE
DEPEND ON FOREIGN COUNTRIES FOR OIL. SOCIAL STUDIES

During October of 1973, the Arab members of the Organization of Petro-
leum Exporting Countries (OPEC) placed an embargo on the flow of oil to
the United States. This caused a domestic shortage and served as a force-
ful reminder of our dependence on foreign oil.

- Have students conduct research and comtact organizations to learn more
h about our dependence on foreign oil. Answers should be obtained for the
following questions:

1. What is the Organization of Petroleum Exporting Countries (QPEC)?
What countries belong? What power does OPEC have?

2. Why did the Arabs impose an o0il embargo on the United States in 1973?

3. Was the domestic shortage of 0il during the embargo “created" by
0oil companies? Explain.

4. What ccaservation measures did the United States government take as
a resuit of the embargo (e.g., 55 mile speed limit)?

5. To what extent did the Arab embargo cause unemployment in the United
States and affect the gross national product (GNP)?

6. To what extent did United States fuel consumption drop between 1973
and 19747

7. Has fuel consumption dropped or increased between 1974 and 19757

8. Has fuel consumption since 1973 declined as rapidly in the U.S. as it
' has in many other developed countries? Explain.

9. How many million barrels of gasoline are used in the United States
every day?

10. How much o0il was imported into the United States in 1975? 19747
19737 19727 1971? 1970? 1969? 19687 How wac tnis oil used
among the various sectors (e.g., residential, transportation, indus-
try, etc.)?
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"3.].Has the nat1on s energy s1tuat1on worseneils1nce 197337

17,

{;j'ﬂls ‘the Un1ted States current]y more, vulnerabTe to an embaigo‘than
f,&31t was. dur1ng the 1973-1974 stoppage’

,.iiwhat year d1d o11 extrart1on peak 1n the continenta] Unltedd_tates?
‘9f15ﬁj BT
- Nhat kinds of setbacks could s]ow th1s down?

. renewab]e energy resources’

_gpendence? By what year?

Bt

.gff?féi;;°ln approx1mate1y what year is world 011 product1on expectedtto peak?i

_4'\: ) ‘, s 23 .f;
R for nat1ona]121ng the oi? conpan1es?

CONTACT ORGANIZATIONS

wwhat does "free enterpr1se" nean’

PP v,a_;-‘

A rox1mate1y how much does a barre] of 1mported-o1] currently: cos
the Un'ited States? . s ‘

Exp]aii

To what. extent does the Uniteu States current]y'depend upon. f?j”vv

How does the Un1ted States government p]an to attaln energyi1nde-v

What 5h°”]d the government's ro]e be i in developwng energy resourcesf‘
The ro]e of the private sector (1ndustry)7 _tv

Has the Un1ted States government made a maJor effbrt t conserve
energy, part1cu1ar]y o11? e ST T o o

1Does energy conservat1on mean "going w1thout"7 L

What would be the advantages and d1sadvantages'o. breaking a*gf;;ﬁff'

. f5Amer1can Petroleum Inst1tute 1801 K Street, Nw wash1ngton, D CJ
',,}20035 'j‘ L s _._.vW,‘Mm” .

o ,4Energy Research and Deve]opment Adm1n1strat1on 20 MassachusettsffTEJTJFSQ

" Avenue, N, Nash1ngton D.c. 20545 TR

.;jAmer1can Enterpr1se'Inst1tute, Natura] Energy Proaect,
-teenth Street ‘NW, Nash1ngton, D C 20036 =

Federal Energy Adm1n1strat1on,‘12th and Pennsylvania,Avenue,JNNv,ﬁ
Hashington, D C.. 20461 e v SRR

}115@f§evena;:;f;g‘.

V'H7Soc1ety of Independent Gaso]1ne Marketers of" Amer1ca, 230 South ?gfff;(
‘-;Bem1ston Suite 909, sSt. Lou1s M1ssour1 63105 - N
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. ENERGY PRODUCT LON. AND HASTE

fﬁOBJtCTIVE" TO HELP STUDENTS DEVELOP AN | L
- UNDERSTANDING OF THE COSTS AND*BENEFITS S T
- OF UTILIZING WASTE TO PRODUCE OR CONSERVE © . SOCIAL STUDIES - | ..
- ENERGY. e

— S ———————— e —— m——

Have students detern1ne how the comnun1ty is . d1spos1ng of 1ts solid f, iﬁ';;u
waste and the potential for using it to .generate eTectr1c1ty or produce a
fue] - Specifically, the students should: . , .

1. Find out what agencies are. respons1b1e for sol1d waste management at:
local, state, and national levels. .

2. Determ1ne whether ex1st1ng fac1]1t1es are adequate
3. Learn the d1fference between an “open dump" and ‘a "sanitary 1andf1]1
4. Learn about alternative methods of waste d1sposa1 {e.g., utilizing

waste to generate electricity, us1ng ]eaves and tree cuttfngs for
mulch, etc.) .

5.' Learn about the benefits and prob]ems'of recyc]ing wastes.

CONTACT ORGANIZATIONS:

1. Tennessee Department of Conservatwon, 2611 West End Avenue Nashville
Tennessee 37203. :

2. Solid Waste Management Office, Bureau of Envvronnenta1 Hea]th Ser-
vices, Tennessee Department of Public Health, 344 Corde]l Hutl
Building, Nashville, Tennessee 37219.

3. Energy Research and Development Adm1n1strat1on 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

4. Environmental Protection Agency, 401 M Street, SW, Washington, D.C.
. 20460.

5. Federal Energy Administration, 12th and Pennsylvania Avenue, NW,

Washington, D.C. 20461. - f
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,ennessoeiVa11ey;Authority, 400;Commerce Avenue,

Tennessee
37902 I Ea gt

at1ona1"Center fbr Resource Recovery, 1211 Cannectic"t Avenue,
2Nw wash1ngton, D. C 20036 T o :

Aruitoxt provided by Eic:



RETAIL MERCHANTS AND ENERGY CONSERVATION ]

Lo S R

il Activity 27

. s

OBJECTIVE: TO PROVIDE STUDENTS WITH AN
INSIGHT INTO THE RESPONSE OF LOCAL MER-
CHANTS ON THE NEED FOR EMERGY CONSERVATION., SOCIAL STUDIES

[ - -

Students should use the Department Store Energy Audit Form developed for
this activity to conduct a survey in a local department store._ This should
be done with permission and cooperation of the store manager or a person
designatzd to work with the students. Information obtained from the survey
should be used in preparing a recommended energy conservation plan for the
department store. S*udents should be quite familiar with all items on the
form and be equipped with quantitative information of interest to the store
operator (e.g., effects of thermostat setback).

Another activity would be to have students revise the attached form for
use with public buildings, hospitals, grocery stores, or dairies. Interest-.
ing comparisons could be made between any two or more of these situations.
Questions to consider would include:

1. Which one should receive highest priority in times of energy curtail-
ment?

2. How much energy is required to keep a hospital functioning? What

happens if power is cut off or curtailed? Which, if any, other
community facilities face similar situations in case of emergency?

CONTACT ORGANIZATIONS:

1. Your local Chamber of Commerce may be able to help locate store
managers who would cooperate in this Activity.

2. U.S. Department of Commerce, 15th and E Streets, NW, Washington,
D.C. 20230. :

3. Environment Center, Thé\University of Tennessee; South Stadium Hall,
Knoxville, Tennessee 37916.

4. Tennessee Energy Office, Suite 250, Capitol Hi1l Building, 7th and
Union, Nashville, Tennessee 37219.
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" DEPARTMENT STORE ERNERGY AUDIT FORM T U o

| sore wawe:
 ADDRESS5 |

1. Student's Name:

| Method(s) of Heating and Cooling:

-A:*Does the store own the building? Explain why it matters.

Are energy purchases (types and amounts of fuel used) con-
tro]]ed by the store operator/manager? Explain.

A

1. Is thermostat setting for cooling 78°F or higher?

2. Is~thennostat-settingvfor heating 68°F:§r(10wer?

3. Where possible, is outside air used to control
temperature?

4. Is the thermostat adjusted.during non-selling hours?

5. Are all heating/cooling systems regularly in-
spected? '

~S, Are doorways and windows closed when heating/
cooling equipment is operating?

7. Is weatherstripping and caulking evident around
doors and windows?

8. Are disp]éy items (dishwashers, lamps, small ap-
pliances) turned on only by request and not left
on?

9. Is cleaning done during store hours? (After
hours requires additional energy.)




0‘. :\ . )
not:
_ appl,

: 'Is ‘-d1sp1ay hghtmg reduced to a m
’ when the sto“e 1s c]osed? e

Aruitoxt provided by Eic:



§ ©e AN ENEReY. CONSERVATION-canpaten ||

| oBJECTIVE: .TO PROVIDE VARIOUS MEMBERS OF
“THE COMMUNITY WITH USEFUL INFORMATION ABOUT . R
ENERGY PROBLEMS, SOLUTIONS, AND CONSERVATI | - 1
TECHNIQUES, - SOCIAL STUDIES -

" Have students plan, organize, and conduct a community-wi de educational- .
campaign for energy conservation. Specifically, students should include - '
the following: ' : K

1. Provide homeowners with carefully reasoned energy conservation tips
(cooking, heating, cooling, insulation, thermostat control, night
setback, reduced lighting, carpooling, vanpooling).

2. Collect and/or prepare energy conservation materials for citizens or
community business and government leaders in the residential, commer-
cial, industrial, transportation, agricultural, and governmental
sectors.

3. Ordanize a program to train students how to conduct home energy
audits. ‘

4. brganize a speakers' bureau of both experts and 1ayhen who wf]]
voluntarily make energy conservation presentations.

5. .Inform citizens about the advantages and disadvantages of developing
alternative energy resources.

6. Organize an energy conservation awards program for students and
homeowners.

CONTACT ORGANIZATIONS:

1. Tennessee Enerjy Officé, Suite 250, Capitol Hill Building, 7th and
Union, Nashville, Tennessee 37219.

| 2. Environment Center, The University of Tennessee, South Stadium Ha]T,
Knoxville, Tennessee 37916. '

3. Temiessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee
37902.. v

4. Federal Ener:; Administration, 12th and Pennsylvania Avenue, NW,
Washington, D.C. 20461. '
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ACTIVITY 29 Ail ENERGY CONSERVATION ETHIC

- OBJECTIVE: TO HELP EACH STUDENT DEVELOP

fi\ AN "ENERGY CONSERVATION ETHIC.
s COMMUNICATIONS/

LANGUAGE ARTS

Have students write their own definition of an "energy conseration ethic."
They shouid then select an item or material thing (watch, stereo, clothing,
ring, record) and answer the following questions about it:

1. Do I really need the item to be happy? Explain.

2. Will buying it mean a more "materialistic" lifestyle? Explain.

Is the item economical and efficient? Explain.

What natural resources were used to make it?
Were the resources renewable or nonrenewable?

3
4
5
6. From what sections of the country or world did the resources come?
7. What other resources could have been used to make it?

8

Did its production result in significant environmental/ecological
damage? Explain.

9. Will its use result in significant environmental/ecological damage?
Explain.

10. How long will it probably last and can it be recycled?

The answers to the above questions-should be included in written and oral
reports.

CONTACT ORGANIZATIONS:

1. Center for Energy Information, 340 East 51st St., New York, New York
10022.

R 2. Consumer Federation of America, 1012 Fourtzenth Street, NW, Suite 901,
Washington, D.C. 20005,
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Cwlis

General Electric Company, P.0. Box 500, New Concord, Ohio 43762.

Motor Vehicle Manufacturers Assoc1at1on, 320 New Center Bu1]d1ng,
Detroit, Michigan 48202.

Resources for the Future, Inc., 1755 Massachusetts Avenue, NW,
Washington, D.C. 20036.
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- ACTIVITY 30 DIVERSITY OF ENERGY PROBLENMS

OBJECTIVE: TO HAVE STUDENTS GAIN AN
UNDERSTANDING OF THE DIVERSITY AND
COMPLEXITY OF ENERGY PROBLEMS. COMMUNICATIONS/

LANGUAGE ARTS

Have students prepare a comprehensive 11st1ng of energy development prob-
1ems in order to understand definitions of the terms "economic cost,"
"social cost," and "environmental cost" as they relate to deveioping energy
resources. Students should divide into teams and prepare written material
on energy development problems such as:

WD TTPWN =
* 0t s+ s s+ s s »

10.

surface mining of coal in Tennessee;

transporting western U.S. coal to Tennessee;

deep mining coal in West Virginia;

gas and oil exploration in Appalachia and the Atlantic off-shore;
transporting or storing radioactive fuels or wastes;

siting a nuclear power plant;

strip mine reclamation;

uranium mining;

siting of transmission lines;

thermal discharges.

Team reports should describe the nature of the problem; its econom1c, social,
and environmental impacts; and alternative solutions.

CONTACT ORGANIZATIONS:

1.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxv111e Tennessee
37902.

Tennessee Department of Conservation, 2611 West End Avenue, Nashville,
Tennessee 37219.

Bureau of Mines, Department of the Interior, 18th and C Streets, NW,
Washington, D.C. 20240.

Council on Environmental Quality, 721 Jackson Place, NW, Washington,
D.C. 20006.

Energy Research and Development- Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

Nuclear Regulatory Commission, ¥ashington, D.C. 20555.

Oak Ridge National Laboratory, P.O. Box X; 0ak Ridge, Tennessee
37830.
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East Tennessee Energy Group, 1538 Highland Avenue, Knoxville,
Tennessee 37916.

Tennessee Environmental Council, P.0. Box 1422, Nashville, Tennessee

" 37202,

Tennessee Sierra Club, P.0. Box 2721, Nashville, Tennessee 37219.

Tennessee State Planning Office, Capitol Hill Building, Nashville,
Tennessee 37219.

Tennessee Citizens for Wilderness Planning, 130 Tabor Road, Oak
Ridge, Tennessee 37830.
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| actviy 31 ENERGY FLOW IN MAMUFACTURING

Il

"OBJECTIVE: TO HELP STUDENTS GAIN AN

UNDERSTANDING OF HOW ENERGY IS USED TO

PRODUCE AND OPERATE INDIVIDUAL PIECES COMMUNICATIONS/
OF MERCHANDISE, LANGUAGE ARTS

Each student should select an item he/she has recently purchased or wou!d
1ike to purchase, then develop a research pager, essay, or oral pyesentat1on
about it (including visual aids for emphasis »based on the following ques-

tions:
1. What were the original sources of energy used to make the object?

2. What types of energy were needed or transformed in manufacturing the
item?

3. What raw materials were used in manufacturing the object?

4, .ﬁac1ng the energy used to manufacture the ObJECt all the way back
to its ultimate source:

a. How much energy does it take to make the object?
b. How much energy does it take to operéte the object?

5. How durabie is the object and what happens to it when 1t is no
longer operational? Can it be recycled?

CONTACT ORGANIZATIONS:

| 1. Consumer Affairs, Tennessee Department of Agriculture, Eilington
Agricultural Center, Box 40627, Melrose Station, Mashville, Tennessee

37204.

2. Amerwcan Society for Testing and Materials, 1916 Race Street, Phila-
delphia, Pennsylvania 19102.

3. Consumer Federation of America, 1012 Fourteenth Street, NW, Suite 901,
Washington, D.C. 20005. i

4. Electric Energy Association, 90 Park Avenue, New York, New York 10016.

5. Energy Research Corporation, 6 East Valeric Street, Santa Barbara,
California 93101.
114
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'.w . . . .
 _ . 6. Resources for the Future, Inc., 1755 Massachuse’ts Avenue, NW,

Washington, D.C. 20036.
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ACTIVITY 32 ENERGY AND ELECTRICAL APPLIANCES

OBJECTIVE: TO HELP STUDENTS GAIN AN

UNDERSTANDING OF THE LARGE NUMBER OF

ELECTRICAL APPLIANCES ON THE MARKET, COMMUNICATIONS/
THE EXTENT TO WHICH THEY ARE VALUED, LANGUAGE ARTS
AND PROCEDURES FOR SELLING THEM, :

Have students prepare a comprehensive listing of every electrical house-
hold appliance they can think of. Each student (or team) should select
one appliance, compile a complete portfolio of advertisements and marketing
campaigns for it and examine these materials carefully, especially with re-
gard to-the recent "truth in.advertising" requirements:

1.

CONTACT ORGANIZATIONS:

Legislation, if any, that applies to the app]ianceé, such as energy
efficiency ratings, care and maintenance instructions, and warranties.

Advantages and disadvantages of the appliance, with regard to energy
consumption.

The amount of energy required to manufacture the appliance.
The amount of energy and cost of operating the appliance.
Its survival value in the family's 1ifestyle.

Whether the appliance is a "status item" and why.

The extent to which the appliance could adversely affect cultural or
social patterns (e.g., the television and crime).

Similar appliances by different manufacturers.

How does advertising and marketing affect buying patterns? 1Is it worth
it to you as a consumer?

1.

Consumer Affairs, Tennessee Department of Ag(iculture,_Ellin ton
Agricultural Center, Box 40627, Melrose Station, Nashville, Tennessee I

37204. ‘

Consumer Federation of America, 1012 Fourteenth Street, NW, Suite 901,
Washington, D.C. 20005.

gome Economics Association, 1201 Sixteenth Street, NW, Washington, D.C.
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. American Home Economics Association, 2010 Massachusetts Avenue, NW,
‘Washington, D.C. 20036.

. Association of House Appliance Manufacturers, 20 North Wacker Drive,
- Chicago, I1linois 60606.
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I acriviry 33 DEVELOPING A VISUAL DISPLAY ON ENERGY

OBJECTIVE: TO HELP THE STUDENT GAIN AN
UNDERSTANDING OF THE WORK AND SKILLS INVOLVED '
IN DEVELOPING A VISUAL DISPLAY ON ENERGY. COMMUNICATIONS/

LANGUAGE ARTS

-

Have students develop a visual display dealing with energy production and
consumption in their community. Exhibits could be developed which would:

1. Show the sections of the country or world where energy resource re-
serves (e.g., coal, oil, uranium, natural gas) are located.

2. Prepare a map which illustrates the geographic areas being served by
various generating facilities (your community).

3. Trace electricity used in the home back to the generating facilities
and the ultimate source of fuel.

4. Trace natural gas or petroleum used in the home back to the storage
facilities, refineries, and original sources.

5. Show prices of processing, storing, and transporting fuel to
consumers.

6. Examine the advantages and disadvantages of mining and burning coal.

7. Indicate how petroleum is taken from under the earth, refined, and
used as a fuel.

8. Show how different sectors (residential, commercial, industrial,
agriculture, transportation, and government) use energy.

CONTACT ORGKNIZATIONS:

1. Bureau of Mines, Department of the Interior, 18th and C Streets, NW,
Washington, D.C. 20240.

2. Enerqy Research and Development Administration, 20 Massachusetts
Avenue, NW, Washington, D.C. 20545.

3. Environmental Protection Agency, 401 M Street, SW, Washington, D.C.

20460.
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.- Federal Energy Administration, 12th and Pennsy]van1a Avenue, NW,
Washington, D.C. 20461.

Oak Ridge National Laboratory, P.0. Box X, Oak Ridge, Tennessee

" 37830.

Tennessee Department of Conservation, 2611 West End Avenue,
Nashville, Tennessee 37203.

American Gas Association, 1515 Wilson Boulevard, Ar11ngton, V1rg1n1a
22209.

L,
American Nuclear Society, 244 East Ugden Avenue, Hinsdale, I11inois
60521.

American Petroleum Institute, 1801 K Street, NW, Washington, D.C.
20006

Coal Mining Institute of America, 416 Ash Street, California,
Pennsylvania 15419.
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ACTIVITY 34 ENERGY AND VISUAL ARTS

OBJECTIVE: TO GIVE STUDENTS AN OPPORTUNITY

THROUGH VISUAL PRESENTATIONS TO EXPRESS o

THEIR VIEWS ABOUT THE ENERGY SITUATION AND COMMUNICATIONS/
WAYS TO CONSERVE ENERGY. LANGUAGE ARTS

Have students develop a series of transparencies (or slides if resources__‘l
permit), with accompanying narratives, which present a description of the -
world energy situation or ways to conserve energy. There are many dif-
ferent possibilities for presentations. For example: (1) different types
of power plants (coal-fired, hydro, nuclear); (2) environmental problems
caused by energy development; and (3) ways energy is wasted. For example,
a slide presentation cn home energy conservation could present consumer

tips on the following topics:
Frame #1. Proper insulation
Frame #2. Kinds of insulation
Frame #3. Storm windows and doors
Frame #4. MWeatherstripping on windows or around doors
Frame #5. Caulking compound
frame #6. Plastic sheeting used for storm windows
Frame #7. Vegetation around house
Frame #8. Proper site orientation of house
Frame #9. Conservation sticker near light switch
Frame #10. Historical demand for household energy
Frame #11. Small car beside large one, with mileage
Frame #12. 55 mph speed 1imit sign
Frame #13. Materials (pamphlets, lists) on energy conservation tips

The presentation--about 15 minutes in length--may be given to the class,
to other youth groups, and to interested civic organizations. The

‘ ;20 '4 ]]7




:ﬁpresentation should include the dissemination of free energy coneervation
“tips which are currently available from many agencies and public interest

groups.

. CONTACT ORGANIZATIONS:

1. Tennessee Energy Office, Suite c50 Capitol Hili Building, 7th and
Union, Nashville, Tennessee 37219.

Energy Research and Development Administration, 20 Massachusefts-
Avenue, NW, Washington, D.C. 20545.

.. Federal Energy Administration, 12th and Pennsy]van1a Avenue, NW,
- Washington, D.C. 20461.

4. Tennessee Valley Authority, 400 Commerce Avenue, Knoxv1]]e, Tennessee '
37902. , v a

5. U.S. Department of Transportation, 400 Seventh Street, SW,
Washington, D.C. 20590.




| CACTIVITY 35

A HISTORY NF ENERGY DEVELOPM
AFH

ENT ACTIONS |
A COMMUN '

OBJECTIVE: TO HELP STUDENTS GAIN AN

'UNDERSTANDING ABOUT THE ROLE ENERGY

HAS PLAYED IN THE DEVELOPMENT OF COMMUNICATIONS/
THEIR COMMUNITY, LANGUAGE ARTS

Students should conduct research to gather information and write a report |
on the role energy has played in community growth. Research should include
use of the library, interviewing citizens and professionals, visits to local
newspaper offices, and writing state agencies for information. Results
should be compiled for appropriate intervals, going back to the beginning of
the community, town, village, or city. Some relevant questions include:

1.

o B w ~n
* . * .

()]
.

8.
CONTACT ORGANIZATIONS:

Has the population of the community changed from rural to urban?
What have been the various lifestyles exhibited by the peop]e?
What have been the major industries or employers?

Why did each industry choose to locate in the community?

How has transportation changed over the years? Why?

How has the price of energy (fuels and electricity) changed over the I

years (corrected for inflation)?

Has environmental quality in the community improved or worsened over
the years? In what ways?

Who has regulated or controlled community development over the years?

1.

Local Chamber of Commerce, Planning Commission, Development District,
State Planning Office (see telephone directory).

U.S. Department of Commerce, 15th and E Street, NW, Washington, D.C.
20230.

Tennessee Valley Authority, 400 Commerce Avenue, Knoxville, Tennessee

37902.

Division for Industrial Development, Andrew Jackson State Office
Building, Room 1222, Nashville, Tennessee 37219.
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5. Tennessee State Planning Office, Cap1t01 Hill Building, Nashvilie,
Tennessee 37219.

6. Local newspapers.
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COMMUNITY DATA COLLECTTON FORM

.Directioﬁé: Fill out one sheet for cuach fuel or power source used in
§ your community--wood, coal, oil, natural gas, hydre, nuclear,
solar. Additional imformation should be collected if deemed

appropriate.
"T—T Transpor-] Residen- Schools and | Population |
tation tial Industry | Government } % % |Unit
Yea % Used Z Used % Used % Used Urban - Rural | Price.

11850

ers
{1900
hoa

11929
1932
1943
1950
1960
970

1971
1972
1973
fro7a
ors
1976
1980
1985
12000

*Begin with year in which your community was established; use significant
historical dates, such as wars, depressions, presidential administrations.
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SOURCES OF FUEL AND TECHNOLOGICAL |
. ACHIEVEMENTS. |

ACTIVITY 36

OBJECTIVE: TO HELP STUDENTS GAIN AN
UNDERSTANDING OF SOURCES OF FUEL AND
TECHNOLOGICAL ACHIEYEMENTS- COMMUNICATIONS/

LANGUAGE ARTS

Students should develop a comprehensive Tisting of fuels and depict the
historical progression of their use. Fuels to consider include wood, coal,
0il, natural gas, and uranium. Questions include: ‘ .

1. What were/are the reasons for shifting from one kind of fuel to
another?

2. What are the advantages and disadvantages of each kind of fuel?
3. What are the relationships beiween fuel supply, price, and demand?

4, In what parts of the United States or world are the different fuels
found?

5. How has the availability and/or discovery of fuel contributéd-to- ...
technological achievements? h

Students should then develop charts, transparencies, or other visual aids
describing energy-related technological achievements, when and where they
were developed, and the historical progression of their use. Some techno-
Togical achievements to consider include: water wheel, windmill, automo-
bile, train, steam engine, diesel engine, airplane, conventional nuclear
reactor, breeder reactor, heat pump, highly effective insulation, refrigera-
tion, air conditioning, incandescent light, fluorescent light, electric
oven, radio, and television. Questions to consider about each technology
include:

1. Why did we shift away from or toward it?
2. What were/are its advantages and disadvantages?

3. How has‘it changed Tifestyles, the standard of Tiving, or quality
of Tlife? ' :

4. How have technological achievements contributed to changes in the use
of different fuels?

e—
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CONTACT ORGANIZATIONS:

1.

Department of the Interior, 18th and C Street, NW, Washington, D.C.
20240.

“Energy Research and Development Administration, 20 Massachusetts

Avenue, NW, Washington, D.C. 20545.

Environmental Protection Agency, 401 M Street, SW, Washington, D.C.
20460.

American Gas Association, 1515 Wilson Boulevard, Arlington, Virginia
22209.

American Nuclear Society, 244 E. Ogden Avenue, Hinsdale, Il1linois
60521.

Mmerican Petroleum Institute, 1801 K Street, NW, Washington, D.C.
20006. '

Coal Mining Institute of American, 416 Ash Street, California,
Pennsylvania 15419,

Environmental Action Foundation, Inc., Room 720, DuPont Circle
Building, Washington, D.C. 20036.

Natural Gas Supply Committee, 1025 Connecticut Avenue, NW, H
Washington, D.C. 20036.

U.S. Department of Agriculture, Washington, D.C. 20250.

126




CTIVITY37  ENERGY RESEARCH REPORTS

- foéJétT}vE-' TO HELP STUDENTS DEVELOP SKILLS
-| IN LIBRARY RESEARCH AND REPORT WRITING. T

- | o " COMMUNICATIONS/ -} -

~ LANGUAGE ARTS | =

Students should prepare a comprehensive 11st1ng of top1cs about energy
and conservation which could be used as report titles. FEach Student should
“then select and prepare a report using an acceptod format and sty]e Some
topics might include: :

1. "The Costs and Benefits of Nuclear Power" o
"Energy Conservation in the Home"

"Energy Conservat1on at School"

"Government's Role in Solving the Energy Prob]em"
"Industry's Role in Solving the Energy Problem"

"Comsiion Energy Myths"

~4 [o)] (] + w N
L) € . L) L] L)

“The Role of the Media in Energy Conservation"

8. "The Role uf the Educational Process in Solving
' the Energy Problem"

9. "“Can the ‘Energy Problem’' Be 'Solved'?"

10. "An Energy Conservation Ethic for Consumers"
11. "How to Conserve Energy in Food ‘Production"

12. "The Family Automobile: What are the Alternatives?"

13. "Lifestyles and Energy"
14, "Criteria for Siting Power Plants and Transmission Lines"

15. "SErip Mining in ‘ennessee"

16. "Conserving Energy With Vegetation Around the House"
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- CONTACT ORGANIZATIONS:

- Varies according to topic selected. Refer to local telephone directory, §
APPENDIX: SELECTED SOURCES OF ENERGY INFORMATION, and libraries.
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’ir--;;mvauY 38 | SOURCES OF ENERGY HFORMATION

~OBJECTIVE: - TO ASSIST: STUDEVTS IN

"IDENTIFYING THE BEST SOURCES OF : ,
ENERGY INFO ~ COMMUNICATIONS/
ENE LOCA¥ED?MATION, WHERE AGENCIES LANGUAGE ARTS.

,EURMMEZON) and request detailed information about their energy programs and
services. Student teams should be organized so there is no needless du-

| the report should include an alphabetical Tisting of energy and conservation
agencies (federal, state, local) including the complete address (include zip

CONTACT ORGANIZATIONS:

Students should prepare a comprehensive listing of enerav concems
(includi ng those 'I'lsted in the APPENDIX: SELECTED SOURCES OF ENERGY IN-

plication in contacting agencies. The material obtained in response to
questions about programs should be written as class reports. In brief.

code) and a description of the programs or services available. The report
should be made available to teachers, librarians, and students and its
availability should be advert1sed in local newspapers.

1. Your local utflity or electric power distributor and Chamber of
Commerce.

2. See APPENDIX: SELECTED SOURCES" OF ENERGY INFORMATION

3. See Activities 14 and 43.
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‘, ACTIVITY 39 ENERGY AND THE MEDIA ||

-OBJECTIVE: TO HELP STUDENTS GAIN A
BETTER UNDERSTANDING OF HOW ENERGY . _
CONSERVATION CAN BE ADVOCATED BY NEWS : COMMUNICATIONS/
MEDIA. : LANGUAGE ARTS -

Have students divide into groups of five. Each group should be reponsi-
ble for preparing one article on energy. The article could be published in
the school paper, sent to the editor of a local newspaper, or submitted to
the manager of a television station. Two students from the class should
edit all the articles, seeing that each article is as objective as possible,
and supervise printing and dissemination. Articles should deal with such

1.
2.

topics as: " .
1. The Energy Problem--Is it Real?
2. Lifeline Electric Rate Strﬁcturg
3. Government's Response to the Enérgy‘Crisis
4. The Heat Pump
5. Solar Water Heating

- 6. Night Setback of Thermostats
7. The Role of Education in Solving the Energy Problem
8. The Community Response to the Energy Crisis

| 9. cCriteria for Siting Nuclear Power Plants

10. Energy Myths
11. Energy Conservation and Transpartation
12. Environmental Problems Caused by Energy Development

1. Students should answer the following questions in class:

Do citizens have adequate access to energy coniervation information?

What is the role of media in solving the energy problem?
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: 2}*What k1nds of 1nformat1on do c1t1zens need in order to make wise
i,dec1s1ons about energy?. - : ‘

_..;:what are the most 1mportant target group(s) for the med1a to reach
Coowith energy conservation 1nformat1on7 T

_;eﬁwhat are the fee11ngs of c1t1zens about energy deve]opment and con- ,”jfﬁ -
e servat1on as obta1ned through student 1nterv1ews? R ‘

;;Quhat are the fee]1ngs of Tocal 1eaders of bus1ness, 1ndustry, and
1 _government about energy deve]opment and conservat1on7 S

L

CONTACT ORGANIZATIONS

. Your 1oca1 newspaper off1ces, TV and rad1o stat1ons

. *Energy Research and Deve]opment Adm1n1strat1on, 20 Massachusetts

' Avenue, NW, Wash1ngton, D C. 20545. S SR W ‘

. Federa] Energy Adm1n1strat1on, 12th and Pennsy]van1a Avenue, Nw
Wash1ngton, D.C. 20461. _ SR I

.,_Tennessee Va]]ey Authority, 400 Conmerce Avenue Knoxv111e, Tennessee wé“;{fi?
37902. i P §

..vOakaidge National Laboratory, P.0. Box X; Oak:Ridge,<Tennessee

37830.




ACTIVITY 40 VALUES CLARIFICATION ON ENERGY

OBJECTIVE: TO PROVIDE A MEANS FOR STUDENTS

TO EXAMINE THEIR VALUES AND BELIEFS ABOUT
ENERGY . MULTIDISCIPLINARY

Students should complete the ENERGY OPINIONAIRE prepared for this activity.

For each statement, they should 1ist as many reasons as possible to sub-
stantiate their opinions or beliefs. Students should be asked to defend
their positions in class. They should know hav an opinion can effect their
behavior or lifestyle. Where they are uncertain about their opinions, they
should conduct sufficient research to uphold an opinion.

Those Opinionaire items which elicit the most obvious differences of
opinion or strong value judgments could be expanded into debate topics.
Items 7, 11, 12, and 16 are examples.

CONTACT ORGANIZATIONS:

NONE
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[

Name -

ENERGY OPINIONAIRE
Date

C]as

S Teacher

Directions: Please crogs gut the word or phrase within the parentheses
which least indicates your opinion. Be prepared to defend your opinion

or belief.

I be

lieve that:

The energy resources in the United States (are, are ﬁot) controlled by
monopolies. :

There (is, is not) a shortage of oil in our country.

We (should, should not) generate more erergy by nuclear and fossil
fuels.

Solar energy technology for generating electricity (is, is ﬁot) well
established at this time.

Government funds (should, should not) be used to develop the railroads
and 