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1

INTRODUCTION

OBJEC TO JAINT THL HOME ECONOMIC TEACHER
WITH TIE PURPOSE AND INTENDED iJ E Or
THE OUIPEc

...mommy

ENERGY sis -.111 existence that we have co -rs to to'ke it fur

granted. On r t'cont ly hove we L'ogun to reAlize the economic %ociol,

and onoironrec _ 1 r`,1l ic,1t run . of onergv re urce and usoge. Tho prime

ivoting force url c i tiiens f r the con !rvation of onergv over cc
.he oil embargo in the w J73 has hi :1 "to '.ove r:unei-. Unfortu-

nately, tow people art' ondorl y nod f or -

A en.,ery [irk for hovond ti'. . (fie to oe

our utility hills go down. it flit pro Idinq tuture energy lit for our

children'''. society so thot they will ho le to enjoy A (c,mfortahlc life=

style just os Wt' hove. It is tire, then, tor II', to rake thy tronsition

from economic expedients to intolligent cnorgy ethic %. {,tit h a (honge

not nosible W I tflllllI (ho)1ge% in ottitnJe%, decision-maki method%, lint

lite%tyle%. '.1101 A (hAn00 pos.ihlo through conservotion without (-ur-

tailmont .
Hie floteriol presentet In this guide

help oducotors .1n(I their s udf.i understond 1ho prohlem%6 options, And

costs involved ln Ihaf they 1,1x1 t Ippropri o o- t 11111`

tr, inn t'rorihi.

'his guide w,e. designed for Howe icomplh %OW- of inter

motion, instructional matoriols anti stwostod reforonces about onory
%ituotion o% o whole, energy con( opts And the not of energy in the home.

The Guido provide% a synthesrs of iur-clit onorgy intormot litre t roH 1-111 t

111th' of '0)Itt-t wh ieh not road v i 10p in 11000' 0,.,1 hor,

iii do et ort to hotter preplro the to, n. to irl'.t1'ut t Hoot 1,1 1 y

(th ho i t' 110 in I )11'.or V lily on-nly.

I he quilt 0 ( omhinAt ion o onp 40;e1,1' ovory i hos

energy ,-.1tootion and Important ho .otind mo erial on CI101 iy i tun opt

And terminology and L.') complv luide to the enor uses And proC1H.0.2.

in the home, with oMphosis On EnC,P.11r(. whi(h could he token to C(n,Ory0

energy. The guide is intended hir use by teo,';ers o% rctorom-0 tool ond

tchinq Aid a% well by student% whit might *1I-infrnc11

1.3
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One horsepower is defined as the work perfor red or energy consumed
by working 5t the rate of ono'horsepower for one hour; is equal to
1,9B0,000 foot-pounds (one foot- pound is equal to the work done' in raising
,one pound aV'oirdupois against the force of gravity the height of one foot)
and is approximately' Jai to the output of a motor consuming 750 watts of
power for cane hour.

Although coal wa : used by the Hopi Indians in Arizona as early as
1000 .O., American Colonialists did not mine it. because wood was so
abundant. America. unlike Britain, did not use coal during its early
industrialization until, by the middle of the nineteenth century, it was
realized that two tons of wcod could be replaced by half a ton of coal
-t half the cost. As wood became scarce and more mensive, and with
technique: for burning coal resulting in greater efficiency (such as
coal-fired steam generators), the use of coal inciwased. By 1895 half

America's energy came from wood, and half from coal.

By middle the nineteehth,century, efficient and cheap lubricants
and 1. Jminants w(re needed to replace scarce and expensive whale oils.
The Pennsylvania Rock Oil Company strdck oil in 1859. During that year,
4,215,000 barrek of oil (the equivalent in energy content to nearly a
million tons of coal) were prod iced in the U.S. Only 30 years later,
fuel oil accounted for 35 percent of total petroleum sales. During the
nineteenth century, petyeum production increased at a faster rate than
domestic consumpti

Naturdl gas has not always b valuable energy source. During the
first half of-the-nineteenth century it was considered a_nuisance when-
ever lt wa encounti.red in water and salt wells. Gas was often found
during searches for petroleum, hut, i t. wa,-; still considered a waste pro-
duct and was burned off at the well; wood and coal provided necessary
heating, and kero.,ene was used for light ing. There were, however,
exceptions to the general attitude.toward natural gas. Fredonia, New
York, was using natural gas as fuel. for lights in 1821, and by the late
1860's it was used on a small -tale for making firebricks and as a
source of lampbtaik for printers' ink. furthermore, isolated experi-
ments were being made on natural gas by iron' and steel works near Pitts=
burgh to determine whether~ not gas could be used for space heating
and ;team generation.

In 1018, large as well was discovered near Murrysville, Pennsylvania,
and in I1f83 a pipeline running from this well to Pit,L.burgh was opeifed.
In the early 1880's serious searches for natural gas were conducted in
Ohio, and in 1884 the searches resulted in the discovery of large gas
reservoirs which were subsequently tapped in order to Supply local indus-
trial plants with cheap fuel. =Hut natural gas still could not be used
extensively because an adequate way to transport it had not been (level

With the now energy sources COW many new technologies. The electric
light was invented in 18/9, but more important was the world's first
electrical power trenerating and distribution system built in 1882 by
Thomas Ldison in New York. Less than a month later, the first hydroelectric



power facility began generating on the Fox River in Appleton, Wisconsin.

The hydroelectric plant at Niagra Falls began operating in, 1896, and by

1900 hydroelectric power sccountpd for about 2.6 percent of all U.S.

energy consumption, or about 52 percent of all the electricity generation.

The following table shows the total U.S. energy consumptio11 in 1850

and 1900:

Energy

Coal

Oil

urce

oral Gas
Hydropower
Fuel Wood'

..

Source: Clark, p.

1i C70

9.3%

90.7

1900

71.. 4%

2.4

2.6

2.6
21.0

From 1900 to World War II, wood comprised only a small fraction of the

total energy pool, but the amount of wood used was still substantial and

surpassed fiydropower as an energy source well into the 1940's. It was

used mostly for heating and cooking in rural homes. Hydropower before

1900 accounted for 57 percent of all electricity generated but by 1950

accounted for only one third; in 1975 it provided less than 4 percent

of our electricity. Electricity generation, however, increased slowly
but steadily until the end of World War I when it began to accelerate

rapidly; since the mid- 1930's the annual per capita growth rate for

electricity has been seven to nine percent, except for the years of World

War II.

A dramatic shift also had occurred in the use of coal in the early

twentieth century. Between 1885 and World War I its production had

doubled, but after 1920 it began to drop rapidly. In 10 years the ratio

of coal-to-oil consumed dropped from six-to-one (1918) to two-to-one

(1930).

The demand for petroleum products began to outstrip petroleum produc-

tion between 1900 and 1955. During this period, consumption expanded 70

times, while production expanded to 40 times above the 190Q level. After

World War II, the increase in U.S. demand began to Surpass domestic pro-

duction, with the amount of net oil imports greater than the amount of

net,ne coal imports. The natural gas production rate also rose 40 times

above the 1900 level by 1955. From 1900 to 1920 natural gas was mostly

used for home and commercial purposes, but from 1920 until the end of

World War II industrial consumption surpassed residential and commercial

c6nsumption. In 1955, the consumption of all liquid and gaseous fuels

began to exceed domestic output. Ely 1955 the U.S. was a net importer of

fossil fuels.



A new energy era was born on December 2,- 1942, when the first nuclear
chin reaction was demonstrated at the Univertity of Chicago by Enrico
Fermi and his associates, Less than 10 years later, electricjty was
produced from atomic energy.- Today, approximately two percent of this
nation's energy needs (almost 10*percent of our electricity) are pro-
videdby=nuclear power.

N:

21z21-12-jornWo r_ar II unt-2:1 9974

By the end of World War II, petroleum fuel consumption had caught up
with coal consumption. From 1940 until 1971, crude oil consumption
tripled and natural gas consumption increased more than eight-fold.
Although oil and, gas together accounted for approximately 70 percent of
aggregate U.S. energy consumption in 1960, coal is still the preferred
fuel in the producticion of ferrous metals and in the generation of elec-
tricity. Since 1960, the useof oil and natural gas has continued to
grow. The following table-shows the status of U.S. energy resources
in 1974:

Energy. Source Percent of Energy

Petroleum
Natural as

Coal
_Nuclear
Ilydro

46%
30

18

2

4

Source: Natiol=n77 Ainorgy Outt- k, p. xxii.

The total energy consumption in the U.S. has more than doubled since
1950 while the population has increased by approximately one-third.
Two decades ago, this country was a net exporter of energy; in 1974 it
wars importing 15 percent of its total energy fuels and 35 percent of
its oil.

1973-1974: Back rc 117-na_1"

Around 1954, the major American petroleum companies began to see their
'profits on crude production as well as their share of the international
crude oil market start to decline. In 1960, the Organization of Petro-
leum Exporting Bountries (OPEC) was formed. Initial membership consisted
of five leading )etroieum producers: Iraq, Iran, Kuwait, Saudi Arabia,
and Venezuela. Their goals were to gain full control over the develop-
ment of their oil resources and over the rate of oil production and the
oil market price. OPEC's leverage was not strong in the 1960's but
during the period from 1971 to 1973, OPEC members.began to force oil
prices upward. By 1913, 13 states in the Arab Middle East, Africa, Asia,
and South America were members of OPEC and accounted for 86 percent of the

/



world's oil trade. During this period, a series of participatory
agreements were negotiated by OPEC countries with companies operating

within their borders. The situation changed, however, when the Arab-

IsraeTi war broke out on October 6, 1973. Eleven days later, a con-
ference of Arab oil ministers in Kuwait dedided to use the "oil, weapon"

in support of the Arab cause.! Petroleum-consuming countries were treated

according to their stands on the Arab-Israeli issue. On October 19,

King Faisal decided to impose an oil embargo when he learned that U.S.

government planned to send $2.5 billion in arms aid to,Israel.
.

complete

embargo was declared against the U.S. and the Netherlands; "f= en iy

states" Are exempted. Two months later, the OPEC governmen s were
posting prices of S11.65/barrel for crude oil--almost four ti-es the posted

price that prevailed before the war began. The embargo ended. with Ameri-

cans waiting at the gasoline pumps,still in shOck over the. sudden reali-

zation of our growing dependence on foreign powers, but not yet truly

convinced that anything could or should be done about it.

The international oil crisis of 1973-1974 precipitated an "energy cri,

for the U.S. and other industrial countries. The Arab (Middle East)

countries, an important source of our petroleum products, suspended ship-
ments of oil to the U.S. for several months. But the Arabs did not causd
the "energy crisis"--they merely showed us that we have a serious energy

problem. The roots of the problem go back to patterns of consumption and

production of nonrenewable resources which began in the U.S. during the

mid - nineteenth century.

PERSPECTIVE: PRESENT AND FUTURE ENERGY USE

The American high-energy society not only consumes more total energy

than any other country, but also uses more energy per capita (individual)

than any other nation in the world. On the average, U.S. citizens con-

sume seven times the energy of other world citizens. Clearly, energy use

is an important part of every segment of the U. S. economy. This country's

energy supply is based largely upon dwindling-fossil fuelspetroleum,

natural gas, and coal. Alternate energy sources must be found. It is

of the utmost importance to examine the present and futile uses of energy.

Pattef,no of r )tion: TPcm1s fait t.or O

Percentages of the total 1968 U. S..consumption attributable to the

four major categories or sectors of energy usage were: industrial, 41.2%;

transportation, 25.2%; residential, 19.2%; and commercial, 14.4%. Any

item that uses energy might contribute to more than one sector; for example,

the energy used by an.electric blanket appears in the residential category.

But energy was required to manufacture the blanket (industrial sector);

energy was required to move the blanket from manufacturer to the shop-

keeper_(transportation SeCtOr); and energy was required to run the shop-

keeper's operation (commercial sector). Details of energy consumption

by sector are shown in the chart on the next page.
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Irk wtrial. industry, the producer of the materials and products

used by society, is.the largest consumer of fuel energy, and in 1968

industry used energy in the following ways:

_

Industrial End Use Percent of National Total

Process steam 16.7%

. Electric drive 7.9

Electrolytic processes 1.2

Direct heat 11.5

Feedstock 3.6

Other 0.3

Total 41.2%

Source: Fergason, p. 3.

About half of industrial fuel consumption went for heating processes,
either by directly burning fuel or by manufacturing' steam. The rest

was used for running machines, lighting, electrolysis, and feedstocks.

(Feedstocks are fuel resources -.oil, gas, and 'metallurgical coal--used
as raw materials rather than as fuel for burning. Feedstocks are used

to manufacture products such as asphalt, steel, and wax.) The major
*.

industrial groups are: food-processing; paper; chemicals; petroleum
refining; stone/clay/glass products; and primar metals (steel and

aluminum).

Tranopor tion. Transportation -- moving people

country--is the second largest sector, and in
basic ways: (1) 24.9 percent as fuel for burning;
as raw materizA Consumption can be broken down
nunner:

and goods across the
1968 used energy in two

and (2) 0.3 percent
in the following

Frier ConsumptionTransportation Mode

Automobiles 55.0%

Trucks 20.0

Buses 1.0

Other (including motorcycles) .5

TOTAL. HIGHWAY TRANSPORTATION 76.5%

Airplanes 9.9%

Railroads (freight) 3.5

Railroads (passenger) .1

Shipping (inland and coastal
barges and ships) 4.8

Fuel pipelines
TOTAL TRANSPORTATION

5
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Oil accounts essentially for all energy consumed in the transportation
sector. By contrast, gas is the predominant fuel in the industrial
sector.

While transportation is the second greatest sector in terms of total
fuel consumption, an additional 15 percent of total fuel consumption
Come from the other three sectors to support the transpOrtation complex:
energy is reguired.not only to fuel transport machines but to build and
maintain them. Thuo 40 re*.ent of tot, :t

,;.1-
oociatad v::th trawortatioN. Half the 4b percent.is used in a utonxab ile-
related activities; the 'other half is used for planes, buses, trains, and
ships. It is easy to understand why the automobile portion of the trans-
portation sector absorbed most of the shock of the 1973-1974 oil shortage
and why much attention is given to improved energy efficiency the
automobile industi'y.

,

The residential sector is the third lar
of energy, and in 196, used energy in the following ways:

nti tnd Us

-)nsumer,

Percent of National Total

Space heating
Water heating
Cooking
Clothes drying
Refrigeration
Air conditioning
Other

Total

Source: ',pie CIL 1

Over half of the energy used in private residences is for spate heating
and, although residential air conditioning accounts for only (.7 percent
of total energy consumption, it its the most rapidly growing item in tho
residential usage list. In hot Aather, air conditioners often tax
electrical generatiog facilities so much that utility ,companies must
reduce the line voltage by up to five percent, causing a brownout; that
is, the load on generating facilities may become so great that the
amount of power delivered to each consumer must he reduced. A total
power failure (blackout), can be caused by overloadeii utility equipwnt,
storm damage, or equipment failure.

Approximately 25 percent of residential energy consumption is in the
form of electricity; with half produced by (oat-tired steam plant,..
Natural 9a; accounts for about 40 perc tit all residential energy.

10
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electricity and natural gas increased, while demand for heating oil has

decreasrri d -r± 1974. (though it had moderately increased since 1973).

Wiiry a, ,A1 Exxon forecasted that the d martd- gqrowth rate

in the industrial sector would first decline sharply through 1980, then

inCrease; that the dermnd growth rate in the transportation sector would
drop slynificantly below historic rates; that the lensind growth rate in

the rmidential/commerctal sector would decline from the 9bO-1474 period;

and that the demand growth rate in the nonenergY sector would remain about'

the same, lilt statistics support Exxon's forecast: the data show that

the 1975'' energy consumptiort in Industry, transportation. and buildings
below the level projected on the basis of 1964 1973 data on consump-

n levels in these areas.

lncreased conservation awareriesc as well as Imre energy prices,

clue to dwindling easy-to-recover dorrte.tic energy su ppl les and to increased

imported fuel costs, will result' in further reductions in energy coesumv

Lion, Total energYconstrniption for 1975 was 2.8 percent below the 1974

irvel and 9.2 pnrcnnt briny the 1973 level. If the U. S. aggregate energy
consumptionican rye belnia the urpembargo level, as it did in 1975, Perhaps

it can fir' hPloW t hr r,clnumption !eve] for 1972 or even 1971,

As poiNjlatirn erowth ;lows and as we' have time to make A full response
higher ens' 9Y orkes,.the efficiency with which everyone uses energy

wi 11 irw,reace in impurtancr. the combined effects of individual considera-
tinn of rn(7rqy cfficionLy could rwAlt in n nearly level demand for energy,

brforp the turn of tt'W century_
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1SECT ON 2 ENERGY CONSERVATION1

OBJECTIVE: TO CONVEY TO THE HOME ECONOMICS TEACHER THE LN
SEVERITY OF THE U,S, ENERGY PROBLEM; TO URGE THE
NECESSITY OF IMPLEMENTING CONSERVATION AS A PARTIAL
SOLUTION AND RATIONAL ECONOMIC RESPONSE TO vie
ENERGY P OBLEM,

THE U.S ENERGY PRODDEM

Th' energy problem 1s not new.' In 1744, Benjamin Franklin obs

. . . al a becomIng Do expenaLvo, and (an the
oountrw ID mopo c±ierrrcid and nettled) bn:11 of aouror grow

kidearc_P; and new proponaln for oalg-ng the wood,
odeoWng th charge and augiventfng thc benefit of
Iqy Dow paPtEcutar method of maktnq and wnagimg

may loaDt he thought worthry conoidaratLon.

Over g2 percent of the U.S. energy consumption in 1976 was accounted
for by nonren6wable. fossil fuels. This country may have only a
few decades of petroleum and natural gas left at current price levels
and, although there may be enough coal ,to last several hundred years,
coal (as currently mined and burned) pollutes at levels that many
Anericans are not willing to tolerate. Breeder reactors, if used in
therdture, will produce plutonium, an extremely toxic element. Fusion
power may not arrive for at least another 25 yearsperhaps much longer- -

and ther'efore cannot be considered a solution to our current energy
problerm Other nonrenewable energy sources (solar, wind, geothermal)
may be used to a greater extent in the near future, but not in -uf-
ficient quantities to he considered solutions, either.

Of course, the energy dilemma is not a strictly American eXperienc
its scope is worldwide and its resolution will cut across international
tounddries, for energy resources are not uniformly scattered around the
imrth hot rather lie in highly localized deposits. Nelvertheless,,as
Clark stated:=

i k.(17:.11tql.:,3,, 0 (.:01 ' Am at Inv ant cou ile.

twquirvo :;),601) 1,,euno reDouPoe8 :We -;

soil! g PN: Oc I (old Da tn, j of metal, mbnta?_
26, 0(1(/ MO:0-1(tv0 0.1.10IM Zi.ttlo low -than on

? =W77,:acql amount of crwligy, Noarl-g
t,I.ho-cMi.?Page --Ettropran -tarco--i-a year, i-o tc

.i:Dczl, h (.,tigen having 3Q0 alavee woliking L4
ark, pp: 86-e7)
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In terms of energy resources, the U.S. is the most spoiled, self-indulgent,

and extravagant nation in the world, The U.S. consumes more energy than'

West Germany, Japan, Great Britain, and the U.S.S.R..combined. Although

the U.S. has only six percent of the world's population, it consumes about

33 percent of the world's energy.

Clearly, this country has a special problem - first, becauseit consumes

so much energy and, second, because so. much of the energy consumed is

nonrenewable. The U.S. has five choices: (1) increased dependence on

foreign oil; (2) increased use of environmentally damaging coal; (3) in-

creased use of nuclear and other alternate energy resources; (4) more

effective and efficienf use of energy; or (5) reduced standards of living

due to curtailing (cutting back) energy use. No one of these alternatives

alone will suffice; only careful consideration of the first four will

enable America to avoid the fifth.

ENERGY STRATEGIES

Several broad strategies can be used singly or in concert to resolve.

our energy problems:

Strategy 1:

Strategy 2:
Strategy 3:
Strategy 4:

Develop "successor sources" to replace oil and gas

ever the next several years.
Develop an energy economy not based on fossil fuels.
Increase efficiency of energy generation and use.

Change from a "disposable" to a durable" society.

Over, the next several decades,.coal, nuclear, solar, geothermal, and

other energy resources can be developed to replace oil and gas. Of

ceurse, these developments present technical challenges, and time and

capital will be required. At the present time, "Strategy 1" is receiv-

ing the overwhelming attention and commitment of government and industry.

"Strategy 2" is similar to "Strategy 1." Both require the same govern-

ment commitment. But "Strategy 2" (devefoping a non-fossil fuel energy
economy) forecloses the,use of coal because it pollutes. 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 3" (increasing efficiency) Can "trim the. fat" off current

energy generation and use 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,4" concentrates-on overall energy use patterns rather than

specific. methods. It suggests that the high-energi American sdciety can

change to a les's energy - intensive society. Some angel in behavior would

have to come about under this strategy, possibly requiring Tztioning or

taxing of resources in order to slew thopPn,umption rate of materials

and
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While the professionals implement Strategies: 1, 2, and'3 through re-
search and developmenti citizens can implement Strategies' 3 and 4--both
of which depend upon wise use df energy. Conservation is the only.viable
solution for the immediate future.

DEFIN TIQNS OF CONSERVATION AND CURTAILMENT,

Both conservation and curtailment lre activities which lead to reduced
energy demand. Conservation is defined as the wise use of energy which.
results from a rational response to price changes or a shift from less
to more available fuel resources. Conservation does not connote a
denial of the "AMerican dream," though many people believe that this is
so. Rather, conservation attempts to change citizens from being high
energy users to low energy users by reinforcing "saver" values in prag-
matic, meney-saving terms.

ti

Curtailment, on the other hand, is a short-run strategy that .is used to
cope with acute energy shortages; for example, an oil embargo would induce
curtailment or cutting-back of petroleum consumption among- those affected
by the embargo. .Curtailment requires denial. If we conserve our energy
-resources now, we can avoid possible curtailment of these resources in the
future.

Conservation is a long- term necess
five basic reasons:

y tha should be implemented for

1. Conservation saves.money; lower cost material
resources can often be used to achieve the same ends as
high cost energy_ resources -.

2. Conservation.canlexpand our range ofenergythoice
becapse it .permits us to select those energy sqpplpy technol-
Ogies that are most acceptable (for example, solar energy)
and reject those that are relatively objectionable (for
example, coal energy)

3. Scarce energy resource* can be freed for use in
developing countries by conserVation. The value of an

, incremental supply of energy in a developing country may be
much. greater than in a developed country.

Theli.S. dependence on unreliable and costly supplies
f foreign oil can be reduced by conservation measures,

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

;,[adapted from Moss, pp. 1-26]

ConServation is not. an end in itself. A 1976 FEA conservation paper
entitled,"Group Discussions Regarding Consumer Energy Conservation"
founetthAAenergy conservation is generally viewed. as a "time-buying"

'strategy that will be...implemented only until some new, infinite, inex-
_pensive sourCe 'of energy is found. The American society can then continue
to be spoiledself-indulgent,,and extravagant. Many pre-teenagers
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romantically believe that a "Star Trek" world, with its "new".energy re-
sources, will be theirs or at least their chi dren's. But the "new"
energy resources (fusion, for example) may not be implemented for quite
a long time and, when they are, will probably be mole expensive than

we think. Until such resources are developed, we most act with the belief
that "new",resources may never be available.

Citizens must become aware of the need for and economic rationality of

energy conservation. It'a,aimp4y a etrategy for getting the moat for bur

money, Home economies teachers eapectally are in a position to promote
this understanding, but they'should take note of the following warning, in
the Citizen Action ,(Hide to Enenly Conservation:

t phouZd go withoui aaying that if you are not practicing
energy conservation, you can't very wall aek othere to do
0--your enthuoiaam'and.succese wilZ be the beat reczeon
hat otherw o'Zi want to join you. fp. 55]

After home,economics teachers have put into practice their conscious
decisions to practice good conservation before they urge conservation
measures on their students, they must carefully formulate for class pre-
sentation a whole range of reasons to justify their support of energy con-

servation. Their support of conseevation measures should be based not only
on naticnikl.social, political, and economic reasons"; but also on a moral

sense of waste and the need for stewardship ---pan energy conservation ethic.

AN ENERGY CONSERVATION ETHIC

One hundred years ago, the Industrial Age swooped down ution,us without
warning. It tantalized with promises and visidns of prosperity forever
in a nation oyerabundant with natural resources. The Protestant Work
Ethic that had' established this country gave way under pressure to the
demands of a "Consumer Society.", Concern with production rates became
paramount; concern with use of energy and natural resources was ignored.
"Real" costs of manufacturing were misleading ,in a time when energy costs
were artificially low and/or government subsidized. Products were designed

to be tossed out after one use or replaced by newer models each year
(planned obSolescence). New technologies were instituted in our, factories,
homes, and offices without regard to energy use or efficiency. Such atti-

tudes and practices quickly led to complacency and false security in our
highly energy-intensive sdciety.

A growing number of Americans are beginning to realize the value and
necessity of a revised lifestyle which includes both "Voluntary Simplicity"
and -an "Energy. Conservation Ethic." Such changes in attitude and thought

can carry us beziond coat-saving responses. Home economics teachers must
make clear to their students that this new ethic is based on a realistic
comprehension that many,of the raw materials on which current living stan-
dards rely will be expended in the foreseeable future-. If but for the

,sake of.future generations, teachers must awaken in themselves and their
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students "a moral sense of waste and greed' that will lead to the accep-
tance of an Energy Conservation Ethic.

Conservation is a rational act to achi4ve and maintain an amenable
lifestyle at minimum price. Such an Achievement cuts waste. For example,
wasteful use of heating oil can be decreased by adding more insulation to'
a horde. In the long run, money will be saved. Also, conservation measures
increase efficiency. For example, you can' buy 'an air conditioner that is
more energy efficient that another air conditioner of comparable size and
quality. The air conditioner may be more expensive to buy than the less
efficient model, but in theelong run more Illollars will be saved in operat-
ing the more efficient model than the difference in cost between the two
models.

It is true that conservation can affect employment, but it is not needs-
sarily true that conservation cute employment. For example, decreasing
the production of disposable bottles leads to a decrease in the number of
people required to' produce the disposable bottles, a decrease in the number
of people needed to pick them up, and -a decrease in the number of people
needed for hand-filling the bottles. But on the other hand, returnable
bottles must be transported to the factory and washed. Actually, return-.
able bottles require more net jobs thah disposable "one-way" bottles.
Another example: jobs lost in the oil or electrical industry-due to a
loiver consumption of heating oil or electricity are more than off-set by
jobs, installing 'insulation.

Because an Energy Conservation Ethic may be a difficult concept to
grasp, teachers must make a major effort to help students, understand our
energy situation and foster in them an awareness of the difference between
essential needs and nonessential desires. The individual who possesses an
Energy. Conservation Ethic gives great thought to the following questions
before buying any product, whether it be an air conditioner, can opener,
or synthetic fabric:

no X real it need it to be happy?
What could be used as a substitute or alternative?
Will keing it promote a more materialistic lifestyl
Is .t inexpensive, yet efficient, in terms of total
coot?

5. Hoto long will it
6. Can it NI recycled?
7. W7ia t recourses are

B. Arc the energy resources scarce or nonrenewable?
9. From what countries dothe resources come?

10. Are there other resources which could be used to make
11. Did tts production moult in significant envirenmental/

ecological damage?
1 Will its use result in signi.icant environmental/

ecological damage?



An "Energy Conservation Ethic" is'a'conscous effort on the part of the

individual to-think in terms of wise and efficient use of resources when

developine, buying, or consuming them. It reminds one of the ,"stewardship"

responsibility to Maintain an'ecological'balance for survival, that the

natural environment is not limitless in its capacity to assimilate waste

and abuses.

Several types of energy conservation activities are implied by an Energy

Conservatien Ethic:

1 Activities that can save energy, as well as money.

Activities that save.energy and have no apparent

disadvantages,

Activities that save energy but have some minor

associated disadvantages.

Keeping thermostats set in the winter at 65 degrees and in the summer at

78 degrees fallseln the first category; not only does this action save

mney,,but it caetmprove One's, health. Installing storm windows and doors

is also in. this category ; these items can quickly pay back their initial

' costs through lower' utility bills. The same is true in the case of addi-

Vona' insulation, especially in older homes; the cost of insulation is

normally less than the amount of money the resident will save over time on

energy bills. Carpooling is another way to save both money and energye.
.

Buying fresh produce rather than canned, frozen, or dehydrated produce is

yet another way; for example, the production of one pound of white potatoes

(excluding packaging) requires:

6,250 ,Btu's - fresh
9,000 Btu's - canned

14,950 Btu's - frozen
26,700 Btu's dehydrated
[Energy and FOod, p. 1]

Besides, fresh potatoes cost less at the store..

Appliances that save energy because they are more efficient than com-

parable products have no.anparent disadvantages for the homeowner; therefore,

these products fall in the second category. For example, the possible .

additional price of a more energy efficient air conditioner may be offset

by lower energy bills. Furthermore, there is no apparent disadvantage to

avoiding productt with excessive packaging. Every supermarket plastic bag

adds approximately 170 Btu's to the product's total energy expenditure.

Using returnable beverage containers saves energy and creates only minor

disadvantages for the homemaker. A 16-ounce RC Cola returnable bottle

requires 7,836 Btu's to produce and can be reused 10 to 15 times. On the

other hand, a 16-Ounce, non-returnable RC Cola bottle requires 6,002 Btu's

to produce and can be used just once.
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The following "Energy,COASO
the energy conservation ethic:

I pledge that 1' coal learn to participate auto-
matioally in atZ Glace conservation activitieo
which have no apparent disadvantage(' for myself
and which require minimal energy on my part.

ion Creed" a possible expression of

1 farther pledge that although certain censervatia
activities may halls minor peroonal disadvantages,
r will votunteor to partidipato in them.

And in the event that these aativitien are not
eufficient, I will tolerate those activitieo -which
may produce carious disruption(' in my lifeetyle-

I pledge all this in the intorcot of future gene
rations.

It.is hoped that teachers will instill this or a similar creed in-them-
selves:end ih their students and that students will urge their parents. to
participate in conservation activities. Educators can help the Energy
Conservation Ethic become a way of life: educators can help create a more
efficient, durable society that pares about the energy inheritance it will
bequeath to future generations.
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I[SECTION 3 THE SHELL

OBJECT I VI=; TO ENABLE THE' TEACHER AND 5
BOTH ENE,RGY-WAST I Nn AND ENE
STRUCT 10ii FEATURES FOR: RE S It)
TO DETERMINE MEASURES' i'0114H.

MPROVE A RES (DENT I AL STRIKT
AM-

T TO RECOCiNta
°tRVIN.n:
AND TO'BE Alfla

TA4N TO
ENERGY'EFFICIFN

Many del 9n and constwort.i n features el( whfth iit, be fnCorporl
into residential ;trirrture to reduce theTr Ar9y, Sompt)on. ThPof a home (its roof, sides, ,_yld foundation) taKt the occupant f.; fr
outside element,, and influrnces what goes on 1rt Gillf! low; by defining
intrrrior 741Ace. (Jince thP primAry use of energy in the 1onw
and coo l 164., considerable enorgy saving% can bn VnIeved by
"shell of the home. A ;,wings of ?1) to 41) oercOnl; 0 current rneeq COM-
rr.umption ifi an average home could be economically althinved by impr vh)(1
the shell with insulation, c:001king, weatherstrIpP1M1, and storm w tidiese,;,

The p mary
`Iron

inq of

inhabitants,

Iction.of the
temperature,

the inhab
-omfort. /One

percent. rnl,ati WOO tq, in
0(11 i noyement: the
interior

. tbc. v7(6,
fti-7!Ade air

need'. to he o+'4 6) main
relatiorr.hip% nt hUMidit.

re;idential Shell lil to roV
buwlditY, and aft wri_,!rent Lo crea 4
t-&-n an rpvmop (I) r n

=

enfri 6Pl"F tO FP''f and 1R to
:Oon (in,-,11F1 9110 non-,0). with

ag: whro,t40 Wicathee,will p I

an, of 0(1.111rl'9 tf home to
re are ttirio'.. elpeciall: in winter, win win,

.1 in reawnahle (oriiforL 119iic I defines the
mom-afore in main aininq a sorlortAlile
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OBJECTIVE :, TO ENABLE THk! TEACHER AND.STUDENT'TO:RECOGNIZE
ENER Y-CONSERVING :AND, .ENE.RGY-WASTIN6 EFFECTS OF
SITE ORIENTATION; VEWATTON USES, AND ROOM
LOC TION0

col-in
.

pn_ maximum use shbuld be made of natural means to
produce :heklthful 6:nd livable home environment with minimum use of .

meChanicf_l equipMent for'. climate control. A primary consideration is the
the place where 'the home is to be built or where it already stands.

The' site features may-be positive or negative factors in terms of energy
roquirements And are., lways unique. Tne,mAjor factors of climate and..
vege`tation.determinrti e'proper oir un (position with relation to t
mpass of the ho_ '% features as well as that landscaping which might

reduce meChanIcal watinrl and cooling colts. General orientation con-
sideraOhns include;

L Iho building should he orlon
iatfOn during the heating season.

imt le X u sot

?. The relation, hip Of the building to outdoor spdcos oulc3
designed to maxim 'within limits, air movement in hot w
inimire air movenx'nt. in cold we. lher.

3: Tfri ntation mr-J, rot:ini:4, the e nearhy.ttli,ldi
r.

4. the rOatinohip the 1wl lding to utd %hould
imize solar impact, tor snow. mei .ing. to running in.

spring Ind falli'rtf:

Or ientati,n sttSi it Lilo .Ur zF1d air rtiovotnerit for

ventilation.

h. Pt ivnt.,it i ld provide h the 1 qf WIV
grophy. water, and view,.

'ivntAt

oc(.0 nt"..

0ou1d he suite( to the lite",;tyl, int diDg'..

Thr mode up of four re(11.09,'

rioure. cold; rate; hot-arid; ond hot
ter t con,. ti!tot nt .elorx,nts, such temporItt

p zones shown in-

ach area has char
la ivP humidity,
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radiation, and wind e r, :t is tit~ total

which should influence the orientation of the
cite or optimal energy conservation.

Of major concern are the ways the sun and wind affect a given home and the
ways in which these effects may be rodified to conserve energy, The sun..

provides "free energy" during cool periods and excev, heat during warm'
periods. The wind, on the other hand, increases heat ross in cool periods
but can he Jsed to remove unwanted heat in times of excess warmth. These
relationshiDs are shown in Fijure 3.

To better tinders tang the effects of the sun, it is, helpful to undo .and

h and position at different times and seasons for a Oven geographic
cation. Althouch the sun rises in the east and sets in the west, the

exact point=s of the caw.pass a(whi,-,11 it rises and sets vary with the geo-
graphic locat.ion P0:-.1), in the northern hemisphere, the 501 higher in
the sky in the sumer than in the winter. As shown 01 Figure 4, a south-
facing wall receivot. maximurn sun in the winter. ft is difficult to mAke
orientation generalities duo to the many variables to take into account:
the wind, seasonal changes, regional climatic differences in the United
States, local topography. otc. In the northern latitudes there is a neett
to orient the building toward the sun z.v; in Figure 4. However, ik
Southern regions, the axis of the building should he turned to avoid direct
of it radiation and oriented toward cooling breezes in; toad." In the more

temperate zonos, whero winter heating and summer eoolin are both impor-
orientation becomes moredifficult. Generally, homes Should be.
ted to the southeast to reximize solar heat gain in the mornings and

winter and to minimize the impact e4 the low. hot afternoon sun.' The
north side will he the cool t side with the least opportunity fon direct
na ttlr l 1 f qh t p one tra t I on

ffect of these elein,entc
OW and landscaping of he

The effects elf W nd are I,rtrire t.rt1le; thry vary with 5ca on and lo-
cation, and may be offset, by harr.iv r!-. ac nearby planting and terrain.
The effects of wind an housing blade to be considered both on the ont!Jde
( because f 1%0:c r and ;',1:7 ion--see Glossary tor dvf in i-
tions ) and within t he struc turn I ts el f W nds should he nlockod diiri no,
cold weather, but aIii ttrd and u f it I:ed in hot woathpr. For example,
a cold climate homes should he shielded from winter winds and or'ie'nted tdf
receive cooling sunuor broeios.

LSTI A.

A signmitic.rnt ti bu ['ion to the f it' 1 d at i I y Tespon5i ye archi -
Lecture has been the experimnta 1 work of Victor' I tiyy of. Pr incet Urn ver-
s ify rosulvod ono 1 nim dam ted pr nc i pl es re t inei to cl ho ti C

envi ro ninon houtiin9 t i igito dep lc tc the o f t,-; ()II hOUS inq
a!, revealed f,h rough 01,4 re s ea rc-h
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Proximity to bodies .of water
has a moderating effect:
during cool periods (at night
or in winter), the air moves
from the warmer water to the
cooler land; the reverse occurs
during warm periods.

Higher wind speeds occur at the
tops of hills, thus creating a
greater cooling effect on the
windward side and less turbulent
wind conditions'on the lee side.
(Note: The closer the lines, the
greater the wind speed.)

Wind effects around buildings are most pronounced
on the windward .sid- at the corners and roofline.
(viei rcnn above. )



Wind,effects around buildings are most pronounced
on the, windward side at the corners and roofline.
(View-from side.)

In a housing row, the first windward home takes the
brunt of the wind, reducing the impact on the others.

cts ( on nued).

Source: Olgyay pp. 51, 5C, 103, 101.
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VeetatiOn Factor

In addition to.theesthetic valuej)f haVing treeson a ,home site, trees
can have a beneficial. thermal effect on the home. In winter, evergreens
can be used as windbreakS to reduce heat loss frokthe building. In summer,
leaves absorb radiation and cool the surrounding air through evaporation.
But above all, trees and shrubs can provide shade at the right season. This

trait makes deoid4aus trees (those that shed their leaves).especially
valuable when,placed close to-buildings since they can limit the impact of
the sun in summer without interfering with winter sunshine as shown in
Figure 6.

Leafy vines are also valuable for-sunny walls in hot weather. The proper
selection of vegetation is important to insure effective results. The shape

of the shadow as well as the shape and character of the vegetation itself
in winter and summer must be kept in mind. For example, a shade tree may
be too low to permit cooling breezes to reach the home, or a row of ever-.
greens used as a windbreak may also block the benefits of the morning sun.

[SEE ACTIVITY B.

Room Ori ation

In the evaluation of room orientation, the most important consideration is
to secure desired condi4lonsin living areas during the times they Are used.

iThere are many determinants in selecting room exposures for a particular
site (e.g., view, traffic, topography).' For best thermal control, solar
orientation should be a major con§ideration. The matrix shown in Figure 7
was developed by Jeffrey E.'Aronin suggesting sun orientations for various
rooms in a residential building in a temperate or. cool cliMate zone.6 He

suggested orienting those rooms which are used primarily in the daytime
toward the east, southeast, south, southwest, or west in order to receive
the most sun, particularly in the winter. It is not recommended that
bedrooms be oriented to the west or northwest because of the glare and
heating effects of the late afternoon. sun.

The treatment of the 'outside walls is also important since proper
solar orientation is not always possible or desirable. If an exposed
wall is properly protected or equipped with shading devices, the negative
effects of solar radiation can be avoided.

Another important consideration for thermal control is wind orientation.
The goal is to protect living areas from winds in cool periods but to
admit and utilize breezes in warm periods. Therefore, it is best to
orient areas with least use (garage, utility, closets, storage, laundry)
toward winter winds and those which receive the most daytime use toward
summer breezes (see Figure 8).

[SEE ACTIVITY C.]



Figure 6. Climatic Impact of Deciduous

Bedrooms
Living
Dining

Kitchen,
Library
Laundry

Play
Drying Yard
Bathrooms

Utility
Garage

Workshop
Terraces

Sun Porch

N W NW

Figure 7. Sun Orientations for Individual Rooms.
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BASIC CONSTRUCTION

OBJECTIVE:, TO ENABLE THE TEACHER AND STUDENT TO RECOGNIZE
ENERGY-CONSERVING AND'ENERGY-WASTING CONSTRUCTION
FEATURES IN A HOME AND HOW THEY MIGHT BE IMPROVED
TO INCREASE ENERGY EFFICIENCY,

-6

n a federally sponsored study, an analysis
for typical, single - family residence in the E al
area revealed details of where heat flows through
below shows the distribution of ;Ica, anr

ing and cooling losses
/Washington, D.C.

shell.' The table
/1 (the amount of

heat loss or gain per unit time imposed on the heating or cooling equipment)
by major components. Evidently, there is great Potential for energy conser-
vation in the improved design and construction of a home's shell. In view
of rapidly rising energy costs, there are many energy-saving design op-
portunities. How6er, it should be noted: that 4 feature which may be worth-
while in one geographic region, may n.):' be'in another.

...,,, ,-. ,

Percent of Heatirrq Percent of Cooling
Components Load Load

Ceiling
Floor
Total, Window

Total Door
Total Wall

Infiltration Load
Internal Lod
Total

3.7*

13.6
1.4

?3.9
65.2

100.0

*The ceiling was well-insulated_

much greater.
hld not (i)r'

2,3
2.4
4.1

0.4
14.'2

35.)

1011:D

this would have been

The square fiptage of a house affects the cost - b t initial nutlav and
continuing mainlonance and operation. Larger homes require more con-
struction materials and larger capacity heat rig and cooling equipment than
do smaller homes, as well as more fuel to maintain a comfort zone within
the house. It makes sense to try to satisfy the occupant's needs within
a minimum area.

The opt i mum s ha

minimal heat loss

42

is one which has minimal t

n winter. Theretor'e, the
n in summer and
a house depends upon

WALVA147.46



the climatic region. Three _c_ors help deQtzrtnirl optimum shape

to-surface ratio; solar exposure; and po ; h

to-sdrface ratio of homes is mportant,, but iliot he .considered OIDM In

determining shape. It might appear that,a 4i t: al house would have the

least heat loss And gain because it is- cOmpaCt, knit this is not OW SW%

The optimum shape for thermal impact for eY to is a recta0,91 With

differing dcgrees'of elongation along the c illrectiOn.fl Through ,

experimentation, the optimum shape for each CTiira. te has been deterMiMA

by Qlgyay. These shapes are 'illustrated in Figure 9. HoWever, °IVO,

was concerned solely with thermal impaqt and 00 rot consider the poTghtiill

for insulation. The National.-Association Pif,hoMe BUilders (NAHR).hm%,.

shown that the potential for insulation is to +eery important factor in

determining the optimum shape of a home for thwrmo I efficiency,9 For

example, the NAHB haS- disproired the imoressill that ca two-story hew

affords less heat loss And gain than a ,one-$tory nousc of the scar W.1

footage. In this case, the. area makeS the difference fact,

ings can be more effectively Insulated than stall. . If six-inch wall

were used and if the insulation had an PR-Value'," q qual t( that: the

ing. the one -arid two-story houses, all other frtOr" tie =irice equal wOU,k
have equal. heat Clain and 10

The volume effect volume of a 1-m,vies, its velom,,w,,,

surface -area ration incr t, as. shown in Fl re 10Y plays a morn ttrpor,_

tan t role in large buildings such as apa -0:Int hcrMes or condominduM, 1,4e!'',

climate affects large buildings much less than trltri.I I buildin0 bc!..caw-,, of

the volume-to-surface area ratio. Figure 11. IIrldIcates that an inter lo

apartment may have a lower heating and 000l'tn because it lfw.;

surface area exposed tea the weather.

the e'ne'rgy efficiency of a bur can he i 2J-) tti 30 percn,

proper insulation which wFii reduce the load on hrkin( And coOlivirl '!IN10-

ment." Insulating is t the most importacq. Oierg conservatiOn MVO

sures for a home.. it makes pVs.sible the use of 4,,,,06 1 ler capacity hoatInq

and cooli q egui(vment as well as saving on ,p0rOtinq costs. tor omOMplo,

in a 1500 square foot home in a temperate clImi,CM! at three cents ptT 1010-

watt hour, six inches of ceiling insulation c,Ould Sgve $520 annolly on

heating dnd 000ling cost" 3.5 inches of wall iffmlation could saVO $A1,10

annually.. and .1.(.1 inches of floor insulation coOld 'SAVO $170 annually. 11

Pldeement )t: this insuiati Is shown U!.

4,

On a ,f-bei lit ba\is, the money And effotit 11 to heavily inkullat0

a home will he repaid in just few years through I Uwe'r' healinq tl doer 4.e1f11 fn

bilis, It i more cost -e1 te'ct. lye and easier to iOr,ulate during

n, bud II I% 1)1910t iC jai to iIr.ulate oxiifttinq ho its wt, I I.

any mo i .1 1 v i dot,. rot,:, I -CA) nce to t he t 1

fi'trm one -i lace to another. Iiiftcrelit matorialci have ditterent ins,uloti09

value. rOr vxamPlo inch of mineral wool or fiher,glass has kIrie ,Atcw
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Figure WI: Volume Effect.
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insulative value as 34 inches of brickfl2 The table below shows the
insulative qualities of housing construction components. It points out
the poor insuihtive quality of glass as opposed to a ceiling with six
inches of insulation 4hich has a good insulative quality.

!NAT LEM§ 114 9 T If is s Al

T CEI MI A3 14

CAM

Ell All
IIAIrII AEI

r turrpo E31 OCA

AI k IN31/1. A TEN 2-

I NAME WALE NO INS
. _

11.3,k." INT

N N;11N 3
_ =

11111144 11- ON%

Loon toy 145

- __L

SOURCE: TVA, "Insulate for Savings & Comfort"

The ability to insulate i s not determined solely by thickne5s but also
by weight and density. The effectiveness of insulation is-usually measured
in thermal resistance (the ability to stop heat flow) or "R-value." The
higher the R-Value, the better the resistance and the performance of the
insulation.' The R-value is marked on all insulation on the market. The
recommended minimum R-value for homes varies from area to area. In most
reas, ceilings should have an U -value of 19-38; outside walls and floors,

R-11-22. The Tennessee Valley Authority's (TVA) "Super Saver Homes" pro-
ject for the Tennessee Valley Region reconmnds R-30 insulation value in
the ceiling and R-19 in the walls and floors. The Fanner, Home Administra-
tion (Frr1A), the largest single financing agency' for housing in the State
of Maine, recommends R-38, ceilings; R-19, walls; and R-22, floors for
optimum insulation. These reconurndations are consistent with those given
in Figure 13, illustrating the recommended "R-Values" for six U.S. climate
regions.

Many kinds of insulation area available-7f1berg ass, mineral wool, cellu-
ose, fiber-blown, vermiculite, polystyrene,and polyurethaneand commonly
'ed in homes and may be either blanket or loose Till. Blankij: or liatt

insulation is constructed ofinineral wool or fiberglass and is available
in continuous lengths.in various widths with optional vapor barrier-.
fill insulation is made from mineral wool, glass fibers, wood .fibers, or
vermiculite and can be installed in new or existing homes by machine
blowing or hand pouring. !Wm insulation, which is available in rigid
beards and liquid spray, is also used in homes. It is particularly suited
for applieltions where very little space is available or for insulating

-

existing-.bulldings.
. Of the above, the blown and liquid spray foam insula-

ions require special equipment. The bate -and loose fill types of
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nsula ion are easier o install and can be done by most nyone.

The optimum insulation of a home would include all surfaces exposed tothe outside temperatures--Ceilings, walls, floors, and roof. The diagraminrigure 14 illustrates the proper location of insulation. The greatest im-pact on .energy savings is ceiling insulation. Insulating an uninsulatedattic with six inches of mineral wool, glass fiber,,or cellulose can resultIn a 20 percent savings on heating costs. If five million homes with in-adequate attic Insulation were upgraded, the U.S. demand for residentialheating fuels would decrease four percent." installation of insulation inwalls also yields a large energy savings but is more difficult to install.

the passage of air into and out of a residence through avariety openings (doors, windows, cracks, vents, dampers, etc.). (Figure15). AS was noted in the HUD single-family residence report on the heatingand cooling of homes, infiltration was the largest load factor for bothheating and cooling, about 55 and 42 percent, respectively." The amountof infiltration varies greatly from house to house because of differences
in construction and the habits of the occupants. ASHRAE (American Societyof Heating, Refrigerating, and Air. Conditioning:Engineers)

researchersdetermined that the optimuM rate of infiltration for residences should beabout one complete air change every 10 hours with no wind or indoor-outdoor
temperature difference.I5 With differences in temperature and slightwinds:,-the air change could be as great as 1.5 or one-and-a-half completeair changes per hour! Some people.fear a "too tight" house that won't
admit fresh 'air. This is not the case even in the tightest homes.. Some-times.the interior air may seem stale; if it does, open a window for a fewminutes. The number of door and window openings and closings, the use ofexhaust fans, the use offireplaces, the movement of air within the houseall affect infiltratidn." Aside fro6 these sources of infiltration are then crow openings around, doors and windows, as well as within ceilings, walls,d flbor's.

There are two 'approaches' `decreasing infiltration. One is to foster
conserving habits in occupants. The other is to seal cracks. Several tipsfor reducing infiltration are.included below:

1. Keep all .exterior doo0-3--aS well as those on garage, attic and base-
n nt--.tightly closed and weatherstripped.

2. Close daMper when ftreplace is riot in use.

'3. Use exhaust fans sparingly.

4. Close central heating vents when using room air conditioner and vice'versa,

5. Keep all' windows tightly closed when heating or cooling equipment isoperating.
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or Sections sometimes overlooked are the wall between
living space and an unheated garage or storage room, dOrmer walls,
and the portion of wall above the ceiling of an adjacent section'of
a split-level home. Pack insulation in narrow spaces between jambs
and framing.

Ceilings with cold spaces above and dormer ceilings._ An attic access
panel can be insulated, by spaling a piece of mineral wool blanket to
its top.

Knee walls whey
is finished as
tars.

ttic space)
iving guar-

4..Between collar beams, era

ing open space above fo
ventilation.

b. Around the perimeter of a
slab on grade.

6. Floors above vented drawl
spaces. When a _crawl spacE

0 is used'as a Plenum,insult
-tion is applied to'crawl
space walls instead of the
floor above.

Floors over an unheated
or open space such as over
a garage or a porch.. The.
cantilevered portion of a
floor.

8. Basemfnt walls when hal
grade Space is finished
for living purposes.
Mineral fiber Sill sealer
between,sill.and founda-
tion provides an effective
wind infiltration barrier.

9. In back of band or header
joints.

Figure 14. Proper loca on of Insulation.
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Figure 15:
tration Sites
in the Home.
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Use fireplace's on cool days but not. cold days.

7. Plan ahead; make as few trips as possible in and out of exter or
.ddors,

reseal openings, a number of measureimay'betaken, including weather-,
stripping,- caulking, sealing, and painting. :Weatherstripping closes off
the. space around doors or windows. different. types of weatherstripping
are available. Most aminexpensive-and-easy to install, as shown in
figure 16.

/.

Caulking it a putty -like material which is squeezed into cracks and
openings with a pressure gun. The outer layer hardens and can be painted
while the inner part stays soft and flexible to allow for eXpansion and
contraction._ Caulking should be used to seal cracks in walls and'jOints.

`All holes in txterior walls, roof,-,Or flooring should be patched. Broken
or cracked window glass shOuld be replaced.. All dampersand'vent.closurei
should be tight. OftoUrse, the fewer'windoWs and doors in:a:Kerne, the.
less infiltratiOn. ..Figure 17 shows where to make repairs on A0 exterior

'of the house;

Pounds

When it comestoinsulation, foundations and floors are frequently:oVer-
looked. _However, even if walls and ceilings are well-insulated, large
quantities- of heat can be paSsed thrOugh,uninsulated floors.andloundations.
Insulation should.be inclUded in floors, above. unheated spaces,. around the
perimeter of .slabs on a grade, and in crawl space and baSement walls except`.
in hot ,weather climates.

.

An uninsUlated.foundation Is a:good designifor :hotter climates because
it allowsheat-0 flow into the ground below, thus providing free cooling.
Masonry-foundation walls have very :poor_thermal resistance qualities so they
should not be overlooked.. Figure Ill'shows the lotation and application of
insulation for slabs, crawl spates, and foundation walls. Rigid insulation.
plus *vaporlparrier shoultbe used with slabs. The vapor barrier (usually.

a Sheet of 61-1. or plastic) should'be-. on-theinterior fatehf the insula
tion (the: Ode facing the interior of the house) to avoid condensation prob-
lems. .

Condensation inside the structure will cause rotting-and deteriora-
tion. No one type of foundation has better thermal properties than another
if eachis properly insulated; however, crawl space foundation provides
ventilation and separation from.eround:moisture in warm climates.

Roof

-The, roof. and ceiling structures provide excellent opportunities for in-
sulatiOn and shading The greatest heatless in uninsulated homes is
through the ceiling. (This is to be expected since heat rises.) Usually
there.is ampith:room above ceilings in the unheated:attiC space to atcornro,
date several inches of insulation. The average requirement for ceiling
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intulation is R-19 which amounts to about six inches of glass . fiber or
mineral wool insulation. However, to be a "Super Saver" the ceiling may
need an "R-Value" as high at 30. If the telling construction does not
p rmit'seVeral inches of inSUlatibn, such as concrete ceilings and mobile
h e3t ceilinq, rigid foam board insulation can be applied either above or
be ow the exfsting ceiling. (See Figure 19.) It shald be noted that
attics require Ventilation in both winter and summer; in wiht r the vents
let moisture vapor escape; in summer, the open vents carry w m air out.
(See .Figure 20.)

The most commonly used 'shading device in home construction' s the over-,
hang. Threugh.the use of properly designed overhangs; the home ca be

protected from the sun in overheated periodS and exposed in underhea ed

periods: Since the use of overhangs isldetermined by climate and orienta-
tion, it varies from one area to another.. Generally, it is desirable to
protect the home from .summer sun and 'permit the winter, sunJO warm the-
home, as shown in Figure 21. ,,,

,J.,

Another important aspects is roof color. ASHRAE 'and HUlYstLi4iesh VO
shown that Iight-colored roofing'Matterial is best, but 'that, the degree of
effect on.interior heating and cooling Tba0-1S*eatlY triquAncedibx7the
Amount of ceiling or roof insulation. Id the HUD test of SiiiglVfamilY
residences the change from a white roof to a blaciCroof only sligWY
reduced the heatin load while increasing &the cooling load substantially.1G

n the single4amily res'i'dence studied by the federal government, the
walls contributed approXtmately 24 percent of the heating'load and 14
percent of. the cooling laad." The thermal resistance of a wall is dee
miled,4y how readily heatpassesithrough'il. Heat is lost on cold days
by conduction through the walls and by actual infiltration of coldcair
through cracks and openings. Heat is gained in the same manner with the
additional effect of solar radiation. These types of heat transfer are
shown in Figure 22.

Conduction and i filtration through walls can be reduced by using insula-
tion, making walls irk tight, and by minimizing the adverse effects df
wind and sun. Uni sulated masonry and concrete walls are relatively poor
thermal barriers; therefore, iesulation must be added. Rigid or granular
insulation is used in the masonry cavity or rigid insulation is applied to
the interior of the wall. ;'The frame wall is easier to insulate and.can
provide the same protection. It is important to remember that walls are
easiest to insulate at time of.construction. As illustrated in Figure 23,
an energy conserving wall should have these elements:

1. A, weather surface:. to shed water and protect the other wall le-

ments, pre'vent moisture and air infiltration.

2. Structural support: to support the wall and other building-elemen





T LOSS

R ^11mA 7-





Insulation: to prevent conduction of heat.

4. Air space: to provide ventilation within wall elements and serve
as,increased

Vapor barrier: lo prevent -is ire,from entering the wall and to
prevent infiltration.

To'control the effects of solar radiation, light paint or materials on
exterior walls should be used in most areas. is Wooden trellises, horizon-
tal and vertical louVered panels, or grills may be used to prevent solar
heating of the house in warm climates, as illustrated in Figure 24.

dot. n __ore

Jpenings in a home (such as widdows and door flow heat to escape in
winter and enter in summer, creating a load on the heating or cooling
system. Eight times as much heat will pass through one square foot of
window area as will pass through one square foot-of wall area ,Thi's as-

sumes that the wall is insulated and the window has a storm window.P Even
a two-inch solid door with a wood storm door has a heat loss 3.5 times
greater than a typical wall."

A government report on single- family residences indicates that 15 percent
of the home's heating load and 4. percent of the cool* load was attrib-
uted to the windows and doors-,with the windows contributing 13,6 percent
of the-hea,ting load. Heat loss 'and gain. through windoWs and doors card be
reduced by storm panels, weatherstripping, double-glazing, vestibules,
shading devices, and wise placement. It is estimated that a 20 percent
reduction in heating bills could be realized by adding storm doors and
windows. They are also effective in warm weather where.they do not prevent
the utilization of natural-ventilatioe

storm door of. window is actuallSean additional door or window with an
space between it and the existing door or window (see Figure 25). Stor

niows will cut in half the.heaVythat passes through windows in your house
addition, they cut in half thee difference between room temperature and

window temperature. This preve*S the drafty feeling around,windows and
reduces condensation.21 (See Ffgure 26;)

Similar reductions can be achieved with double-glazed, windoWs or OA JC.
applied to windows. Double-glazed windows have two panes of glass factory-
sealed together with a small air space between them (see Figure 27).
Double-glazing has about twice the R-value 'of single glazing. The increase
in R-value is due primarily to the air or vacuum between the two layers of
glass:22 Heat transfer can be further reduced by triple-glazing (Figure 28)
However,this is cost-effective only ,in the most severe climates. Clear
OA c 0er-windows can accomplish much the samekpurpose as storm windows
or lazing for very little cost. The plastic is taped, `stapled, or tacked,
on,phe insidee_ or outside of windows but usually lasts only one year



Figure 24. Exterior Sun Shades: Louvres and Baffles

Figure S. Storm Window cft and Storm Door
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The government study also found that wood window frames reduce heat loss
about three percent more than aluminum frames." This is simply because'
aluminum is a Very poor insulator compared with wood. However, aluminum
frames with thermal "breaks" are also effective because direct thermal
conductance has been broken.24

The heat transfer through a door is determined by its R-value_
core wood door has a very low R-value and should not be usecl',0
door, but an insulated metal door, solid food door, or the ad'd_ii
storm door better. (See Figure 29.)

hollow-
._xterior

of a -

In addition to heat t4 fer through doors and windows, there is the very
important problem of infiltration. As described previously, the use of
weatherstripping, storm panels, and caulking reduces the infiltration- around
windows and doors and makes life more pleasant is well as less energy intents
sive. However, every time a door is-opened, air moves, in or out of the
house. The type of door one has affects the amount of infiltration per
opening:

ASHRAE has issued the following comparative values:

TYPE OF ENT

Sw door
Ves u

Manua Revolving door
Mdtorized Revolving door

E
_ -

INFILTRATION--CUBIC
FEET P-R DOOR OPENING

550
60
32

Of course, the fewer openings, the less infiltration.

41he government study found that, in addition to reducing heat loss through
the glass area, storm windows reduced infiltration by 50 percent.25 The
reduction of infiltration through doorsfyith the addition of storm doors is
not dramatic because the major source 'the infiltration is the actual
opening of the door. A more effective way to reduce infiltration through
doors is by the use of an air lock--an air space large pough to permit the
closing of one door before opening the secO*I. This can be accomplished by
using a vestibule or "mud room,"-as shown Pri*igure 30. Regardless of the
type of window or door selected, it'is important to select quality products
that are well weatherstripped and tightly constructed to cut down air
infiltration.

The wise use and placement of windows and doors can also reduce the heat-
ing and cooling load of a home. The fewer windows and doors, the less
the load. Window areas should not exceed 20 percent of the total outside
wall area or 10 percent of the interior floor area (except in some limited
areas of the country). 26 (SEE ACTIVITY D.) Windows and doors should

on the
should be

protected from the forces of winter wind. Avol placing openin
winter windward side of the house; use baffles, plantings, and overhangs
to, protect them from the full force of rain, wind, and snow while permitti
the maximum natural ventilation in warmer seasons. (Figure 31.) Solar
radiation through windows and doors (particularly sliding glass doors) is

40016110011101FM111.010dMIMONVE.-
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Figure 30. tlestibule Entry.

Figure' 31. Protected Entry.
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another important consideratfoh.' -The use of roof overhangs cap take.advan-
tage of radiation to heat in cool periods and avoid radtation In warm

periods. The results of ,the government study have, shown.that the use of
.windows and doors on the north, south, eaSt, and west walls have very
different effects on the heating and cooling load of the homendows
and doors on the,east and west side of the house represent great ficulty

in controlljng, low-lying sunand'Should be shielded and limited in size

and nuOer, Openings on the-north should be small and carefully designed
to conserve heat since this side gets very little sun, particularly in the

winter. South- facing windows and-doors have the greatest potential for
controlling the impact of the sun and utilizing its heat, in winter, with

the use of everhangS or awnings. If possible, the majority of -khome's

windows and doors should face south. Figure 32 illustrates these principleS:

Windows and doors not only serve as a source of light and heat (from
the sun), but also as a source of natural ventilation. Properly planned

openings can provide cross-ventilation to cool the house in warm weather.
The location and size of the openihgs can be manipulated to give the
optimuM ventilation for a specific need. Natural ventilation patterns are

shown in Figure 33.

In conclusion, the heating and cooling load of a home may be reduced

'b.Y:

1. Installing storm doors and windows.

2. Properly weatherstripping and caulking windows and doors.

3. Reducing the area and number of windows and doors.

4. Using wood or insulated and/or thermal work metal for windows and

doors.

5 Using a vestibule area.

Locating openings so as)to avoid cold winds.

Properly locating and shielding openings to opti-ize the effects

of solar radiation:

8. Properly locating openings for natural ventilation.

Ligtl

Lighting is the third largest energy consumer in the home, using about

10 percent of the total.28 This amount can be reduced by using fluorescent
in place of incandestent lights, reducing the level of illumination, and

by more enbray-conscious lighting habits. By using fluorescent lighting

in place of incandecent lighting, residential energy consumption for

lighting could be reduced 50 percent." Fluorescent lights are about three

times more effiCient, last longer, and contribute less to the internal
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3. Natural Ventilation Patterns.

Figure 34. Fluoresoent vs.
Incindescent Lighting.



YP

heating load of a home. A 25-watt fluorescent bulb, gives off as much Light
as a4100-watt incandescent bulb and costs one-fourth.as:much tooperate.
,(Seeligure 34.) The efficiency of a light is not determined by its wat-
tage:but by lumens/watt. Lumen is the name given to-the flow of light,
(the more lumens, the brighter the- light);' watt.is the unit of. electric
power. Although incandescentlights increase in efficiency with increased
wattage," fluorescent lights lhst seven to ten times as.long.n Incandes-
cent lighting creates an internal cooling load of four times that of fluo-
rescentlighting.3,3 Currently, there are adeqUate fluorescent fixtures. on
the market for baths, kitchens, and task lighting, but they are not general-
ly accepted for other uses in the home. The "warm" fluorescent lights now
available are a great improvement over the "cold" fluorescents mostlof us
are familiar with. However, a new fluorescent bulb may soon be commercial-
ly available` which can- be_directlysubstituted for an incandescehtbulb.:
The new electrodeless flubrescent bulb being refine' and readied for market
looks like a conventional incandescent bulb and canoe substituted without
replacing existing fixtures. The new bulb will use one-third the energy

-needed for incandescent.lighting.and will waste less energy. as heat. -:The
new bulb will have a much longer operating life (20,000 hoUrs) than-a-Con-
ventional incandescent bulb (about 750 hours). The initial cost of the new
bulb will be greater, but its lifetime operating cost should only belabout
35 percent of that of the 26 100-watt incandecent bulbs it could replace.

Another important lighting consideration is the amount of light ,used.
Although few quantitative data are available, it is generally agreed
that residential illumination is often-greater than necessary.34 The
levels of light needed to illuminate a residence arc' approximately 5 to
60 lumens for outdoors at night, '60 to 125 lumens indoors, and '600 to 1000
lumens for most tasks (see Figure 35).35 However, most homes are lighted
well beyond these ranges. In addition to reducing the quantity of light,
there is a need to light more effectively. Task lighting (bringing the
light source close to the task) should be used where possible to provide.
adequate light for less than ceiling fixtures. Task lighting should be
used in kitchens, baths, desk areas, work areas, and entries. (See Figure
36.) Solid-state dimmer switches can also be used to reduce energy con-
sumptiop while creating a pleasing esthetic effect.

The'cOnvenient location of switches also is an effective measure in
reducing energy consumption since they encourage the frugal use of
light. (If you don't need it, turn it off!) One 100-watt bulb burning'
for J4 hours uses the equivalent energy of one-half pint of oil.36 Even
if a light is turned off for as little as 15 minutes, money and energy
Are saved. Additional energy reduction measures for lighting are
listed below:

1. Keep fixtures clean.

2. D 't use ornamental lights.,

3. Replamoutdoor pc lights with switch-con iled electric lights.
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4. tong-life icande en bu s are, less efficient than ordinary
_o only use thbm-for har toreach daces (if at a 1).

4,..

Reduce the amount of needed light by creating light interiors.nteriors.

6. Use me'farge wattage i andesceht bulb instead of several small ones
if ne dedr(larOr bulbs are more efftcient).

7. Increa-'ge 'natural illumination where possible.



R FURNISONGS

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TaRECOGNIZE H

ENERGY-CONSERVING VALUE OF INTERIOR RON I SHINGS
AND TO BE ABLE. To 'SELECT AND (III LHE I NTER.I OR
FINISHING MATER IALS., FURNITURE', AND WINDOW TREAT- 4'

MENTS TO CONSEeRVE ENERGY.

The insulative value of interior furnishings waToften, been, overipoke
In a time of plentiful, resources, there was no impetus te select interior
furnishings' for their energy savings capabilities. The savings afforded

ray enlightened choice and use of furnishings can be significant. Fur-:

-nishings can augment the insulative value of the home, can help control
the impact of the sur, and can reduce loads on heating and cooling- equip-
ment.

'

-ior finishing materials include the permanent* iishes dr furnish-

in c such as wallbdard, paneling, paint, flogrinl, wallpaper, tile, ceil-

ing tile, acoustical tit 'and wall-to-wall carpet'ng. which are applied

to the inside&-a home: g'These'materials re usua ly install.ed9o.r applied

".by the builder and are included in thavost of the home. The interior

finishing materials can reduce energy cionsumptionin three ways-: (1) by

adding insulative value to the shell of, the house., (2) helping to cut

infiltration losses; and (3) by serving as reflective sLirTrces on the
interior of the home to reduce the need for artificial 1 ighting.

Any material that.is added to the shell of the home will add some nsula-

tiye value; however, some interior finishing matNriaTs have much greater

insulating.value than others: 37

Material

plasterboard l" thick,. -

paneling, softwood A" thick
paneling. hardwood thick

cork wallcoveing 1/8" thick
acoustic tile
terrazzo 1" thick
concrete -1" thick,

linoleum flooring
vinyl flooring
rubber floor tiles
carpet With fibrous pad
Carpet with foam rubber pad
for comparison) 1" fiberglass

UV

1.25

0.95
0.44
2.7:

0,08
0.08

0.05
0, 6

q 0.05
2.08
1.23

F30



With the addition of acoustic the to the ceilings, cork walls, and
carpet with fibrous pad to floors, the R.-value of the housinc shell could'
be increased signi-Ticantly. Unfortunately, the R-value of'interior finish-
ing materials is not readily available to the consumer.

Carpeting, a widely used and marketable interior finishing product, can
make an esthetic contribution and save energy, .too. FIiors, particularly
those over uniTulIted crawl space's and on slabs, tend to be uncomfortably
cool. CarpetTn916 which acts as insulation against the cool floor increase§
comfort and is an energy-saving alternative to raising the thermostat!'38
(See Figure 37.) Research at Kansas State University has shown carpeted
buildings to be 5 to 13 percent cheaper to heat:than uncarpeted buildings?
In Monsanto's research, "Thermal' Conductance of Carpeting vs. Hard Surface
Floorings," carpeting with a pad proved to have 53 percent more insulative
value than ally hard flawing tested because the` .pile construction of carpet
is a highly efficient insulator.'" The pilb and pad of carpeting forms
a dead air spacs)much like.that in fiberglass insulation, as shOwn in
Figure 38.

The advantages of carpeting as
(1) it is often cheape to insta
may be installed in new or exist
Of course,' fiberglass insulation
carpeting as an insulator.

on nsulative finishing material are
1 than either flooring materials; (2) it
rLg homes; and (3) it is easily maintain
under the floor 'is more effective than

Finishing materials' such as. vinyl wallcovering , paint, and carpeting
with a,materproof backing are beneficial as sealers for ceilings, walls,
and floors. They help fill, coal, or cover.cracks in a home which allow
air infiltration. . Another method to decrease infiltration is to add in-
terior,moldingS .where walls join ceilings and floors and around windows.

The proper' selection of irrt
the need for artificial light
reflect the most light withal
of minimal lighting. This
path areas where higher level

d.

r is r finishing Taterials can also reduce
ng. Light colors and smooth unshiny surfaCes
glare and, therefore, make possible the use

particularly important in the kitchen and
of are desired.

APrangcmcnt

Furniture se4ection can al I energy conservation in two ways: (1) by
selecting furniture* items that: will augment the:insalation of the home;
and (2) by choosing space-conserving furniture sucli'as multipurpose units,

!-Yolding.pieces, or pieces that can be stored,until needed, thus reducing
the interior space needs of th6 family. The placement of furniture can
add insulative value to the home and prevent the-obstruction of the heating
and cooling system.

'To add insulative value to c home, large mul
uhits, and:cabinets:can actually add up to an addi
of insulative Material or air hen placed along ex

less space: you have to heat -and cool, the less

se 11 units, stor
ional 18 to Winches
-ior walls. Of course,-

energy it will require.
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multipurp9se units (such as a sofa-bed) e'selected, a substan
reduction in-`space requfrements to the home may be achieved.

/

Furniture should not block hot or cold air registers or intake vents:
Obstructions reduce' the heating andcooling efficiency of,, the system;-
Seating areas and beds should Qat be"placed near drafts is the t ndency.
of the occupant is to compensate bY,%1Urning up the thermostat,

Energy ,transfer) (loss or gain) at the windows y be',i-educ d by blinds,
shades,draperies, or shutters. These decoratir-items -or.'devices,can

.

also control solar radiation. The insulative value of'dreperies and other
window reatments vary from "negligible" for metal blinds to "quite good"
for- i sulated fiberglass draperies. However, blinds are very effective
sh ing devices. The insulative value of the window treatment ifr'greatly
it creased if it is tight-fitting and forms a dead air layer be.tWeen itself
and the window. ,If. the window treatment is not tight-fittip.lc Partic0-
larly at the top, the room air will Move freely ,by conve0fon into(/nd
out Of the space between the window and the window treitMent, leaving
little energy-saving effect.41 ,See !igure 39.) TharWindow treatment:.
serve's ac a buffer between the temPerature -t the ihside of the window an.
the room temperattire and will; therefore, in,rra--,(e thermal comfort appre
ciably near a window.

During the cooler season, window treaIniepts 5hould be opened during
sunny periods of the day; during the, fight And other'times when the sln 4
is not shining', the windowtreatyedt should be closed to prevent-interior
heat from escaping. DurAngthewarme.r seasons, the use of Window treat:
Tents can reduce the eff4t1" of incoming ,,solar heat considera-Bly, The
window treatments should-be closed during the sunny portion of the day and
opened at night7to takilAdvantage of cooler temperatures. Exterior treat-
ments can be more effecfivelhan interior treatments. Exterior louvres,
shutters, o awnings should be considered in climates where' appreciable
air cOnditionfrid-is ed. (Figure 4e'.)

4Plans and "d(1,it-yo
shades. Out of wood,
attractiVe shades wi
32.5U a souive foot-

!

rself" kits are now aval able for insulating window,
-lyester batting, and c mmon hardWar , you can'make
a "AValue" u- to-5 and at a cost of.,only $l.50 to,
window _space.''`' '
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sECTLON 4 ENVIR NMENTAL CONTROL

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO BE AWARE OF
ii'IP-rfRENT7TYPES OF ENVAONMENTAL CONTROL systEms
.THE.. ADVANTAGES AND DISADVANTAGES OF EACH- Ra

i
FESSLONALS'ANDORGANIZATIONS-WITH HELPFUL -WA-
TON, :AND.. wAYs. IN WHI(li ENERGY CAN BE CO:BERVEDc

Jr). 1929, the American Society Qf Heft
=in j and Ventilating EngineerS

define "'comfort .afrI,Conditioning" as.th%ProcessIef treating air $o as.
control simyltanebusly its :temperature, :humidity, cleanliness, and

ti stributfon.Thts,- definition still' ,app11eSit9day, but has been furth
fined tdInolude ac.ceptablecljnittt .for each -of-of these, variables and t

Via.. tion of -a; rfotse--.1evel rettrictiok., conditcbuing s re-
erred heatinqiiane`cOoring; heating, 'latin

Concti flpriying .(FIVAC)I air condi ti eni-(ig and en.vtronmental tral
OfterOthese'-t& loo$ely,. and do Ati.nclude control of al 1.
the variables 'oned above.

A gjeat-' deal f r dentlar'energy--eonsumpioniS--forenvironMental
control' (the Federal-..Energy'Administratton estimates nearly 60 ercent):

.

nergy _ UldEte'-uSed more.:efficTentlY If-environmental -centrOl sYstems
.

e selected-and:1n Ailed. more carefully and used and maintained mot",
,4..

Erivisronme tal ctintrol ils.uqiqY requires fife The common. fuels, also
'called "f'ssil, fuels .,4 -are coal , fuel oil tu s,. and propane. Be-
,cause th bikning 0 coal v-resultS in the foriiiati riiderably-mThre

ul fur, dioxide7,- carb n .mon6kide, 'dirt, and:eshes bnipetitors, it
not desirabl as a residential %el.

.
I

Restdential heating and c olin ihayre experienced: a revolutliki infthe
pa 50 years. In the 19; `s, the major- 5porce of hOMe-heating fuel was

,

coa . Coal was then replac_,d by oil. After World Wart Ill, the era of
naiu fy_ gas began and in the 1960's Ielectrhal installations appeared.
With th current energy crurich, the questfon ,is "What 11 by he'
fuel o he\ future?" There is no guarantee, but, as oil beCO reserved

.

foortran 1-tation and indust -_ as 'propane'becg es s v d or' areas
wi thouct rl tural , gas, . an naFural gas becomes d nd prices 'rise,

many believe electricit ill play an 'Important rol. t ith the increased
duAti n of leotrici from..nu I fuel and eased use of heat

mps.an dva ced environmental eon raj systems, tmect i ci ty very wel 1

ayr beco the dominant meatt of heating and, cool i over the next.'y.ears.,...,

.



UNIT 4.

OBJECT:I

JYPES4:Or ENVIRONAENTAL'CONi-pOSTEM8

TOANABLE TEACHERS OR STUDENTS TO BE AWARE OF
DIFFERENT ENVIRONMENTAL CONTROL SYSTEMS, THE
ADVANTAGES AND DISADVANTAGES OF EACH.

Th4 choice of a system for a specif c home depends on several factors:
.occupant's- personal needs; size and structure of home; fuel available lo-
cally and its-tr.-lee; equipment and 'service available locally. Regardless
of the type of systeT, howeyer, tWojactors.are important for energy con-

. seevation: (1) the cap_cAt,Kand efficiency'of the equipment ; - and (2) the
distance of transfer f the generating equipmentIOthe point of actual
use.

Equipment should not be larger than required. Oversized equipment results
in short periods. of operation, poor comfort condition, and lower seasonal
efficiency.' Although the-proper- size increases :efficiency, enviroMientat
control systems have inherent unit efficiencies;' thatkis,: the work the ,

unit does (Btuit'.per ho -1.r er unit of;energy expended. (watt).. 'AO*
refersed to as'the'E fidencyTiatio (EER) of the unit.'
highV'r the EER. number, o efficient the knit.

7Another cSnsidertion is the duct delivery sYstem, Tae typeofdUct,
systtA.depenft on the type of s:trut ire, eq6ipmeat-location,.;and layout
of the building. Ideally, =ht furnace or a-ir conditioner shouldbe locate
near the,center of.the h- to minimlzelOcengths. ConsiderabWenelgy
ldss can !occur alonglhe ducts:unlessIthey a010 carefutly ifisulated.
sortie casts, room units ,Ps ould be eons de since they have 'ho

1.

Although electr cyesis
the overall fuel efpciency

9 rat' ar451 transmittiri-g

')Electriq resistince heaters

wall heaters,,raiant cable, radiant ceiling panels,
(see Zigure Electr.itityis sometimes u.ed aSW
.furna4 systems. The system May .be cpritt'a4,'ar,/t
furna for the fitstlflporandl(inefor_thc61
Forc4E7air system requires ductwork which',
for,air=condit' ning well, The most-Commti

an e eater
is only-

electricity.

take many..formS; ,furnxeS d' heater

100. perCent fficint in 'a 'house,'
- 0 percent t-bedaust

a -he

or.

xam
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systemsstems for-n00 r Pt al construction are split systems which/of an,outdoor.o6nd .ng unit CuMbirled with an indoor cooliDg
ed with ,a lurnaibe, 'oil. or elect-He-furnaces may be usecliwith

' Systems.° A tY'r,kal
. pljt. systemlis shown in Figure 42. Ductworkcal* be a source of considerable heat loss,unless properly installed and Insulated. The forced - *,System prOvides central (or'zone) heat controliair filtering, and air Circulatfon. -'This system must be properly main-tained-for efficiency Changing or cleaning filters Frequently. Addi-ional equipment may be easily installed ln the.systeth such 'electronicliter's, humidifiers? and'air,condttioners,

Baseboard heaters prowide heat by mivection.from
..placed at Floor level alone outside walls.,,The,hea
beidisturbed by the ftirulture or window treatments.
elude easy and quick installation-in new or existin
,room control.

Strip electric h ters
Circulation must not
Its advantages in-
homes and individual

.Wail heaters provide radiant heat and beat by convection. The units-hould be placed on an Outside wall. Due..40 hibh temperature, unitshou4d not be located Oose,,to- raperies, furnit e',.. or inside doors.These units also present a'haiord to children. Tire advantages Xre'individual room control and use where heat nly occasionally:

Radiant cable heat provides radiant heat',
dr- fjoors.. Its major advantages are virtual.
operation, individual roorrvicontrol,-and.-ool

- R nt ceiling panels-pro adia4t heat wire embed-ded n panels which are .000' with orsuspende ing. Itsmajor advantages are thatoft may be Used fdr t 'e e.hoOse or a speci4Now supplemental. or bularll eating-, it X go allows-for individualto nr control and easy nation in new or existing-homes.

or portab heaterS should be'usedeOnly'whe
were permanent installations may Polim

p l't
creates tit

ny portZbl,
r. .heater4w

itsaberator

temporary heat
011 The.man

Although,portable heaters thefi
sSible hazard Of be-ng.tfpped-oVer by:children

atrrrs Provicr th "fivone switches.- A
gave passed the_ri safe.tylgandard5 of the

k for. the DL s fftib on the heater itself),

Since World War II, the rr

condifidning aJ)ecesstt
been done overthe to c
'condft4mispg ``Preseutl
Xpmprefsor uhies may be uti
system; .thrtigh-the-maTfor

ican people have be
luxurpt A grey

ermine the most _pract
:the cqinprsso-r-iype u

crea,ingly,at air-
1 of research has
devi e. for air
is Most practieal..

ed in different.Ways in,the home: a mitt.: 1
indOw unit. (see Figure 43).
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Each system cools, Iehumidifles, and flit the air: 'A central system
distributes cool air through a duct system to every room.' The saMe,duct,

R may be used for heating and tooling provided the ductwork is proOkrly
zed,' Air conOtioning ducts must be larger than ducts used solely for

heating. A central system more efficiently cools an entire home than
several window or through- the -wall upit's; .howe-Vert a grept .deal-of energy
may be wasted if the,ductwork is not proftrly insulated. In ffiany cases.
it fs difficult and costly to install g central sysfem in an exfstnghowl.

The t -tqh-th unit `can he install °ed i In new or 'existing homOs.
should. d h on an outside wall,As practical." sue to trh
limited sourer caf Cora ir, uneven cooling throughout thrbome'41lay

N...
,-

.

The window no unit may he inxlrensively installed in anyehome where,
adequate wiring i Trcr sible. The units-ha :41 limited capacdey And ;eV
may be required to cool an entire home.. If ohly one room is to he coo
a window unit is sufficient And often preferrablc to' A central system.

All air crrnditioning units should be shielded from dire t4 sunlight,.
Placement cit units on the north side of the unto is' usuMly -st.4nir

neconditiors should be. sized to hold inside temperatures At
outside temp rature reaches 90°F. Experience air -c'ondikion dealers,
contracto'rs, And in Ostry-related profes:s1 n,al can !Ale uni Ni
neids.

in ac diticatr try Tilanper ca acity. air condition should f ed for
eir prcrformaru. ! A hillher performance unit will give c iderably

effialency. Check the unit's FUR rating as well'as its capacity.
inufacturer% give the FIR value for their unit. The Air - Conditioning

Refrigeration Institute (ARI) publishes a Viroflt of
-( Urn' t ory ficAt 114:71,11.;;o1471,1-.11',- Joor fhir fa 'I

i#11 1111.771,11fil,n1 which lists FR': for each unit,
FR for air (_onditioners range: from 4 to 1?. If the FfIt number is not

can be easily calculated as shown below:

and

F;:.1

Thy

giV

litu/h-

Watt:

Fxdmplv A- i ;clTparinrl two .00- to air conditioning units:

til rvquirv% /'

000

200

1xirr refAlcie

86
1 1+

r Ir 41.)00 watis

0? LIR



omp rinq a 45,000 Btu unit re
Ottr unit requiring 4500 watts:

NI EER, QO 9

NI is more efficient, butdo you need,
If you only needed 36,000 Btu hr, .th
prove 'to )o more efficient tn actual

would be oversized for the job.,

It Is not a simple matter to properly size an S11 i ttioning'un4t,

There are nujeciNe as well` as objective factors cohsidered.-. When

.nttalling'a'Central system, a reputable air cond1t1orli q contractors should

''Ine'conti-actor or an air conditioning en rver-will.tare-

fully calculate the reguiftd cooling load of the home using American '

Sootety of Healing,- Refrigeration, and Air - Conditioning EngineOrs (ASHRAE)

criteria and calculationS. lie will also consider such smbject'llom.concerns

as !the amount of shade on the home; the number and age'of OuirocCupants,

the r insulatien of the home; the anrgunt and orientation of windows, and the

financial means of Lh,e occupant.
f

A rule.of thumb (which should only be used is a check on.calculations. an

to avoid gross ,r'ro- for residential central air - conditioning

units i.s

lor a "n horse (eight -foo

percent 11 area lass):*

cei insulated

12,000 Btu/hr. or 1 ton for every 00 to 600 q.

no more Ian 20

f'floar space.

For a house with extremely high ceilings err excessive a area or

poorly iflcupted:

1? ,00() Btu/hr. or 1 ton for every 350 -'t_ 400 sq, of floor space.

*fhis "rule of thumb" for a. "normal" house may change for "tomorrow's"

house, if hbmes become better insulated and their occupants practice

energy conservation. habits

When purchasing a through-the-wall unit or window unit, the-consumer mus

usually rely on the salesperson's recommendations, Due to the lack of

distribution, several units are usually needed to cool an entire home; how_

ever, one unit can be used for -spot cooling such as a living area. A two-

ton or 24,000 Btu/hr unit would probably. be required tp spot cool a living

area with a, through-the-wall or.windowpnit. For complete home cooling, as

many as five units may be required with a total, tonnage in excess of

60,000 Btu /hr.

1



A
PulIT!

par
and
pum
it

increasingly use electricity for heating and cooling,-
an important opportUnity to conserve energy, especial
'electric furnaces." 1 If electricity is used for both he
heat pumps should be considered: The initial cost of a heat
tly higher than'a conventional electric resistance system, but
50 percent less energy.° Heat pumps are especially efficient
es where heating and cooling requirements are roughly equal.
works as a standard air conditioner for cooling and as .a.
nditionir for heati g; that is, ,it absorbs heat from the
d "pumps" the heat into the house.° (See Figure 44 :)

some disadvantages n using heat pumps. First, since heat
moth heating, and cooling, their yse may become uneconomical
needed. Secondly, he efficiency of heat pumps varies

.The EER value fo\ a heat pu p is given for optimum
ady state at full load; the actual seasonal performancd
less. The National 14reau'of Standards reported a 20 per

efficiency f \om the steady state EER for a typical
pumpoperatedin'Washington, D.C., area."they

ig,advantage of electric heat Pumps is that.they do not need to'
air since no coMbustion. occurs1 This greatly decreases the amount
h air othemise required in the'house, thus reducing heat loss and
m

,homes

offer
d with
cdollrig

is sli

sesibou,
in mild cl
The eat pum
rove Sc air c

outs 'de air -

Th

pumps
unles
with

.opera

will
cent
reside

One
exhaus
of fre
gain

a

e can be
prOvide
both ar
heClimat
iwof st
suilly be
rop in the
tial heat

Fuel it .for home comes in two grades. Number 1 oil is burned primarily
in:pot- ype burners. Number 2 oil, which\is heavier and more efficient,
is used in gun burne s. The burners are Used in a furnace orboilerfroM

heat -s transferred to the rooms of the house by,piPe.(Water) or
duct (a It isu ually a- central or zone system.

The of idency of t e system is diminished if the oil does not burn
properly. The oil filter should be cleaned regularly and the oil nozzle
should b checked andtleaned every year. If the nozzle becomes clogged
or sooty unstable combustion occurs which reduces efficiency, soils-theequipment, and creates a safety hazard. -

Gas urna'Ces are another variation of central heat* systems. Natural
gas and -liquified,petroleum gas (LPG, propane).'stbred_in a tank outside the
hot*, are the most commonly used home fu61 gases'in this country. Natural
draft gas burning furnaces or boilers must pass rigid-tests by the American
Gas Association and have a unit efficiency of atleast 75,11 Forced draft
gas furnaces, which are available but not marketed, could by 85 percent

88
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dent'. This efficiency measures only the energy conversion efficiency
of gas into hea (This is different from EER.) Little can go wrong with
a gas burner on e it is properly adjusted' Problems that arise should be
left to competent servicemen.

The energy waste problems associated' with other central systems (duet'
loss; infiltration loss such as that created by the use of outside air for
the process of burning and exhaust; equipment loss; and cyclic loss) are
also inherent with gas, but, in addition, gas furnaces consume up to 10
percent on pilot lighting."' This loss could be avoided through the use
of an electric ignition system, or reduced by turning off the pilot during
non-heating seasons. Heat losses for a gas control system are shown in
Figure 45.

Coal Furnaceo and Stoma

Although coal is less, efficient and dirtier than other residential
heating fuels, it is still in use in many areas of the country, particu-
larly in rural areas and older homes; A stoker-fired coal furnace has
an overall efficiency of around 65 percent." A great deal of heat is
lost up the chimney. Coal should be allowed to burn slowly since the heat
from a roaring fire goes up the chimney before it.can be used.14 A
heating stove has the advantage that heat lost from the stove and flue
pipe is directly recovered by the room being heated; however, heat is
till lost out the stack.

Coal furnaces or heating stoves must be cleaned each year. The 'Flues
and chimneys must be cleaned as well. This job can be done by the occu-
pant or a prolfessional. As the system is cleaned, check for joint leaks.
Duct tape can'be used to seal pipe joints.

A'small stove can be a low-cost way of getting some extra heat. Small
flat top stoves, "chuck stoves," "tin stoves," "Dover stoves," or "Warm
Morritng heaters".are available at varying costs. The recent rise in sales
and prices for second hand stoves indicates an increase in their use.

ridif'icr d L1c=1tu

During the heating season, the relative humidity of .homes is norwally
low. (See Figure 46.) The lowmoisture.content increases the likelihood
of static electricity sparks, itching, throat- and nasal irritation, and
body moisture loss creating a cold feeling. If moisture is added by a
humidifier, comfort may be achieved at a considerably lower inside tempera-
ture. yer-examele,. wip a relative humidity of:10 percent, comfort cannot
be-achieved even at 80-F. Humidifiers may be attached to:Central forced
air 'syStems or a portable humidifier may be used. Although the permanent

:humidifier services the entire house, a portable model can work just as.-
well if the house-has adequate aWcirculaticon:. A portable model is less
expensive, but may not have an automatic water refill or control. Thp
savings resulting from the reduced room temperature through the use of
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Figure, 4. Gas Furnace'Heat Losses.

Figure 46. Relative HOrniclity,
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humidifiers can mount to eight percent of the total nnual fuel cost for
a home.15

During the cooling season, the relative huMidity is generally too high
for comfort (except in arid regions). -At a relative humidity of 85 per-
cent, a temperature below 70 °F i.s required for comfort; however-, at 30
percent relative humidity, a temperature of 8eF will be dithin the comfort
zone. Under extreme conditions, interior-furnishings will-mold or rust,'
and occupants will experience great discomfort. A mechanical air condi-
tioner reduces relative humidity however, a dehumidifier may be needed in
excessivelyihumid climates or for specific areas such as basements, laundry
ream = abaths or kitchens. A dehumidifier may be installed in the central

ditioning system or a portable dehumidifier may be used for a
spec is area. Kitchen ventilating fans may also be controlled by a
humidistat to control excess water vapor. The-advantage of the built-in
system is that it evenly dehumidiftes air in the home. However, a portable
unit is less expensive and can be placed near the source of the excess
water vapor.

Natured VOi

In many parts of the country, it is possible to maintain indoor comfort
during much of the year without mechanical heating or cooling. It i5
practical in many areas to take advantage-of the daily temperature cycle.
The outside air may be as much as 35 degrees cooler at night than during
the day.16 In warmer seasons, open the windows and attic vents toOermit
night air to enter the house and close up the house in early morning. Do
the reverse in the cooler seasons, but remember in both cases to make sure
the air conditioner or furnace is not running when windows aee open!
(See Figure 47.)

Many elder homes were designed with features for promoting natural- ven-
tilation and some new houses. are again incorporating these idea-s. 'Oth
than through the addition of attic fanse it is difficult to'tbrivert an
existing houSe to take advantage of natural ventilation. Houses which
foster natural comfort control take advantage of solar orientatien,,have
properly sized and located openings, and minimize internal and external
heat gain.'

When-ventilating -a house in warm weather, air should be drawn in low from
the coolest side of the hbuse. WarM air should be expelleethrough the
attic or higWwindowS. A ventilator fan can be installed to increase the-
movementsd air through the house. Slight air movement also aids in pro-

'-widing"comfort thropgh evaporation.
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JIAINTENAW

OBJECTIVE: TO-ENABEE THE TEACHER. OR STUDENT TO BE AWARE OF
THE ROUTINE MAINTENANCE REQIJ I REMENTS OF TYPICAL
ENVIRONMENTAL CONTROL SYSTEMS AND THEIR EFFECTS ON
EFFICIENCY,

per maintenance can dgnificantly' tho efficien y of heat
and conlinq nquiPMeht ahemaY oven damage It. the housing oc,Tupant chnuld
become familiar with the equipment to the cle9ree that routine maintenance,
safety check;, and cleaning can he done. The occupant should obtain oporat-
ing manuals for all, enVirOnnental control- equipment O CoOSUlt, a dealer
or contractor to determine the routine maintenance required. The local
tillty company. can also prnvide information.

In genera I, the m our are f concern are the filter%, hrat exchangers,
and burner adjustments. In forced air ystem . filtration I; accomplished
by di.sposable or cleanable air filter'. These filter , Should be examined
regularly and replaced or cleaned when nece7,!,ary. fhe air circulation
through the furnace or air condi/Honing unit, can he reduced or even blocked
by clogged filters. When tta is homy__ the heat transfer 15 reduced and
can serinu%ly reduce the efficiency of the unit. In some La%e% tho furnace
may overheat and cag50 damage; or the air conditioning unit may ice over
In a clean house (with no hniq-lialred aniuol% or %IirddIng rurr-), the filters
should be checked :easunatly. In home: where.there Is material to (.1ou
filters, check, Oiould tv made every AO to tiO day--

If filte not maintained, dot and l lot.. will not Only
cause lo v. of eoerrjy and performance hut will also reach the hoat exihanuer,
or lind coil:. chi, treaty, a more seious problem %incr the build -op
fig ually acts os itr,ulatiOn and prevent

:-. the efficient transfer of heat
hetwe'en the unit and thf.'air. S reult, the unit will he-le v; efficient.
It is al so difficult. to 1:1 ran or rear h the holt e%(.hanuer. If it become-.
soiled. ra ',erviLeman tray have' to hr Lallcd to (lean it Gra%S, dirt. and
soil may htc hru:hed or bused off outdoffr conaen%inq cooler,. ur Gtr (Arndt=
ti However, can %Will,' remember that the heat em_litinge surface', are
frau i and tan he heat and dainat,it'd Pa!, i 1 y. lo aid in nl,airttAirrirg A 1- i Van
efficient unit, all grav'.., dirt.'and do=t old Le kept .1.0v from troth
indoor and outd

Oil fin (filto.! in, the oil 1 ine) r,ru.t Ire c,hor (led or rleinrd per'lrrriI
cally and the burner a1,11rited and examinetftit lew,t once a year. There a
very few ma i rr tr'nance rrquirment,. for oil or qa.. fornacwr. other han fil-
ters, However, a pr servis-eman %hotild he c,alleir,
trouble,
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Figur* 48. HigOttime Thermostat Setback.
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In many cases ingle thermostat is not sufficient. Zone control- -

independent temperature control for each area to be heated and Cooled
with appropriate distribution control (components to direct water or
dampers to direct air)--has several advantages. First, fuel can be

saved since only those areas occupied are heated or cooled. Second,

dicker response to teMparature change is possible. And finally, comfort

In sleeping and living areas can be individually controlled for dw;ired
temperatures. Tests have shown that Zoning can achievo energy aviriq of

At least 20 pe cent.2:.

[SE ACTIVITIES G and H.]

(1
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WATER HEATER

OBJECTIVE: TO ENABLE TEACHERS AND STUDENTS TO RECOGNIZE
HOW ENERGY COULD BE CONSERVED THROUGH MORE
EFFECTIVE DESIGN AND USE OF RESIDENTIAL WATER
HEATERS,

111.11114.

After space heating and cooling, water heating is the largest consumer
of energy in the home. As much as 15 percent of idential energy is
used for water heating and this accounts for three percent of all the
energy used in the United States.`' A substantial energy savings is
possible through the improvement of water heating equipment, efficient
operation, and conservative consumption practices.

Approximately 25 percent of the energy consumed for residential water
heating C0010 e ,,Avo(-1 by the replacement over a period of year of exist-

water heaters with more efficient. better insulated heaters,."' (The
average life of a water ,heater is 10 years.)

1070 natural water heaters accounted 'for` percent orresiden-
t al water heaters; electric for 25 percent; and oil for about 10 percent.
There ha,1 been a shift toward electric water heaters since 1970. Electric
water heaters are considerably more efficient in terms of energy used in
the hone 0 point elf use as can be seen from the table below:*

Water H

!eat Lost
Total ''' lie,_t Lo-t Up Flue
Heat ihrough Tank Turner PiT

it Surf;it.e Firing Ligt

(01 1 on o 1e( frit 10

11_)-(1,111- qa./LP() 100 0

---qa11-n foe] oil 100

°A1WM1111) A

1rCe'

0 13. 5

Net
Usable
Heat

78.8

45.5

43.5

lifu/hr pilot and efficiency of heat transfer to the water
;rnrccnt for gas/LPG units and'h/ percent for oil units.

, ,-.:.. Prepar f k the :Iona
,

1 , I rlrrnd,i t. ion try

Jan-, Mut( l). N-- 1,1(1;- NS1 , Rand t m'poration, Santa Monica. CA.
tti,, 101,

"lhe overall fuel .-, efficiency of electricity is less than gas and oil)
due to 111 rls forating and transmitting elec ''-ity,
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The table also indicates possible areas for conservation measures. For

electric water heaters, tank insulation is indicated. For gas and oil

water heaters, not only is insulation indicated, but also some method
for reducing flue losses.

The most effective way to increase water heater efficiency is through
the addition of insulation. If insulation (3 inches of thermal insulation)
were added to water heaters now in homes, the use of electricity for heat-,
ing water could be reduced by as much as ei ht percent (one percent of
total residential electricity consumption). Tank insulation becomes mo

cost-effective as fuel prices rise. At a cost of four cents per kilowatt
hour for electricity, six inches of insulation (owner-installed) wouldsav:
$4.90 per year. It would be impractical to install even two inches of
insulation if electric prices were one or two cents per kilowatt hpurl At
40 cents ter therm for natural gas, four inches of insulation would save
$10.70 peTryear; at 40 cents per gallon for fuel oil, four inches of in-
sulAtion would save $6.60 per year.27 Although the addition of insulation
to existing water heaters is beneficial, the cost effectiveness of factory
installed insulation is much greater:28

Hot flue gas losses are the major cause of inefficiency in gas or oil
water heaters. There seems to be no practical way to reduce this loss
appreciably in existing water heaters; however, factory installed auto-
matic dampers and increased heat exchange surfaces within the heater may
provide for increased efficiency,

The drop in efficiency as the result of pilot lights in oil and gas water
heaters may be alleviated by improved technology of an electric ignition
system (Similar to the one utilized by gas clothes dryers). However, the
heat produced by the pilot light is not lost; it actually helps maintain
the water temperature so that the main burner does not have to ,operate as
frequently.

Another factor which greatly affects the energy consumption of water
heaters is the thermostat setting. The higher the setting, the more dif-
ficult it is to maintain the water temperature due to the relatively lower
surrounding air temperature.

Wqter heater thermostats are preset at the factory often as high as
150`F.1° Normal household heated water use requires 140°F; however, if
the water heater services only baths, a temperature of only 110F is suf-
ficient:" Check to determine if the thermostat is set properly. Most

residential water heaters allow a temperature selection between 110 °F and
160°F. The Rand Corporation, has predicted as much as a nine percent
savings for electric water heaters and 15 percent for gas or oil if ther-

mostats were reduced from 140°F to 110°F,'

Hot water pipes are another source of heat loss. This loss can be

reduced by the following measures: (1) reducing pipe size; ...(2) adding

insulation; (3) making pipe runs as short as possible. (4) reducing water-_o
temperature; Or (5) providing two systems (one at 110 F for washbasins,
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baths, and showers and, another at 140°F for dishwashing and 1 u dry).

The practicality of these measures would depend on fuel costs, con-
sumption practices and structure of the home. Piping runs can be reduced
by installing the water heater as close as possible to areas of greatest
use such aswashers and baths.

It is especially important to insulate hot water pipes which run through
cold areas such as basements and garages. Also, insulated pipes r uce
"warm up" time.

Other practices may also reduce the energy consumed for water heating,
When not required for extended periods (such as during vacations away
from home), water heaters should be turned off. Timing mechanisms may
be installed to automatically shut down the water heater during periods
of little or no use.

Water heaters should be properly sized. An oversized unit wastes energy
heating unneeded water. It is commonly assumed that a typical family
consumes 50 gallons of hot water a day or 75 gallons if an automatic
washer is used.33 However, additional_ research is needed to verify these
estimates.- Quick recovery units tend to encourage greater use of hot
water since an unlimited supply is available. Consequently more 'nergy
is-consumed. It should also be noted that quick recovery units require
more energy per unit of water heated.34 Remember, a leaky hot water
faucet or pipe wastes energy as well as water. A leak of one drop per
second will amount to 650 gallons in a year's time 35

If solar water heaters were widely adopted, the energy savings potential
for water heating would rise dramatically. Solar energy can be utilized
to heat water in homes. Electrically boosted solar water heaters are
available today and are practical where fuel costs are high and solar
conditions favorable. In the solar-electric water heaters, which use
electricity to provide hot water during extended cloud cover periods, the
collector surface may be sized and designed to provide any amount of hot
water.. 36

The table on the next page summarizes the effectiveness of several mea-
sures to reduce thermal losses from water heaters and reduce their energy
consumption.

[SEE ACTIVITY I.]
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Alternative
Measure

Extent of
Measure

Type of
Water
Heater

Fuel Price
-Necessary
to Alustif

Percent
Reduction In

Annual
Fuel Use

Increased
tank
insulation

Lower hot
water tempera-

,

ture

Hot water
plumbing
insulation

Automatic
water shut
down

4 inches to
7 inches
3 inches to
5 inches

per 10°F
reduction

pe'r 25 ft.

of exposed
tubing

during:
periods o
non-use

electric

fossil fuel

electric

fossil fuel

electric'

fossil fuel

electric

fossil fuel

10 to 40/kwh

100 to 400/therm

(a.)

(a)

31,50/kwh

700/therm

150/kwh

900/therm

8.2 tp 1.1.0

21.6 to 25.0

4.5

5.8

1.6

0.2

NOTE: Percentage reductions in fuel use are not directly additive.

aLower hot water temperature is economically justified at any fuel
price since it requires no additional investment.

Source: Residential Water Heating: Fuel Conservation, Economics, and

Public Policy. Prepared for the National Science Foundation by
James J. Mutch, R- 1498-NSF, Rand Corporation, Santa Monica, CA.,
May 1974.
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INSULATION OF DUCTS AND HOT WATER PIPES

OBJECTIVE; TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THE NEED FOR DUCT AND HOT WATER PIPE INSULATION.

In many central environmental control systems, the conditioned air is cir-
culated to rooms through attics, under floors, or through other no -insu-.,
lated spaces: Since ducts lose heat in winter and gain heat in summer,-they
should be insulated with an installed thickness of at least one inchof
board type or 1.5 inches of wrap-on, good fibrous insulation or the
equivalent.37 (See Figure 50.) As much`. as 40 percent of the heating-value
of fuel may be lost through the ducts of a forced hot air system if the
ducts are uninsulated or leai.38. Some of the duct loss is regained by the
house, but a significant amount is not. t

Air-conditioning ducts located in attics are subject to' temperatures
ranging from 120 to 140 degrees on hot,sunnyda0.39 It is customary
to insulate inside the duct (approximately one inch thick)., but additional
insulation is-needed on the outside. in a very hot sunny area, as much as

_two additional, inches would be a worthwhile investment. Remember that
adequate natural ventilation can keep attic temperatures below 120 degrees.

It is also wise o insulate hot water pipes, particularly if they run
through non- insulated areas. The heat loss from hot water pipes reduces
the available water temperature, thus extending "warm-up" time and increas-
ing consumption. During warmer seaso'ns', the heat losS from hot water pipes
creates an additional load on space cooling equipment. In cooler weather,
non-insulated pipes are more likely to freeze. It is cost-effective to
Insulate hot water pipes with one to two inches of fibrous insulation.

%T 10t1M.
lit-A11014

Figure 50
Duct In-

sulation.
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SOLAR TECHNOLOGY

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THAT SOLAR TECHNOLOGY Cr, BE USED FOR RESIDEN-
TIAL HEATING, COOLING, ND WATER HEATING.

The objective of solar technology is to use the energy of the sun to
reduce the need for the use of other, more scarce, fuels. Solar energy
may be used to heat space, cool space, heat water, and generate electricity.
However, at this time, it is not economically feasible to use'solar energy
for all of these tasks in homes throughout the United States. Solar energy
is most economical in, areas which have high energy costs, scarce fuel

supplies, severe climatic conditions, and generouS quantities of sunlight.

The sun's energy may 'be used by passive means, with ,no additional,
energy,- or active means, where additional energy such as electric fans
or water pumps or electric heat pumps are used to transfer the sun's '

thermal energy. 40 In the previous units, a number of passive means were
presented for collecting solar energy; fOr example, placing the majority
of a,home's windows on the south side to trap the winter sun. However,._
passive means are iriost:,valuable in sunny regions, since the sun's energy
cannot be collected when or where the sun doesn't shine. (See Figure 51.)
The sun's heat can_also be used passively to create ventilation through
the house. This was described in UNIT 4.1. Or the sun's thermal energy
can be used to directly heat water for-domestic use The trouble with
passive is that you may not-be able to get the energy when you need it or
where you need it, and it is very difficult to store for' long periods.

In an active solar house,many of these problems can be overcome by using
collector, transport, and storage systems. The collector absorbs the sun's
energy; then a fluicior air is used to transport then thermal energy to

4where it is needed, or to storage. Additional energy may be needed to move
the thermal energy to where it is needed. A heat pump may be used to draw
the thermal- energy from storage and to provide supplemental heat when the
sun's energy is not adequate. (See Figure 51.) A variety of collectors
are now on the market which may be built into new houses or added to

existing houses.

Before selecting, purchasing, or installing a solar system, you_need to
investigate it thoroughly. The Federal Energy Administration and Office

of Consumer Affairs have developed a buyers guide, Buying Solar. Also,

you may obtain additional information from The National Solar Heating and
Cooling Information Center by writing to Solar Heating, P.O. Box 1607,
Rockville, Md. 20850, or by calling (toll free) 800/523-2929 or in
Pennsylvania 800/4624983.
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Figure 51. Passive and Active Solar Systems
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APARTNENtVCONDONINIUM'

I` ='1-: FD ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THE "lIeRGY CONSERVATION CRITERIA TO BE CONSIDERED
OLN IELECTING AN APARTMENT OR CONDOMINIUM.

-rvat r1 oniclue to apartNents and condo-
recidet w,ent; and cOndbminium-,

or Iiioi 5, with ,,everal unit s A building. This
or;)ortnotty to !,,Ive energy, since an apartment

1,ftftoot to anotnor ANIrtent or' condom'inium
ulheJted Yea on thot side, for' example, an

rtace exposed than an exterior or end
wIl rduire it !7eatino or coolIng. It can be seen

La41'111.,e 11,1 f-komed surface than Rowhouse 1

ied on two Allartmelt i Figure Y,! has ;even
1111.-. I t r, bounded nil two S I cit viol] A Above and

r
An ':.'r ,r An .r1}.rl'tMint tlr .. ondomi ilium which of th heati1111

M : '1111'; l', 'hi. I I or t loin- tin wh COI i 1. is located. Due to t111,
fA, 1 ii! 111'Ar rr.e,., A;'xdr I :Jirc en uppqr floor,: fend to be warmer in the

,., 1 7; I t, 7- !.,.:; t ho .0 ,,I, 101,0r t 1001'. ; tl 110 lifitoll t I. on the lower level tend to
. , 1 l',.1 in the .1. .; ='r II, vet., It fiat ura 1 vent I I a 1 Ion i. a Ill 1,1 or con-

, el 11, a b bx,ollent level MAV tlAVO littio or no hn

, ::n! ,it,or--. lrl apar:ment and condominiumYare Jom protected
wi-ii T ,),IrWl' iIli'. rl,lie, the noulber, .-.1oani1 ori n ion of-the
.,Ird,,v., Ind d.itir'. If 1,orta1lt_ For e,1i-p1e, An aoa fment 111 a cold climate
w v h I I I i t . , i 1`, 1 0 , , : , L I , 1 nq 1 1 0 1 1 1 1 1 i 1 1 0 1 1 4 1 ( I I core ( I I f 1-1 C11 I t and expet,ive

h,' .1f ':- !Awl ,Ilh' 1n wPii, 11 i no window, 1,1I Is ...with: Care mw,t al.,o he taken
10'00 710 It tno ,1:,1 peo ,;III be Oladed by other' buildinw. or by

ir 1 1.

1 ( ht't41111nr, r 1:11provr 4 condominlum or apart.-
vnt ,drc %nould Liken llr IL, '.1'1e5 2t1o11'. If the apartment to

;,rfe,.' \ 14 t Holed, I i WOO t1 111.. A-,k the co,j
l e . ! r 1 , 1 . 1 0- 1 1 . 1 1 1 1 I I I t p r i . I Mrt 1 1 1 1 ( 1 ' t I t l 1 y I I I , 111 11',1111Ipt ( 101 1wh
tw d A Tni oW, f

71,1.`t't -1 f t'itortly t on, f I WI f tI f Ilt 1111 r III I lit) v.ii 111onO0 and other
r 0 il .1 I If ' ' 0 i i ''!"`i'l 11, I ir'il 111'.-,1 la t 1011 Or `. t (HMI t1 TO ,11111 th1(11.` I f tin 111;0'

111`I'' 11 1110 hi'.111101-',I 01111111111 ,111J 1,,',1111 I.,. MO . N1'111)1'1 1111111.'t t", --ttl 1-y t'tn,i-dy
\-,..1,, 1 0 ..0, ,r. t tv11 1 t11t111 Clot-II'', , 1111prupt.11 \.' Vt`lif t,t1 1,11111(11'y 1.11 1 Iii. ft".. or

4-t!:=It I'd 110 1'.1',1 ,11.I', I"
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OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO-RECOGNIZE
THE ENERGY CONSERVATION CRITERIA WHICH MUST DE
CONSIDERED WHEN SELECTING AN OLDER HOME,

Older homes have advantages and disadvantages in relation to energy,
conservation. First, an older home has a history for heating and cooling
which should-be obtained from the previous owner or the utility company.
These data can tell the potential buyer the heating and cooling cost in
previous years (remOmber to adjust to current rates) and indicate the
relative energy efficiency of the home. If the heating or cooling bill is
high for the size of the home, one should ask why and how it might be im-
proved. If additional insulation and equipment is needed, an adjustment
in purchase price may be onOrranted. If the ceiling is,uninsulated, a small
investment in insulation by the new owner can make a large difference in
utility costs.

certain features of older home, nay make them energy-inefficienlp Very
old homes may not have any insulation and inadequate infiltration barriers,
_.g., buildin,g paper, foil, caulking). The table below shows the. R-valuefor the surfaces of houses as they used to be built and how they can be im-

proved for even A cold climate.

Typical
Old House R-Value Retrofitted Old House
Surface

Roof 3 insulate with 12" fiberglass,'R ,.. 43

Wall 4 insulate with 3V blown insulation -R 18

8 seniort lO insulate walls with A", fiberglass or 2"
styrofoam, R 20

Ground floor a insulate with 6" fibor6lass,(-R,. 25

Door

Wi.ndow

add storm door, R F 3, substitute insulated
door, R 10

add storm window,
shu R = 10

acid insulating

Source: Maine Audubon Society, 1,:?,102,(71j EV? c ti rn Ppoi 'Falmouth, Maine=
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OBJEC 1 I VE TO NABLE THE TEACHER OR STUDENT TCY. RECOGNIZE
THE ENERGY CONSERVATION CRITERIA WHICH MUST ,18E.
CONS !DERE]) WHEN SELECTING A NEW HOME.

.New homes are restricted by local building codes and frequently_ by the
FHA -MPS (Fed ous ng Authority, Minimum Property Standards). Although
these codes naquire certain construction materials and techniques, the
Standards are minimal and usually do not afford optimal energy savings,
where "optimal" means the minimum cost of buying pLueloperating the house
over its lifetime. A prospective home owner or person planning to build
a new home should obtain the regional code" restrictions. FHA provides
checklists and'guidelines for builders and homeowners: Of course, it is
easier and less expensive to build in energy conservation measures than to
add them later. All of the features and'practices discussed in Units
3 and .4 should be considered when buying or building a home. Although
energy saving features usually tend to increase the parchase cost, the
increased mortgage payment will often be more than.offset through lower
utility bills.

12?
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OBJECTIVE T 'tItiABLETNEJEACHER AND STUDENT,TO RECOGNIZE
Holcgs AND PRACT. ES OF ENERGY.CONSERVATIONi

-WASTE, AND EFFIC1E Y DURING FOOD-PURCHASE,'
STORAGE, PREPARATIO AND CLEAN -UP ACTIVITIES,

The high productivity of the American food industry depends on large

quantities of energy to produte, process, transport, store, and prepare

a large variety of foods.' Asa result, advanced agricultural systems

are running up an energy deficit. As the geographic distance from pro-.

ducer to consumer lengthens, the degree of processing increases, and

energy is substituted for labor and natural soil fertility, the energy

deficit increases.

In 1910, the energy content of ''pod produced in the U.S. was slightly

greater than the energy used to grow, process, and transport the food.

In 1970, however, nine times a$ much energy was consumed by the food system

than was contained' in the food produced.2 In other words, by the time'the

food reaches the consumer's plate, the total energy expended is many times

that contained in'the_food being eaten. It is the processing, transporta7

tion, and distribution of the food that absorbs most of the energy. There-

fore, it is wise to select food items carefully,,as well as to store and

prepare them efficiently.

The holfe preparation of food accounts for almost four percent of the

total.U.S. energy consumption. The maior.in-hnine enerav consumption for,

food occurs in storage (refrigeration end freezing) and preparation

(ranges, ovens, and small appliances)

The storage andyreparation.of food includes energy use- -by appliances

both directly and indirectly. There is direct use of ene gy for refrig-

eratio , cooking, and dishwashimg4 The indirect use of energy is for hot

1,q.g

water, to maintain a comfortable room temperature where appliances are

operatl , and for manufactu'ring the appliances. Appliances and equipment

account for 33 percent of the energy consumed in the homer The. water

heater, refrigeraton, and range are the top energy users. ' Included

in the Appendix of this Guide'is a listing of appliances and equipment
found in'Ameriean households indicating their average yearly energy

consumption. ,
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OBJECTIVE: TO ENABLE THE TEACHER AND,STUDENT TO MAKE
ENLIGHTENED FOOD SELECTIONS AND TO PRACTICE'
JUDICIOUS PLANNING, SHOPPING, AND BUYING
TECHNIQUES,

Few people realize the extent of the indirect use of energy to produce,
foOd--energyconsundd in thp manUfactureof food-related equipment, maw-
faCture and transportation of fertilizer, pesticides, and herbicides; manu-
facture, maintenance, -sand operation of farm equipment. The higher up the
food chain, the more energy is consumed by the product. For example, beef
cattle are more energy - intensive than vegetables, and man is more energy-'
intensive than cattle.' (See Figure 54:) In an energy conservinesociely,
a conscious effort would be,made to shift from animals raised on fe6d. Tots
to animals raised on the range, from animal prOtein to vegetable'protein;
from meat, fish,:poultry, eggs, milk, and cheese to soy products wheat
gerrw, dry beans,:peas,iand lentils. (_Figure ,55) [SEE ACTIVITY

The morrofirectenergy costs of preserving, packaging, and transporting.
food. are the m©st- obvious. Drying food to preserve it can require little
energy, particularly if done by solar energy. Canning uses more energy.
than drying: Freezing requires even more energy, andenergy,must be con-
tinuously used during %storage. To Conserve energy, reduce the use of
extensively processed foods. Of course; fresh foods eliminate the energy
and cost for-preservation..

A major source of energy waste is in packaging: 'Often more energy is
embodied in the container than the food itself. One way to reduce this
inefficiency is to cut down on disposable containers: Another is to .pur-
chase food in bulk. The most energy- intensive food items are in throw-away
aluminum tans, 'plastic bottles, ready-to-heat frozen packages, and aerosol
cans. The packaging makes a great deal of difference; for example,twice
as much energy is required-to Produce a 6-ounce aerosol spray can of'cook-
ing oil as an equal amount of bottled-cooking oil.' The reuse of containers
could yield a dramatic energy savings. The Environmental Protection Agency
estimates that if 9Q percent of the market used returnable beverage con-
tainers, the equivalent to 92,000 barrelsJrf oil per day would be saved.6

The greatest single-inefficiency in the food system is in transportation
of food from the market to the home.? The use of a two-ton vehicie-the
family car- -td transport 30 pounds ofifood several miles once a week is
grossly inefficient. To conserve energy, shopping trips shouldbecarefully
planned. It is helpful to write menus for a few days or a week and then
make a. shopping list. Consult newspapers, radio, and television for bar-
gains. Since freeway driving is nearly twice as economical as driving in
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ure 54. The Food Chain.



Figure 55. Vegetable Protein vs Animal P
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heavy c, shopping t 41 01 'ca ully combined with

jorrInu 1 trips." Better yet, hl ko or walk t4 a store in your Immediate

area. LS C VTIVITY M.]



AJECTIVE' TO ENABLE TEACHERS AND STUDENTS TO jDENTIFY
rf

THE ENERGY UAES.RELATED,TO FOflD STOPAGF,AND
HOW, THROUGH PROPER SELECTION AND 09F OF AP
PL1ANCES, u1F -46y CAN SCCONSERVED.
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keeping a
can he kept o- a minimum amount of time.

the locati-or of foods in the -e or

niteranco of refrigerators and freezers also affects their e=fficiency.
The gasket5-3round the doors should be-kepl in good condition. To checl
the gasket. closo the door on a piece of paper. If it pulls out with no
drat, the seal is had and the gasket should he replaced. On .e:1.1cei.rost-
int] refrigerators, keep the condensate drains c leaned en all models keep
condersor coils clean for Ma<iMUM efficiency and conservation of energy.
-711 di;' attachm.-mt on the VACUUM cleaner can be used to clean the conden-

(locAtrd at either the bottom or red- of the units/. Dust or the con-
denser and coils causes the ail:Mance to run lonqer. The freezer should be
defrosted Lefore frost becomes 1,..-nch thick to avo d wasting energy hy
OVCrWri,i1(; the cvlpwssor. [JCL ACTIVI-Y N.=

Carr '.11101(l he taken to .u!--e proper air c'.rculdtion around refriyratw'
frivzilT colk Jhd cor;pre,sor. As the unit's heat exchangers operate,

is he Without proper _irculatron the air tempera
turf around tilt: xchArkler hocorle:; overheted and the efficiency if -the unit

diminkht,d. Lnder pxtrow conditions the compresor may 'burn out."
Lefrigora7o-s Mid troc!or. .;houlsi not be placed in closets or
with p.Irr circuhtlon. i! is helpful Hi avoid placing the eolpillent in
(owr-,.



FOOD PREPARATION

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO SELECT, USE,
AND MAINTAIN COOKING APPLIANCES AND TO PRACTICE
FOOD PREPARATION UCHNIQUE$WH1 H FOSTER ENERGY
CONSERVATION,

The preparation of food includes energy use for appliances to combat
additional internal heat load and to heat water: Energy can be saved by
the proper selection, use, and maintenance of appliances and judicious
prepara ti on pea ct ices.

The major enrqy con timer for food preparation is the rang., which,ranks.
-fointh after the heating/cool inq system, water heater, and refrigerator in
hone energy consumption. As can be seen from Appendix C. the other appli-
ances used foe food preparation (blenders, broilers, toasters, coffeemakees)

very little energy compared to the ran---i. Therefore, the range offers
greatest-oriortunity to conserve.

The first consideration is the selection of a range. Ranges are rela-
tively efficient appliances. Surface units on electric ranges are about

percent efficient and appro ximately 55 percent of all food preparation
done on surface units:-8 Cooking inside the oven is generally a more

f.7:icient use tit' energy; since the heating k intermittent, much heat is

retained within Notoven walls and there is less convection loss. 19 Due to

i
the necessity Wrioven ventilatioiT for good baking results, oven efficiency
could he increas_id only minimally. However, self-cleaning ovens, because of
their additiona7 insulation, require less energy to operate than standard,
even5. Also, microwave ovens are quite efficient for cooking certain typos

f foods. Although ranges do not now have energy consumption fact tags,

Awy will be labeled in the near future just, as air conditioners and wfrio-
T ;a LOOS a ro. for t=ug tine being, the cionsurwr must rely on reputable

ear u. rers and dealer 5 when seleCting cooking .

In addi ticrri to of anef quality of the unit, the consumer should
consider- its apropriatenoss fTr the family's lifestyle. They use over-'

si.-eJ units is very inefficient. Microwave ovens, _toosters, corfeernakers,

and other small applionceA should be ust;:d when appropriate., There hils been

some question (15 to how much energy a microwave oven could wive and. tests of

oft icieny are 17,ein done now Consumers Institute has found that nlicro,
off.or the greatest energy savings in cooking small to ledium quanti-
f"concentrated foods such as meats, potatoes, dossert- and TV din-

t but, Choir studio=, indicate some foods actually refit more (,nregy

it a microwave Gven than Cooked conventionally. Sbnie of the t.ris t resultt;

aro given on the rolluOmg pace:
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Food Energy
Cooked in Microwave Oven Consumption

4 Baked Potatoes
1 Frozen TV Dinner (1 ls6 oz.
Casserole (4 cups) ,

Sumner Squash (16 02.)
Peas and Celery 31/2 cupS)

Frozen Broccoli 10 02.

60.7% less
79.3% less
58.4% less
58.4% more
48.1% more
30.2% more

*ccm - conventional cooking method

{SEE ACTIVITY 0.1

than ccm*
than ccm
than ccm
than ccm
than ccm
than ccm

as range pilot lights have come under recent attack due to their energy
consumption (/3 to 1/2 of the total gas used by the range.) 1 Aowever, in
addition to providing a starter flame, pilot lights -provide the safety shut
off system for the gas supply and a small amount of space heating in winter:
Thus the issue isn't as simple as it might seem at first glance. For in-
stance, if phe'oas were used to generate electricity, about two-thirds of
its energy ivould be lost at the power Oant alone. Appliance manufacturers
are seeking to reduce the energy waste of pilot lights by using smaller
flan -res. Also, electric ignition is currently available on at least some
nodels produced by the najority of gas range manufacturers.

The key to the cost of operating cooking appl ancs is the way in which
they are used The consumer has the opportunity ic exert a great deal of
control over the energy consumption of the range, cooktop, or oven. First,
cooking appliances should be used as they were intended:

1. Don't use the range for heating the kitchen. This wastes a lot of
energy since the range is not an efficient space heater. It is also dan-
gerous!

2. Don't use the oven as
start a fire.

/

It is not economical and it can

J. When cooking only small Oiantitios, it is usually more economical
trr Ise small appliances rather than the range top or large oven. Toasters,
waffle' irons, skillets, grills, popcorn poppers, fondue pots, bean pots, and
cofloemakers use less energy for their specialOed joh than does the range.
If you have both a small and large oven, rse the small one whenever possible

4. Preheating the over is often unnecessary and my be a waste of
e orgy. When preheating is requi4,--ed, or when baking One is only a few
minutes, avoid preheating for lower than 10 minutos.;i Use a timer as
reminder that the oven is heated. Surface units should mitt. be preheated.



Put c tS-and-_ nr t-he-- -r -ange top before the heat is turned on to avoid

wasting heat.

5. Don't be an oven peeker. Every time the oven door is opened during

operation, the oven temperature drops 25 to ,50 degrees.23 A range-with.

an oven door-window might be a good investment for-the "peek -a- boo" cook.

6. If food must be kept warm for extended periods, store it in an
oven set no higher than 140©F to 200°F. (caution: Food mav become

contaminated if kept warm at temperatures below 140°F. 241) A `cod warmer

built into the range usually requires less energy than the or surface

unit when- used for keeping food heated. Foods, plates, and Matters can

be Warmed with the stored heat remaining in an oven after baking with no

additi9nal energy use. A ceramic tile warimed while baking can be used to

keep_rolls hot during the meal instead of keeping the oven on or using an

-electric bun warmer.

7. -Drown foods on medium high heat and then reduce to medium or low

to finish cooking.. This will reduce shrinkage and spattering and will

consume less energy.

Use a timer with as loud bell to avoid overcooking and wasting

energy.

9. Take advantage of the heat-sensing4elements on gas and electric
ranges to control the surface unit. It allows the unit to cut off the

energy supply and coast occasionally while still cooking. Electric surface
units can be shut off a short period (5 minutes or so) before the food is'

done. The food will continue to cook from stored energy.

10. Remember to turn off all units immediately after use. A warning

llght or buzzer is helpful as a reminder. Establish the habit of turning

off the range before removing the utensil.

11. When cooking on top of the range, a ven
air directly to the outside and ease the burden

system. But don't let it run needlessly.

an can exhaust heated
the home's cooling

The proper selection and use of cooking utensils can afford. additional

energy savings. The following considerations should-be made:

1. Pots and pans should fit the surface unit. The bottom should

cover the heating element but not extend more than an inch over the edge.

This will help minimize the amount of heat loss to the air. If the pot or

pan is too large for the surface unit, it will heat unevenly and heat will

reflect down to the range top around the unit and eventually craze it.

2. To ensure minimal heat loss from the pot or pan, it should have a

flat bottom, straight sides and a tightly fitting cover. Good utensils

allow less heat to escape and lower heat settings to be used. A pressure

cooker can cut time and energy even more.

I
1



3. Ceramic, glass, and stainless steel utensils retain heat better
than other materials. When baking with these materials, the oven setting
can be lowered 25 degrees.

4. Slightly lower temperatures can be selected when using tefloh-
lined utensils for frying: or pan broiling on top of,the range.

5. Use a tea kettle instead of a pan for heating or boiling water to
avoid heat loss through steam.

6. Cover saucepans whenever possible. Focid will cook faster and a
lower temperature setting can be used. Be sure the lid fits tightly.

Care should be taken not to use energy for cooking appliances unneces-
sarily.

The
water and thawing foods are the most common causes for

waste. The following tips can help avoid unnecessary energy -usee

1. When heating or boiling large quantities of water, start with hot
tap water where a major part of the heating has already been done more ef-
ficiently by the water heater.

2. Large amounts of water use more energy and lessen the nutritional
' value of foods. Use only enough water to make steam and avoid sticking
when cooking vegetables. The water will heat faster and conserve energy.
Remember to,reduce the temperature to simmer as soon as the steaming point
is reached and use a pan with a tight.lid. Vegetables will retain more
vitamins and minerals and taste better.

3. Frozen foods require more energy than completely thawed foods
whether cooked in the oven, under the broiler, or on top of the range.
For example, a roast that has been defrosted requires 33 percent less

, cooking time than one that is still frozen -25 However, exercise caution
to avoid bacterial growth.

4. BriFiling meat is faster and more efficient than other methods.

IgiEnfrgy-conscious cooks schedule and plan for the most efficient _ of
then. appliances. Cooking several items at the same time and choosing
cooking times carefully can conserve energy. Following are suggested ways
in which cooking might be 'better planned and scheduled:

1. Sometimes it is more practical to cook several dishes at once
instead of reheating the oven several times during the day. Two or three
dishes can be baked with little more energy than one. For example, if
three dishes are to be cooked at similar temperatures (325, 350, and 375)
pick the average temptrature (350) and cook all three, making a small al-
lowance in cooking time. The oven (which is more efficient than the range
top) can be used in this manner to prepare the entire meal.

2. Preparing multiple recipes for meals like spaghetti seuce, soups,
and stews that take a long time to cook can save energy. Then refrigerate
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or freeze for future use.

''- 3. By dividing a skille with foil several dishes can be

prepared simultaneously.

4. When baking or cooking foods with extended cooking times try to
avoid "peak hours" (8 -11 a.m. and 4,8 p.m. are usually the peak hours ). 26
During peak-hours,,utility companies often use less efficient means to
provide for the higher demand for electricity.

r

Proper maintenance of cooking appliances is also important, not only .to

conserve energy but alsoJor safety. Clean appliances work moreeffi-effi-

ciently, more safely, and certainly more hygienically. Proper inspection

of equipment will help insure efficient-operation. TheJollowing steps
should be taken to maintain the efficiency of cooking appliances:

1. Keep heat reflection surfaces clean, especially the reflectors
below the heating element on top of the range and the entire oven.

2. For the most efficient use of fuel, gas burners should have a

steady-blue flame. A yellow flame means it needs attention.
'4+

3. Make sure the pilot on a gas range is properly adjusted. It may

be using more fuel than necessary.

4. Have faulty switches, burner

professionally. Check ,the oven thei
mometer.

and thermostats fixed promptly and
stat every six months with a ther-

5. Make sure oven door sea1slar e tight and not leaking heated air.

6. Air filters on exhaust fans must be cleaned periodically to work

effectively and efficiently.
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FOOD CLEAN-UP ACTIVIT

OBJECTIVE :. TO ENABLE THE TEACHER OR STUDENT TO IDENTIFY
ENERGY CONSUMPTION FOR FOOD CLEAN -UP ACTIVITIES
AND TO PRACTICE FOOD CLEAN-UP TECHNIQUES WHICH
FOSTER ENERGY CONSERVATION.

7.111.0AIMMOWEIMIlr

The clean-up activities for food include disposal of food Material,
cleaning of appliances, and washing of dishes and utensils. These activi-
ties involve the use of,energy directly and indirectly_ The use of ap-
pliances such as dishwashers, food disposals, and trash compactors involves
the direct use of electricity. However, the use of hot water involves the
indirect use of energy to heat the water.

There has been a great deal of controversy as to which cleaning technique
requires more energy--hand-washing or dishwasher. There is no simple answer.
The energy involved in hand-washing is for hot water, generally 15 gallons
per day,and to combat the increase on the house's cooling system created by
the heal from the hot water.

Dishwashers use energy in four ways: circulate the water; heat the water
and dry the dishes; consume hot water; and combat the increased internal
heat load on hot days. Dishwashers vary in efficiency and the quarititY_of
hot water required. At present, manufacturers are not required to label
dishwashers as to their energy efficiency but may in the near future. Their
hot water consumption varies from,5 to 15 gallons per load.27 Check the
manufacturer's label for voluntaryenergy and hot water consumption in-'
formation before buying a dishwaShW Consumer practices also have a
great effect on the energy consumption for dishwashing. When using an
automatic 'dishwasher, the following practices will help conserve energy:

1. Accumulate dishes until the dishwasher is full before washing to
avoid fuel, hot water, and detergent waste Be careful not to overload
the unit or block the circulation of water. Consult the operation manual.

2. Scrape dishes but do not rinse them before loading the dish=
asher. If rinsing is necessary, use col&water.

3. Use only dishwasher detergents. Other cleaning agents can block
the washiHg action, causing overflow and requiring a second wash cycle.
Also, use the proper quantity of detergent.

4 _
.

4. Partial load cycles, rinse-only cyCles, mid-cycle turnoff, and
ther sPecial features are designed for energy conservation as well as

convenience, One modification, a dishwasher power-saver switch, can cut
off approximately f_3 percent of the'total energy consumption (both hot water
and operational energy).29
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Dishwasher drains and filters must be kept clear of debris so as
not to reduce efficiency or cause overflow.

6. -Dishwasher energy consumption can be reduced by .about one-third
by turning off the dishwasher after the finalrinse and before the drying
cycle.30 Let the dishes air dry, After the final rinse, turn off the
control knob of the dishwasher and open the door.

ME.

7. Don'tsuse:the dishwasher as a plate warmer.

8. On net days-use the dishwasher at night or in the very early
morning to avoid extra heat in the house during the day. Automatic
Others may be attached to the dishsher to avoid "peak load" operation
(usually Ik8,p.m.) and thus to help the electric utility in its problem
of meeting peak demand.

When washing dishes by hand, the following practices will help conserve
energy:

1. Use two containers, one for. 'ing and another for rinsing, to

avoid an excessive use of hot water.

2, Avoid washing dishes after each meal. Rinse dishes off with cold

water and collect them until a sufficient number to warrant a full load
is gathered.

3. Allow dishes to drain dry rather than drying with a towel (air-
Aried dishes are more germ-free than those dried with a towel)and avoid

-'Adding dish towels. to the laundry (a40 energy) load.

The use of compactors and food disposers requires little electrical
energy and conserve energy over other methods of waste disposal. Com-

pactors save municipal collection costs and the energy required for waste ,

handling; food disposals also save energy over other methods of waste
disposa1.31
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CLPTHING SELECTION

OBJECTIVE; TO MiSLE THE TEACHER OR STUDENT. TO MAKE
ri:NLICIHTENEP Cl OTHIN6 SIftECT!ONS WHICH WILL
FaSTER ENI-RI Y COIL5ERVATZON.
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also he washed ip coldwater, and synthetics require lower ironing

temperatures than natural fibers. -S 1l repellent fabrics not only require
less frequent laundering than regular fabrics, but areeasier.to clean.
Read the garment tag.carefully to determine the proper care procedures.
Remember, "dry clean only" fabrics are more costly to clean, bdth in'raoney
and energy, transport to the dry cleaner, use of dry cleaning chemicals,

mechanical equipment, plastic bags for protection. [See Figure. S7.]

Before buying, always -try on. ready-made clothing to check for fit, ap-
propriateness of style and color, and defects in manufacture. This will

-help avoid a trip back to the store to return unsuitable merchandise.,

When selecting patterns, fabrics, and-notions to do home sewing, select

everything on the same shopping trip to save fuel for transportation.
-Your'time and energy will also be saved.

AMICMWMILOIMI=1110111_

cur Clothing Ldbul':,
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IVE: TO ENABL_ THE TEACHER OR STUDENT TO RECOGNIZE
PRACTICES FOR cLoTHING C NSTRUCT1ON WHICH WILL'
HELP.'CONSERVE ENERGY,

Ihr ue.,0% of r!rierrly fOr clothing cofr,tructiop include electriffity for
!lectric r.ewing machine, hand irOn and lighting. The major
energy user is not the wwing machine but the iron. (See Appendix A.)
Theretorr, thought :hould be given In way; lo reduce pressing time, the:
number lit prev.ing %ev,inw, and the temprrohiro -,ettino of the iron.

It hentificial to stitch as mu t; (is poy-,ilde before pr If the
'Awe color fjirt.ad can he risen, Iwo nr more garment!. can he worked on at,
the ',Imo LiMe. 'fwvvrol %P011P, ../101111-Mv titChPd 'al the !;aillo -.Minn before

Do is much prer,'.ing A: pov,ible at one Lime and turn the iron
of i hawurn lire %%Ing It the pressing %(;%ion will rrquire a lot
cif time, turn off the sewing machine light. Alwar, !odect the proper
temperature on the Iron for the fah.ric you are wwirig to reduce the n-.
forepeated preing% and the danger cif ",corching.

By ut.i liiing natural light, the need for artiti
,ivn ided. Mare the sewing roach ine 'near a window.
NAtursi I light may hi used for cutting and pre',,sin

i(11 l iglifing may he
rid ',taw during daylight.
a ire ll.

I loci ic u, i ',stir.. us very I i tt Iv energy arul pr v ide I he adva tago crt
cutting several lay. cloth at the .,,,,ime iu 'However, uw them
frmiAlly Thoy Ari_. retie Appr r,lir i,ite fr >r gill cut-t ing ,joi;.

Tt r'a t:rY tc fficient electri equipmen t, must he 1 operly m i intained.
rn lit the manual for wwiriq machine to determine its main qhince

requirements. Keep `,ail equipment clean and fit r, of lint.
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CLOTHING CARE

-EqTtVt:. TO E ABLE THE TEACHER OR STUDENT TO SELECT AP'
FL'I CE AND RECOGNIZE-PRACTICES THAT WILL FOSTER,
EN W CONSERVATION IN THE CARE'OF CLOTHING,

Hcinte care of clothing involves the use of Appliances which consume

electritity-:and hot water. The largest portion of the energy used for
lhome laundering is used to hat water. The largest contribution to

energy conservation in the home could he realized by switching from hot
to cold water washing cycles; this could amount to an annual savings of
about nine dollars:' per household or about 10 percent of the energy used

to heat water. A msavings equivalent. 100,000 barrels per day eD) of

.01 could be achieved by the nation if cold water washing were adopted.'
the the Average,hotAwater temperature is 130°F;warMowater

temperature is 105'T; and'cold watertemperature is around Water

temperature s currently used in home laundering in. the 0,S. are hot

water, 30_,percent; warm water, 50 percent; and cold water, 20 percent ".

There ire a number of energy conserving features to look for when
purchasing appliances such a5-'washers-, dryers, and irons:

Look for certification seals,uch as Underwriters' Laboratories
(q). As!4ciation of Home Appliance Manufacturers (AHAM) and American

Association Lobo (A(GAL):

2. inquire about the amount of hot water and electricity required to
(complete a normal cyct'e.; ther are differences in these respects among

the washers on the market,.

t

3. A "soak Cycl-" featu clothes washer is an energy saver; .

can be used '10
be washed

,on stubborn stains so heavily soiled clothes need

4, Design of the washer should permit a partial filling of the tub
en less than a full load- etwash is to be done.

Select a washer'With adjustable water controls which allow the user'
select the water level to match the-' Size of the load.
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6. Many washers have "adjustable wash -time controls. By matching wash-.
me to load and soil levels, washing longer than necessary can be avoided.

7. The automatic controls on the washer should permit rinsing to be
performed in cold water regardlesS of the temperature selected for the
wash.

8. Suds -saver features allow for the reuse of hot.and warm water for
several 'Mese features permit the use of the warm water from the
first load for the washing of the second:load,.and so on. This saves
not only energy.to heat water, but Water and detergent. You can save up
to 27% on water and 33% on detergent for laundering:6

9. Permanent press cycle4 on both the washer and dryer use lower
temperatures than regular cycles and are especially, lesigned to avoid
wrinkling so no ironing is necessary.

10. Look for the proper capacity washer and dryer for your specific
needs. Large capacity washers and dryers can handle in one load what
small ones must do in two and so save energy. ' However, an underloa.ded
large,Washer or dryer will waste energy. -Capacity is indicated in terms
of pounds of clothes. Portable washers are available which will wash and
rinse a load (approximately 1/2 the size of the normal load in an automat c
washer) in just 22 gallons.. However, both the wash and rinse water can
he reused twice. This can save as much as 63% on water used for laun-
dering.

11. Dryers should be equipped with a buzzer to indicate when clothes
are dry so they can be removed before wrinkles 'aare set,

2. The most accurate type of control for dryers is .a moisture sensor.
automatically shuts off when clothes are properly dry.

13. An "air fluff" .cycle dries without heat. This can be a big adVan-.
tage in drying delicate fabrics or feather pillows..

14 A "damp dry" setting on the dryer. saves energy by .reducing drying,
time anal allowing clothes to be removed when ready for ironing.

15. Look. for an iron with fabric settings(to insure the proper tempera-
tures to avoid wasting energy and scorching.

The use and maintenance practices for washers, dryers, and irons 'should
be directed toward the conservation of electricity-and'hot water. This
involves an attempt to reduce operation times and temperature settings
to a minimum without acrificing effectiveness. The units must be
properly maintained to avoid operation inefficiencies which will require
more energy to do an effective job. The following operation, maintenance,
and practice tips will help reduce the energy demand .when laundering:



Read the operation manuils,for your washer,Aryer.and iron 'and take
advantage of energy saving instructions. Read maintenance nstflictions

and'follow them carefully.

2., The major cost in,washing clothes is tiie hot water used. The more

wash that can be done With cold or warm water,-. the more'energy that can
be saved. AZwayo rinse with cold. water. Sort clothes. according to" 'fabric

and degree of soil since permanent press and washable woolensandilightly
soileacTothing:can bewashed-in .cold water., There_arpHq number, of cold

water detergents on the market, many.with.germicides-which take the place
of hot water for killing. bacteria. [See .Figure 58.4.

Figure 58 - Cold Water Washing

3. It is a good idea to locate the washer near the 'Water heater to
minimize heat loss in pipes. And be certain there are ho leaks between

water heater and washer.

4. Both the:washer and dryer must,be properly loaded. Collect laundry

until there is'a. full load. Automatic washers and Oyers .gp'through the
same cycle fora full lead or a single ItEtwunless they are equipped with

a small load of mini-load cycle. ,Be careful net .tp overloacL Overloading,

reduces -the cleaning action 61 the washer. and the drying action of the
dryer as well as resulting in more abrasion, liftWand wrinkling. Varying

the size of the 'garments in a-full load allows for freer circulation in
washer and 'dryer.
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Use the special features on appliances to conserve energy; i.e.,
short cycles, mint-load cycles, cold water rinse, suds-savers, soak cycles,
timers,4misture sensors, selection controls

6. 'Use- the.appropriate water level, water temperature, washing time,
drying temperature, and:drying time for the type and size laundry load.
Separate drying.164A into heavy and lightweight items. Since. the lighter
Ones take less- time'to,dry; the -dryer:dOesn't have to be on as long.

Dryers should b9 installed in a warm place to reduce the amount of
heat needed,; avoid placing dryers in unheated areas such as garages,

and,utility 63oms.

8. Keep thelint screen clean in.the dryer, remove lint after each load.
--If the waster does not clean its lint filter automatically, you must
clean-it aftei' each load: Check and clean the dryer'exhaust on the'

. _ .

;.outside of the house occasionally.

9. Dry clothes in consecutive loads to take advantage of the heat from
previous 16iids.'. Small items may be dried on the-stored:heatifrom a pre7.-
vious.load.

10. With' the use of an old-fashioned clothes line (a practical solar
energy device!), the energy consumption required for drying can be
eliminated. .Sun-drying also has a germicidal effect, adfA needed humidity
in the winter or in arid climates, and makes linens smell fresher.

11. DaMp drying saves energy and prepares clothes. for ironing without
sprinkling. Natural fibers sucnas' cotton, wool, orlinenneed a small
amount of moisture to avoid leelinThars'n and becomiiig Wrinkled., Over-
dried clotheS are difficult to

12. By emovin61othing.and linens 'promptly from -the dryer and folding
or hanging them-taTF*44.4)y,. many items will_ require little or no ironing.
Some dryers ate. equipped -fors' eitetal minul of "fluff,only" with inter-'.
mlitent signals as a reminder to remove permanent press items before
wrinkles set; -

.1B. Hand irOnsconsume as much energy as ten 100-watt light 'bulbs.
T me can be.roduced by ironing large natchk_of clothes at one time,
avoiding heating *.the iron several times, ironing fabriCS which require-
low temperatuxs,during war6-up and cool -down periods, and'turning-Off
the iron when interrupted for-any length of time and when finished.

14. Use the.lowest'iren temperature required for each fabric. For.

example, synthetics require thelowest temftrature; silk and.'weel require
medium temperature; and cotton and linen require high temperature. Match-

ing the temperature setting to the fabric prevents scorching or under-
pressing.
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IISECTION' 8 PERSONAL CARE

OBJECTIVE: To ENABLE THE TEACHER WSTUDENT TO RECOGNIZE
WAYS,IN WHICH ENERGY IS CONSUMED AND MAY BE
CONSERVED FOR ,BATHING AND GROOMING.

Flathi,ng and grooming activities consume energy for hot water and elec-:

trical equipment operation The major consumption is f9ir hepting.wateri
.offering a stgnificant'potential for savings in an area OVer,which the A

consumer may exercise a great deal of,control. Also, the current popular-

ity of a wide variety of grooming and beauty aidS:which require electricity
or hot water increases the demand for energy. SaYings can be achieved

thrbugh energy-conserving fixtures equfpment *chase prctices, and, uses.
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OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO .RECOGNIZE
THE WAYS:IN WHICH ENERGY IS CONSUMED' AND MAY
BE CONSERVED FOR BA;THING,

I

"

The National Bureau of Standards (NIBS) reports that bathing accounts
for 42.percent of the daily use of:hot water in the horny" :1 Approximately
88 gallons of water per day are consumed by the average :family in the
United States for bathing-(see Appendix B) and thy average point-of-use
temperature is 105°F The energy cons,UMecritor hot water used when bathing
may be'reduced through technology and f6gal conSuMeepractices. Some
suggestionsare'given,in this unit.'

The average shoWeri',u eight gallons of water, per Alfhtite There are
showerhead flow"centrol devices which can.cut the flow to three gallons
of wafer per minute.' The reduced flow rate: is compensated by increased
pressure to insure effectiveness. By;install)ng a flow restrictor or a
new showerhead with a smaller flow rate andjiolding the duration of two
showers to 5 mtnutes each, a reddption.of 30 gal)ons perd,wofhet water
coulthbe realized.' At present 64rgy rates, this .would result in'a savings
per yOar of $10.25 for gas2fired4water heaters, $29.,00 for oil-fired 'Water
heaters, and $36.00 for electric' water heaters ..3 r'

mony devices are available to limit the flow of '.water from showerheads.
A simple washer is- the least expensive,..',but more elabprate flbwHrestrictors
are available which maintain a constant .flow, l.f tl. 6 preSsOYeArops,,- the
deviceOpens wider to :maintain vconAt4ht fld

It isi:somewhat to-ex*t'peciple to'redUce tie number or
temperature of th( s or showerignifiCantly, but theyshould,be
encouraged to reds amouht Of water they. use;:,,-"A signi-Mant savings
could be achieved L .asumers would take short showeras opposed
lengthyshowers. or tub baths. A short shower uses less hot water, thus
less energy.5 (SEE ACTIVITY to

. .

A full bathtub requires'about 36 gallOns of water. minimum water level
for arbath .(to allow for proper rinsing) is about 10 to 20 gallons. laki4a
Sho**th the water running constantly requires eight gallons per minute
withb4t'a flow control device. That' means' 40 gallons for a five minute
shower up to 160 gallons'for a twenty minute shower. A 'flow restrictor can
reduce the water for showering to 15 gallons for a five minute shower. By
turning the water off while Seaping up and using water only for wetting down
-and-rinsing off, only about 4 01-10fts-Adji-b-6-meckW.

4.
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he use of,hot water at the bathroom lavatory is another source of ener
coOSumption. The typical lavat())ry faucet permits a'flow of five gallons
per minOte'whenwi,de open: With the use of an- aerator or spray tap, the.
flOWjsreduced,(mixing air with water makes the flpl seem larger than 'it

Aerators'can reduce water consumption at bathroplavatories by
42 -POrcent. Flout restrictors also be used on lavatOrfauqts, giving
aASAvings of about,25 percent. It is estimated that a-spray, top can save
50 percent over standard faucets.6 Spray taps are more commonly. found;
kitchen sink faucets than bathroom lavatory faucets; fiiiwevpei becdOSe_ of,
their' :energy savings potential, they may become more popular .(A, Maximum

temperature control device at the point of use may also reduc energy
consuMption by limiting the flow of hot water. Its main purpose, however,::

as a safety device to avoid- scalds. ). Aerators, spray'taps,and flow
restrictors, though'they vary Widely in price and type, are all-quite cost-
effective.

Of course, every 'effort 'Should be made to avoid leaks,.. particularlY.,,
from hot water faucets A hot,water leak not only wast waterbut also
the: energy required to heat it.

If consumers, demand other'methods and improved technology in regard to
hot :water consumption, several,possibilAties'exlst:for development. One

ofthesOs the improvePdesign oftubs, shower stalls, and' TaOtOries..
These fixtures could beJnsulated, made of a materjal:whicb.feels warm'
and will 'pot absorb'ortraAsmit heat ,:and shaped to fit the body More
closely.

Another way to reduce hot water is by mixing hot and-cold water -at the
water'heater instead 'of adjusting.the 'faucet. This .can be accomplished by
adjusting the valves on the water .heater which are sotto determine flow
rateand.temperature.7

:

Research is now underway in the area of waste water reclama n. It

may be possible to reclaim the heat from the waste Water 'from 'tubs,
showers, and lavatories, as well as to reclaim the water for flushing

-toilets.

Follewing..ls a list of several
'when

1. 'Take short showers instead of baths.

vin: energy and hot water

2. ii'educe.:the duration of showers.'

3. Fillthe lavatory with warm water, rather than allowing i
- run when washing or shaving. '

4. During winter, .allow the water for baths to coo
to the bathroom) before draining.

lsing heat



5. Encourage members of your family to bathe one after the other (or
gether) to take advantage of-the warmth of the fixture and room)

from previous use.

6. void draf near the tub or shower which would encourage the use of
a higher water temperature:

7. Che o leaks around fixtures.- 9
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OBJECT I VE : TO ENABLE THE TEACHER OR STUB 1T 'TO- RECOGNIZ
WAYS IN WHICH tNERG\4,45 C UMED AND MAY BE
CONSERVED FO f;ROOMINT3,

Grooming involves the consumption of ho =t water, electricity, and petro-
leum products Although the quantity of ,-y-consumed for one "grooming

process or,beoutyprodOct may be small Appendix t), when many pieces
of quipment arc ,involved',(, or when energy is wasted the_ costs mount up.

- T followingbeauty ai(han(Lpqiipment are commonly used' for grooming:
ric oirictric hair.dryors,:nlectricjiair curlers and irons,

(-J0,1,Ahh*05hos-, Oincfrie Water pump-tooth'-And-gom,'Cleaners, contact
utoClaYes., electric make-up mirrors, plectric,manicure,spts, electric
,miSters, and electri6..4;hoP,,bufferst,001iShers-Th15-doesnot,IfIclude
hroom dros5.inTarea wqpipment whi,h may he in operation; 11tjht 'r

heaters, o lamps, heatlamos -ir conditioners,. and dehUmid-

use of these itOMS, as
boillutY'Ttoduct;; (whi Are petroleum produCts

, .

iodication of the lat -r merry con- .ryatIon

.prevail; in the United,.5Lates..

Iv! i nip , t d Way

to 1 i t USO Of', (iglu itiment
reduce energy consumption is to
redUct fon i the quantity 0 r
The fol low i olt Arr t ips td aid i

l'-as the extryagant use of
the mst part) is an
-begs which cui'Wntly

reduce the energy used i.AroOming
requires electricity. AnOthr-WAy,.to

estrict the os.0,of hot watOr..A1:5-io,

-leuM productil tildireCt13(!_0v?,!'
saying energp,while grooming':.

1 . When no 1 ranger in of; e , equ ipinent he turned tiff
d Cored (out of reach p young ch i 1 dren

equi-pment'should be,-p roper] y ma Gheck
therition:tat5 ,- and sedk. Kee -1 ment-C 1 eon

3. Use equipment 'y when nee
posy ible brwr,h. your :teeth "by,tiond , and

4. Keep 11/1ht fixture;1r d
Keep exhaust15C 1 ven.t.-1

faul ty

For example, d r dry hd- wh

P01 i511 your shoes ''by hand:

cl van.

6,', Avoid overheating Oroom. An .exha

excess heat and moisture frct A bathroom more
tioning,

may be used o -remove

i en tl y than by ti -condi
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`An electric havrar may be more er
with 1 blade' eat deal n, hot wnl
;hay 9 cream,
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OBJEOTIVE:- TO ENABLE THE TEACHER OR STUDENT TO REALIZE
HOW ENERGY IS CONSUMED BY ENTERTAINMENT DEVICES.
AND HOW'. ENERGY COULD BE SAVED THROUGH IMPROVED
ENTERTAINMENT PRACTICES.,

Hor en__ tainMent for the most part means watching television, listen-
ing to a radio, or play'mcg tapes, cassettes, or records. In 1970, the
percent ofA.S. householt having televisions was 94.7.1 The large number
of these devices multiplied by the amount of time they are being operated
alarms conservationists.. Energy could be saved if more Americans-would
entertain themselves. A return to reading, card games, table games,or
even 'good cOnversation would reduce the amount of energy used for enter-
tainment.

In addition to a reduction in the use of entertainment devices, it is
important to qarefully select the' o devices. Color television sets use,
about twice as much energy as comprable black and white sets.' Also

"tube type" sets require about twice' as much energy as cnmparhble so,0d
state sets.3 Extra features such as "instant on" and wireless remote
control reqpire more energy. The extra energy is not consumed in turn ng
the set on or changing the (. Out in keeping parts of the set on

timv--even when the i s turned "off." (See AppendiX A,)

Energy consumption information for tape decks, record Players, and radios
varies'greatliy, depending on life style; however, when seWtting these
devices it is wise to choose .areputabledealer, look for' the Underwriters
Laboratory (DL) tag (not only-6n the cord but also on the unit), and
wider paying more initial cost to save money in operatinD costs.

The way in which entertainm6nt devices are used,and maintained alSo
affects the amount of energy consumed. One of the major problems is'
leaving equipment on unnecessarily. Nevell* let the tel radio,

car 'rebrd player entertain an empty room! Often the TV is Only being
listened to, not watched., The program may bd,'1)Poadcast on radio which
require only one-sixth the energy of television. However, be coref01 not
to continually turn off and on'a "tube type" unit; heating and cooling the
tube; repeatedly wear's them out AlscOion't allow several devices to
operate at the samejime. It °might help if small children are not en-
couraged to operate these pieces ,equipment,

All enitertainment devices shotild be kept cioah and frm of dust. Dust
on tubes t Iu,es therm to overftoat and reduces their Iitetime. Post on

AVeriffatiONOJOSOM.SM.4



television screens greatly-reduces the'quality the picture,,While dust
on record and tape players, not only reduces the sound quality.butnay
'also damage the records and tapes. -Records and tapes, are petroleum.prod-

uctS', so-great-care sho0d be taken_in their"use and selection. Teenagert-
and young adults are the major market group.for tapes and records,and tend,:
-to;purchase the "current hits" which are soon discarded. Possibly tapeS,
-and records will be recycledin the future.

"Tube-type"-devices Must have good air circulation,to cool. Therefore,
they should be placed- here air will-be free to circulate around them
(particulaly in the back). Don't place "tube- type "" devices on shelves or
in cabinets where there js tittle or'no air circuldt'jn. If you have an
"ihsfant oe'pleyfsfon,,,unplUg the setlen.no out: will be using it for
an extencted,ame e:g.,Vacptions).
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SECTION 10 IMPROVING ENERGY EFFICIENCY IN. THE HOME

OBJECTIVE TO ENABLE THE TEACHER OR ST6UNTTO RECOGN
HOW TO IMPROVE ENERGY EFFICIENCY -IN THE HO

ZE
E.

There Are many ways to save energy in the home; some cost money, but
many are absolutely free. They all save the occupants fuel and money as
well as keep them comfortable. HUD- estimates that each year American,
homes waste the equivajent of about'2Zabillion barrels of oil which could
be saved without sacrificing comfert.:i Energy an be Saved by-adding
insulation to homes, by proper upkeep of homes and apOlianCesand by
minor interior alterations.

[SEE ACTIVITY S.]
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UNIT 1001 ADDITIONAL INSULATION

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO DETERMINE
IF ADDITIONAL INSULATION IS NEEDED IN A HOME,

Probably the single most important way,to improve energy efficiency in
the home is.by adding insulation.2 Most home5 are underinsulated;_some are
not insulated at all! As shown in Figure 59, walls, floors and ceilings
should be insulated. Insulatiwcambe easily added by the occupant in
most cases. It is usuallyea14e"St aid most effective to install insulation
above the ceiling. Next easiest is under the floor. The most difficult place
to add insulation is in Valls. Furthermore, the addition of insulation is
cost-offective; that is, it will more than pay for itself in energy savings.
The following steps should be followed when insulating-,your home.

1. DeterMine how much insulation is desirable fo-- the
.particular climatic region in which the home is located.
This is most easily accomplished by asking the local
utility company or the State Energy Office. Examples of
ourrcw; recommended minimum R-values are listed below:

_

StudiesVatiorial

FHA Minimum Mineral WO6i TVA Based on
Standards for Assoc, for Electric Minimum Owens

Gas Heat Oil HetLiJA Heating Life C ±st Cornin

Callings R-19 R-19 or R-22* R719 R-30 R-381
Walls

Floors over
R-11 R-11 or R-13*,

R-11

R-11

R-11

R-20
R-20

R-19
R-22

unheated space

e c `situations

Translate the R-value into insulation thickness. A
mentioned, insulating materials have differing abilities
to reduce the transfer of heat. This is illustrated in
ti table on the following page:
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Figure. 57. Wall ,Floor, and Ceiling Insula.tiorL

0

1 5



Insulation
BattsBattso Banets Loose Fill

Material Glass Rock Glass Rock Cellulose
Thickness Fiber Wool Fiber Wool Fibe

1 inch R-3.38 R-3.66 R-2.20 R-2.75 R-3.66
2 inches R-6.76 W-7.32 R-4.40 R-5.50 R-7.32
3 inches R-10.14 0-10.98 R-6.60 R-8.25 R-10.98
4 inches R -13.52 R- 14.64- R-8.80 R-11.0 R -14.64
5 inches R-16.90 R-18.30 R-11.0 R-13.75 R-18.30
6 inches R- O.28 R-21.96 R-13,20 R-16.50 R -21.96
7 inches R-23.66 R-25.62 R-15.40 R-19.25 R-25.62
8 inches R-27.04 R-29.28 R-I .60 R-22.0 R-24.28

Note: R-value is marked on insulation.

3. Determine the level and type of exi,sting
insulation, and .trans,late into R- values.
As an example, thefollowing information

-

Location

has been determined for a home in Knoxville,'
Tennessee:

Type of R-value
Existing of Existtrig

IInsulation In ulation_ _

R-Value
Recommended

for Location

Additional
.'R-value

needed

Ceiling
Walls
Floor

4" loose rock wool 11

2V fiberglass batt 8.45
none

30

20

20

19

11.55

20

4. Determine what additional insulation is
needed using the format of the table above
In the previous example, the ceiling would
require seven additional inches of loose
rock wool; the floor would require six
inthes of fiberglass batt; and the walls could
not be further insulated due to a lack of
space. The additional insulation may be
installed by the occupant or by a contractor=

See Activity 11
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UPKEEP ON HOME

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THE UPKEEP PRACTICES REQUIRED-TO MAINTAIN Abl-
ENERGY EFFICIENT HOME. '

It is no :enough to start with an energy efficient home! and-sit back and
relax As the home ages, cracks and crevices form and infiltration
creases; insulation tends to settle and degrade. ':Since the soiling- pro-
cess is a neverending problem,.filterslust be changed, windows cleaned, jui
heating and cooling elements cleaned periodically. In additionOleating,
ventilation, and air-conditioning'(HVAC) systems, plumbing,,andlighting
must be maintained.

Every year or two the fo lowing steps should be taken to maintain a
home's energy efficiency:

I. Check the interior and exterior of the home for cracks and crevices;
fill or seal 071

2. Check the weatherstripping and caulking around windows, doors, and
chimneys; repair if necessary.

3. Have the heating, ventilation, and. cooling systems checked; adjust
oil furnace burners at least once a year to avoid wasting fuel.

4. Paint interior and exterior if needed to seal small cracks.

5. Examine the chimney for cracks and deterioration; repair if necessary.

Each fall and wing:

I. ,Make sure furnace and air conditioning filters are clean. Dirty
filters,waste fuel and money and will shorten the life of the equipment.
Filters should be checked every month if possible.

2. Clean windows to take advantage of solar radiation.

3. Dust radiators and baseboard units thoroughly; dust reduces the'effi-
ciency ofa unit.

4. Check for water leakS or drips; hot water loss results in both an
energy loss and a water loss.

[SEE ACTIVITY U.]



UNIT UPKEEP ON APPLIANCES

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE THE
UPKEEP PRACTICES' REQUIRED TO MAINTAIN APPLIANCE
EFFICIENCY.

Most people do not worry about the maintenance of appliances until they
malfunction, yet. great quantities of energy are being wasted each year by
poorly maintained equipment. Several maintenance tamps are listed below:

.1. Each year open the hot water tank valves to draw Off bottom water
and sediment which has accumulated. (Sediment interferes with,transfer
of heat to the water.)

2. Defrbst refrigerato s and freezers regularly 'and-check the gaskets
for wear.. (Close the door on a piece of paper. If it can be easily
pulled out, its time to adjust or replace the gasket.) Clean the con-
densing coils - -dust acts as a insulator that reduces efaciency::

3t Clean the clothes dryer lint filter after each load.

4. Clean the dishwasher screen often.

5. Clean the kitchen and Lathroom exhaust tan filters ottil

6: Keep appliances clein, dust, food, and cleanser build-up illeer
with efficiency.

7= Check oven dour 1,,cf. Col

[SEt ACTIVITY v
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INTERIOR ALTERATIONS

OBJECTIVE: TO ENABLE THE TEACHER R STUDENT TO RECOGNIZE
INTERIOR TREATMENTS WHICH INTERFERE WITH THE
HEATING AND COOLING OF THE HOME, Aro HOW THEY
MIGHT BE: AVOIDED..OR ALLEVIATED.

Interior furnishings and structure. should not interfere with or reduce.
the efficiency of the. beating .and-coolingequipMent or:the shell of%the
home as an insulator. :In fact,, the inter or treatments should en400.
the energy efficiency Of the home.

To avoid reduced effic ency, the following items should be considered
in the home:

I. Heating and_eooling registers should not be blocked by furnishings,.

Window coverings should permit opening rand closing to utilize solar
radiation.

3. Thermostats sllul not be covered, blocked, or exposed to direct

sunlight.

4 . Avoid dark interiors which require more artifitial lighting.

Caulk and seal cracks and crevices at wall, floor, ceiling, tile,
and Cabinet joints to reduce infiltration.

6. Avoid interior partitioning; walls, furniture, hangings, or cabinets
interfere with airy circula0bn. This creates uneven heating and cooling

and places a strain on theequipment.

7. AvoidipTacing:re rigerators and freezers in areas where there may be
inadequate circulation of air (corners,-closets, cul -de- sacs). These units

need good air circulation around their heat exchangers in order to op,erate

efficiently.

'To enhance the energy efficiency of ahome, the following suggestions are
-given for alterations:

1. Insulate with drapery or window treatments...

2. Apply vinyl wa11co4ring to exterior walls to reduce infiltration.

3. Remove obstructions to air circulation.



Install ptin.g,fr added insulation.

Place,s,torage.units against exterior walls.

6.- When remodeling, place cabinetry closets, and seldoM-used
on exterior i141.1rs.''

7. gP -ncandescent lighting with fluorescent lighting where
possible.

8. Use light-colored furnishings and finishes where practical.

spaces
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ACTIVITY A SUN ORIENTATION/WIND ENTATION.

OB ECTIN/: TO DETERMINE WHERE T-E, SUN R I.SES AND SETS IN
RELATION. TO YOUR HOME AND TO DETERMINE LOCAL

:W ND PATTERNS.

The way in which your home is oriented to the suri and wind affects-the
impact of, the climate and the energy needed to maintain comfort. To
understand this'concept, it is helpful -to determine the compass orienta-
tion o'f your home. First, think ofvour home as a box (usually a rectar
gular bo) and view it from a bird's,perspectivev. Given the directions
of the CGmpass on the circle below, locate your house in the center facing
the appEopriate-,direction. Use a'compass to determine which direction
each side of your home faces:. It nay net bpi directly N, S,-E or'W, but
using the face of the compass andN4bis circular representation you should
be.able to make a good estimation of the direction. Once the hOuse is
sketched on tile circle, use your compao, to locate the point at which
the sun rises and sets.

SUN SETS AT 150
SOUTH OF WEST

In the example on the left, the
house Is rectangular -and the
living area the family-room/
kitchen) is represented in black.
You can see

runs
long axis of

the house runs slightly W of
North by slightlyE of South.

SUN niSES 41* 2"The poi nts indicating the sunrise
SOUTH OF EAST

direction and sunset are marked.
Conclusion: The family room area
will-receive the afternoon sun
and be a "sun warmed" area. This
could be beneficial or bad de-
pending an the climate.

Use thh circle on the right to locate your house.
Instructions: o NW Nc

15-rjw in your house's orientation,
to the compass.

2. DraW in where the sun rises and Sets.
Where are the living areas (den,
family room, kitOen) of your
house in relation. to the compass?.
Are the living areas exposed to
mOrning or afternoon:sun? Sc



In adOtton to the suri the wipnds.elsooan be located on a-:imilar drawing'.
using esaMe-examplep:wt can Illustrate the direction ftelltwhich the winds
,affec ouse. Information about winds can De found through observation
or bSt,. ing at your local weather'bureau, agricultural extension Ser-'
vicaijlt taws agencies. There way be slight differences within a local
area- to` hills or water.

WIN R STOFIMS

WINO
In the example. the liYing
area is only'exposed.tO pro
%failing winds ands to

0 IENTA

summer-storm windsi he
winter winds arejlbm.the
o the example hooe-fshoutd
not have large widovvae

*.'on the NW side if

UMME Ita located in a temperate
001 climate zone.

FREYA, NG VYIN

Use the circle on the r
locate your house.
Instructions:

r.

I Locate house orientation.

Locate prevailing winds.

Locate summer winds and summer

ht tO
iOMMEASTORMS

storms.

Locate winter winds an
storms.

Which areas of yo r house are
expbsed\to',storm Inds? To
inter wind

.questi ov
.

Do y u eel you -house has a gogd,or poor orientation to h
sun andMnd?" Why ?' \

WINO ORIENTA T

5uggestiom- ghe'teacher may need to demonstrate
Locate-th0 classroom on a circular grid,

I-

o/use'a compas



OBJECTjVE ; TO DETERMINE ,THE,ILFFECT VE ETATIO NAS ON Ni
' CONSUMPT I ON

,

/AND, 40friFORT

Tries- and plintings are oftern. leveled in sidential

deveAopment with little regard for their ec io and yalues. The

trees,shrubs,ground covers, vines, and floWers temper the lmpct of sun
and wind on the home. VegetatiO0 can shield a home from unwanted sun and
Wind, but still admit desirable sun and breezes. Because-of ti* angle of
the sun and the effects ofseasonal changes, most homes need protection
from the sun during stammer on-the south, west, and east sides, and protec.-
tion from wind duringAwinter on the north side. Of cour5e, therehre't're-

gional variations. Investigate the,N,' S, t,.--and W sides-of your -home and

determine if the vegetation is beneficial-and where addttional vegetation',
is n ded. Make your comments-injhe space provided.

North Side-

Tre
Sher

e ve

South:

Trees.

Shr.ubs

Groun-

Vines
Does

at ma ao w



Sugge

1. Have a landscape architect or nurseryman visit the class to discuss.diffeient typeseof vegetat on and their effects on homes' heatlrig andcooling nee

9eit e the vegetation arguna the schoOI and Make recorm eendations.hool,administration for additional plantings they wokAldMAL
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OBJECTIVE.; to DETERMINE YOUR HOME'S LIVING AREAS N
.

RELATION TO THE SUN ANTI WIND
I. ,

!

As an expan000nof Activity A, let1g net only ilook.at the orientation
of,yourhouse's,eAperioe'faces,.but at the room on'the interior. 'It -is

imporgnt.to detertnineA directioni the rooms face (that is, ouawaray1

facing4,At toward thehi'rf jor of the ttiuse). A mom May face more than

one dfreetiOn depending how'manT,Sides-are,exterior Ode's. On the
6

grid 11064,,are indicate i ions of the rooms of a sample hbuse.

As you can, seen most e fhan one ',orientation': .Notice; most of '

. the daypme areaS fac or westerly, directions which' wila lie

r.'1 i ghte and ,warmey. in

=1)aGe

,*EXAMPC*4

Famil

giving

D.

Pi a ySpace:

13a



Ori 'the grid below indir,alp the roan, orientation o y. ome. Use a
compass to deteritline yours. Stand :Inside facing' directly the wall whose
orientation you are trying-to determibe. Thd direction indicated op the
compass is the one you irk on the grivj; pea all the outside fading
walls of a room. (Intqrlor rooms haking,,erio exterior walls will iaVe noX's on the grid.)

NE. 5E 5r SW N

15,1

jily_L

Food

ginihi

P1

Story e'

Bathrooms

Other
e

Cores ida ring your climate, 'do
ent tions? ckr why not

he rooms in your# house shave advantageous

oraentations are p
rec(ce the probl ea-17- (Awn
use chanIrcir c(),

6ei'y on The teacher may need to demonstrate, ouea -e pacs
m orft tation; use the classroom a' ex m e;



0134ECTIVE:.'TO DETERMINE THE PERCENTAGE- OF` SQUARE FOOTAGE
OF WINDOW AREA T© TOTAL WALL AREA AND TOTAL
FLO OR AREA

Sindi glass has`much less insulative value than.a,\wall, it is wise to use
as 'little glassed area (window*.,) as possible to cansfirve energy for cooling,
and heating. There are bUilijihg,%code restrictions and guidelines for the
amount of glassect-erea: 10 ,p'ement of the total square footageof floor-
space for-the ,home_ and less tliati 20 percent of the total sqUare footage of
the exterior wall ar generally accepted:standards for residences.

I is a simple ar thmetic procedure to determine if your home or classroom
meets theSe ouideli es. First try. the 10_percent_of -the floor method.. In
the exaMple below, we-see the square footage of the room 'is 300 Square feet.

ventage of glassed area you s

0 glassed area
floor, area



Now try the 20.pe nt-of- o -wall-area method. In the example, he'',total wall area i 240 sq.. ft. since 8' .x 30' - 240 q. ft. The glassedarea is 30 sq. ft. Therefore the percentage of z3la sed area is

30 .125 or 12.5%
240

Us 1n either metholy the glassed,area is".within the guidelines.'

Now determine, if Our

Method

Total -Floor Area
Total GlassedA-

room or home meets, the guidelines:

area

are

Method

''fatal Wall Pc

Total 'Massed

estions4=

1.. Try both met the clas bm before trying

This make's a 1 oup activity.

TON'ActivitY Y be used i \conjuntion wi
nd measuring tpte r spac

member to eW,1 e only the glefoqp_ area o
mes, too

N te t at-weattOr changes will 'also affect a
e y. 'uses

sedtParta
area

tackle' yourhome.

4.
h reading floorpl

1ndows--not the

ng and co ing.



B ECTIVE:. TO DEMONSTRATE 'THE _RELATIVE ENERGY EFFICIENCY
OF 'FLUME SCENT AND INCANDESCENT,,LIGHTING,

i
Wattale is -not measure of the' amount of night given off by a 1 ight bulb

but how much energy,-,is `requil4id to operate it., The amount of light i pi
vides Is indicated 'in lumens. Bulb paclOges should give not only the wa
tage required, but also the lumens produced by the bulb. Using bulb pac
ages,conpare everal -incandescent and fluorescent bulbs gpr efficiency
(lumens \per t

For,,,example:'i,A \1004wa t incandescen bula, may yieTfit 1750 "lu

gigs- the bulbs itt1 -efficiency. o 17,5 1timens per watt:
-4- 1--v ,

1 p lumons, e 17.5 lumens per wa
watts

hich,

etermine t e ;efficiency of the follow g
ave..e-. ,-,,

At!
- .

A.\
(

100 watt orescee Oulb:

40 watt fl uore cent kulb : iL1 u
' 40 wa

4
.100 wptt incandescen bulb lUm ),

s

.-:

,..----
1 watS

25 watt incandescent bulb: lumens
L 25. watts

albs, plus :hy.others,..you may

I wen?
watts

umens per wat

watt

s pit. watt

ns per watt

1 uorescen

Is it mo e effic buy,four. 25-watt or 100 wa incandesc nt



l Ask the school maintenance supervisor for iempty
boxes. Theifnformation you need is on the box n

Have student tring in bulb iv:gee from hope.

o esce light bulb
the bulb.

Check at home for the use of MUltiple.low wattage ulbs where a larger
wattage bulb might be used to save energy. But rememker, a larger
wattage bulb gets hotter during ape ion and sou fixtures are not
designed for/the lerger" wattage bul

Discuss the comparative lifetimes of fluorescent, and incandescent bulbs:
(Re!gr to Section 3.2, "lighting.")

Discuss the turning off and on of incandescent and fluorescent bulbs
(Refer to Sean



OBJECTIVE: TO DESIGN AND FABRICATE AN ENERGY
, CONSERVING WINDOW TREATMENT.

e of the least: eupensive and most fective window tk^eatments for
ervation of energy is an insulated drapery. The major differences be-

tween a standard drapery and an energy-conserving-draPeryAre a tight fit
and.insulative lining. Standard drapery construction should be fol-

lowed in making energy-conservtng draperies,-but make'cer n that they.in
chide returns to the wall, a 4-inch overlap, and full length from ceiling t
floor if possible. A cornice or valance maybe used to reduce convection
air flow over the top of the drapery.- Then substitute' .014ulative lining

for the standard` lining:` Insulatime lining is available in several types:
(1) plastic.or vinyl which may be either clear or opaque and serves mainly
as a barrier to moisture; (2)
back"ed fabriowhic particularly valuable in etflectio the sun's rays

fabric:coated/with vinYl; (3) silver

as well as serving as a barrierto air and moisture; and (4) a foam_backed
fabriewhich has the added bendlit of increased R-yalue, and as acougtical
insulatton".

Vicluded for your conven
lied drapery.

by -step illust ti

I

S ep 3

ma0r0



SuggeStions:

Make drtp e a window,in the H fonomics Laborator,>;. If funds
are available, identical'draperie h different or no lining could be
made to coMp e their insUlative

If pcissible haye students fabricate drapery for their oWn rooms at'
home.

Demonstrate measuring fordrapery prior to this activity.

As an alternativeto d'onstructing an insulated drapery an
insulated window shade might be made. Plans for'construcOonl as
well as hardware kits, are availab3e from

Rainbow 'Energy Woriks

2'325 Moraine Circle
Rancho Cordova, Ca. 95670
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ECT I VE : TO DEMONSTRATE HOW. TO READ ELECTRIC AND GAS
METERS1 AND HOW TO .DETERMINE CONSUMPTION OVER
A:PERIO ,OF'- TIME.,

In order to determine the effectiveness, of your. energy- conservation
efforts you must be able to tell how much ever. 'is' being consumed at

your house. The easiest way to this is by taking meter, readings'. 'Elec-
tric and gas,meters give the total, or cumulative,.energy:e6nsumption.
They operate much like the odometer on a car. You must coMpare,beginning

and end readings .to find out how much ,energy your family used over a given

period of time (one day, one week",:-rone'month)'. For example, if your meter
read' 35721 kilowatt4odrs on Mondaymorni* and 35731 on,Juesday morning-,'

it means. your home onsumed 10 kilowat hours of electricity fOr that day

or 24'-hour period,.

Most electric met have five.d
ightmost indicates.kilowatt-hours,
hen..hUndreds; APO stlo-rin .But the

oUnterclock,wise: 'Nip:SG:11d rileept
passed. Study 'the ill ustratipns 'ani

tle

nixed from right to leffl the:
ext. A ial ; te6s of kfl owatt4ours.,

tate cloc*Wisie apd

het iCator has us

3572

.
The dial of s meter .are much l i$e, tha fan e1 ctric ,meter except

h t= there are usually only four dials with m ricings representing .100
c feet-on--Ehe rightmost dial. rn the iljustration,on then t pane;

reading Of'4846,rePresents 484,606 cubic feet of, gas:



REAPINO, 48.46'
If, afte' one da the reading Were 4876, then. the consumption th
,period would hav been 3,000 cubic feet Of gas,

7600
0.4600

cubic feet of gas

Now check your mete- u findings:

Initial feadin
'Final Reading

Conumption fo
time peribd

ignate

Now institute one-or several' energy-con rving practices. (re$et-ther-
mostat; clean filters; cut down On use of ivgh s., appliances, TV; tate,'
short showers) and 'record your findings: (Use the same time period as
befoi'e)

.

' Initfal Reading
.

Energy Conservation sures

as 'there a

Suggestions:

Final Readind
Consumption fa
time period

-eduction in

1. Use a time period of'at least a week.

Ask your local Utilities infOrrnati on o demonstrations'.
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ACTIVITY H

0 JECT1V t TODIPIONSTRATE THE EFFECT THERMOSTAT aTIMCIC.
HAS ON ENtRGY CONSUMPTION'.

a

how that you can reafiyour meter (Activity G), you can inVeStigate the
effects of thermostat setback'on theAinergy consumption; 614dence.
During he. cooling season, thermostatsshouId be set,,oup'to Ivr to reduce
the use of-mechanical" ir'eondlt,100n9'and during thrheattrg season, set,
down to 65°F. For aaltiOnal sav$410,;. the thermostat care be Setback-to
60 during the night: The effect; of theselherMostat:etbnkS'will Vary

residence to residenee,,but ihould be significant.

To test the' mpact of thermostat setback at yoUr home, first 10tOrmine the
eekly consumftiondof.energy prior to.the, setback. ReadyoUrp got oil, or

electric meteri'd.leqWeek. before, the setback' and read it a secOnd,Alme exactly
seven days, (to do 'hour) ,

For example:

tiqter

Seco d kedin
ge0114F--142-7-15 kwh Meter ea ri%i loch

Gate: 9/8/77 'bate: 9/15/77
Time: 8:00 a.m. Time: 8:00 e.M,NNike

Th hergY con.sumfl, by

1.4276 kWh =. 925 kWh)

Immediatelydfter t
heattng and 59F high
seven days 'la er,

For example:

the

Using

the pxample home for the week was 92$ k h (15101

A

wh-

e second reading.Set back the tfiermasta0°.lbwer.i
cooling. Then take a thircTileter-re410g exactly!

din

I 4

ti

ergy consumed by the example home for the week Iwith the 's,et back i
wh. To ,determine the possible savings, find the.differOce between

t week' s,consumption and the setback' week's coromptton%
.

v)

e example ,hone ,

,

925 kwh 796 RA , .3', l'29.kwh
_

,,,,

--...............
at



ri the test ur residence.

1!2TTLANA Ai
Meter Reeding:

4
Date:
Time:

FirstIe din
ter 4efic:
te:

Tim.

First consumption:

nq meter rWiling

'toter ding

third Reedin
MetetTreadingt
Veto.:

Time:

compliption-

cnnsumrenn'

firlt wnek 1.0tvlumpt1oo Set WPP conwmptlon

4

savino

1. Why Is it Ater to Oce A week rrwmption for cOmparf%on rtsthor
than A day or An hour?

What rculrt br pollihln rem on; for,

increAce in cow;umption during the wr. with the sethack7
no saving ; r poccfbly an

How much moony could be %aved In nor if you could reallzn thr
...wing., you for (I 'you found nor) during the :ettmck week

Do tr t Inve:t1g1
needed.

Inn whrn rrirr'h "1n it

Pefer to Act v t de
for 010(Jr1L1 t, oll. or ro..,

thr tr

1 heating o-

1 I

lino I; crlrttin

riinn

no on Atju%t% the thermfrjlt rim) the two week: of

411111111111?

200
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ACtIVITY I

A 4'
OBJECTIVE:. TO DEMONSTRATE A FAMILY'S HOT

'CONSUMPTION AND POSSIBLE CONSE
MEASURES. A

.

4

Th,1114JOr uses of hOt water In the home are for bathinvOnd laundrytVUte
the datt sbe.a pro(vided tu'estimate your film y's hot water consumptiftfor
A wenk.

0
Task

I A Urilky Toads
tub baths
thOwers
dishwasher Maris
washing dishes

Hot Wat

15

25
20
10

Total

.Tally the number of tunes per week-the task usimq hot water occurs. Then
, multiply the,number of times by the, multiplier provided. The multiplier
is the average amount of hot water required for the task. The resulting
value is the quantity of hot water consumed for the task. Then add the
quantities for each task to arrive at an estimate of the hot water your
family use: in one week. (The average household uses about 350 gallons of
hot water per week.)

You can now Oproxima to the energy required to supply this quantity of
hot water.

quantity of water

f yoU use
per year or

gallons x 2.45 w t-hour.;/oa 1 watt-hour

gallons per week. you use approximately 52 tines that
gallons.

Calculate the energy cost for year's consumptiOn:

gallons x 2.45 watt-hours/gal.
quant ity oT wa

Watt-hours

This kwh for one year-(just move the decimal 3 places to
the lefts. Ffna out the rate in your area fOr. electricity per kWh and
determine the cost of one ye,ar's hot water consumption..

201



A

kwk x coma,
yearly energy rata

consumption for
hot water

\ v

How could you save money and energy for hot water at your house?

things to look for if your hot water consumption-is high:

Check your water heater's th\rmostatit should be.s t at 146°F
or less.

2. Check for leak

3. Are the hot water pipes insulated?

Suggestions:

1. Studer] .s should bring in their 11 es of frequencies from home and
do the calculations as a class%

All of the figures and calculatiO 5 in this activity are based on
averages and estimates and do not indicate actual tot water use.
However- checking; appliance manuals and timing showers (pproxi-
mately 8 gallons Orf water is used Per minute), a more accurate
consumption figure could be obtaintd.



ACTIVITY J CHECKING WALL INSULATION
A_ _ ____r

OBJECTIVE: TO DETERMINE THE ADEQUACY OF WALL INSULATION-
IN A COMPLETED STRUCTURE.

During' the heating or cooling season, when the hea ng or cooling equip-.
ment is operating, place a thermometer firmly.against the inside Surface
of an exterior wall and another in the center of the room. It's easiest
to hang the thermometer on a picture nail or hook on the wall, and place
it in a chair in the middle- of the room. Allow sufficient time for the

.temperatures,to register and then record the two readings. If the dif-
ference between the two readings is greater than 5°F, the wall is probably
not adequately insulated. The example illustrated below shows an exterior
wall temperature of 67°F and a center of the room temperature of 78°F.

he. nRxt,step is to determine the'difference in the two readings:

78-F-67TF =11°F. The differencels greater than 5°F; therefore, for
this example, We would drawthe conclusion that the wall may be inade-
quately insulated.

203



Now you try this exercise at your house. You ,may wish, to try it
several rooms with exterior walls.

Room

Outside wall thermometer reading
nter of the room thermometer rep ng

The difference between the readings:

.

TraiiFIFEWIT5T - TTEroW7r-iBriiir ereTEil

Is the difference greater than 5°F?

Conclusions;

Are there reasons other than inadequate wall insulation which .m -ht cause
a difference in 'the temperature readings? What might they be

Suggestion:

Try this exercise in the classroom.

2 4



oBJEctivW TO ILLUSTRATE HOW SIZE, SHAPE
A-HOUSE AFFECTS ITS ENERGY RE
HEATING AND COOLING,

EXPOSURE OF'
NTg FOR

in addition to ,insulation and the amount of floor space a house has, the
shape-of theispace,-the height of ceilings, and the exposure'to the weather
all affect the quantity of energy.required to cool, or heat the house. 'For
the 'climate in which you live, discjiss the heating or cooling efficiency of,
each of the homes illustrated below.- All the homes have livolqUAre feet
of floor spade and are well insulated.

For example; if-you 11411in a'cold climate:Home A would be a good
selection since there is a great.deaI of space with little expo ture to the
weather. Also, the south:faCing wall will_absorb heat froth the sun in
winter.

195
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Questions:

1. Which .home would be most efficient if nano have any insulation?

2. How does your home compare with these?

3. Try Wdetermine the leapt efficient hone and the mV)11 'efficient ,

home for your area Then-take a survey around 'ar neighborhood,
Do you see more of the efficient or ineff tient homes ?`.

Suggestion:

Have students compare homes in their neighborhoods.



FOOD CYCLE ENERGY STEPS

OBJECTIVE: TO ENABLE STUDENTS TO ISOLATE ENERGY CONSUMING
STEPS IN THE FOOD SYSTEM AND TO 'SPECULATE AS
TO'THE DIFFERENT WAYS IN WHICH ENERGY COULD
BE SAVED,-

Twelve areas in a fobd system are listed below for a frozen Vegetable,
Which steps could be eliminated to save energy?

throw
away
packai:

thaw it ti

t.ikr ?wino

vul try trer(ts

/1 you (Uric, to
num kr!
ttt lily It

trtartu*keetr., 4
froINI

6 rrtr k

it to tuarko0

6 it 1% trufpo._L -
.1 it I% pat,kak:e.1

1 4 1% hy ow how

trao 0 !Oa
11rrt :'ant' t_datit

1 .akoputip t.1.0.1.:i.Joi a 1..t.Kohitor.

Construct the food chain steps for a canned soft drink and then hike
suggestions for steps which m ght be eliminated to save energy.

Suggestions: This type of v1-u rep -entation mokes a nice bulletin
boaH display.

zoo



Possible An wet'{;

n In
Mir 1.0 fRly,

41610,440trt,krt
i-1 in

iilryirtg)riff eflp Erry-^4 vsNo!atii

1 grrNi vg.gtgf,s1-,10 in

ow °It fl 110,1
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A

OBJECTIVE! TO DEMONSTRATE THE ENERGY CONSUMED FOR
MARKETING TRIPS AND WAYS ENERGY COULD
BE SAVED,

The MA lyod fn onorgy consump
number of r ps ncO to the mArkot. An4 modo
obtAln a getter Porl dive of your family'; mnrket
survny. of Pio trip/ your famil r ormbvrt mmito to morkot
the tlictanca And mod o of troy.' lAo the data form provIdod bol

nAr

enspnrtet
prACt _

in 4 ugro70

the

To

209



17 ctrinc# cAn, 6 t f Inar) fr city hr county map, t tsar ndn. tor,
r by eitiation (ono cIt block is about 07o-eighth of Iley

iNing the comp) ted d t form, yOU 10a possibilities for ncrgy.
%Avfnql?

Are thoro trip; by rer of 10s; than hAlf A mil in dict_Anco?
Could Aovoral trip havp boon comb iriod. into on
Could OrTPIng LIPA0n4 on tho wAy tt or fro w

;

Could mAritiftliIQ'hAVO h000 Aono rio;or to holm?
Would cArpoollni7 for ;hopping with,r10106,of% 110 .fl i107

lith4t recurisTndhtinn; would yrs) ma to yntjr Am'l ly f,r wA t r

(.0nrifry, itniiruy when mia ritot. Intl?

tinn:: pot trio udrnt; At 1artn
rft-pw hoe* to tf'honl and 11.1r-

miondAtf WI; 4 4%;

9

1 eR.nyin tip how the
-7,1-v1.; -fi trj1n1 ; a

trAyol
rc err;
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OBJECT TO INDICATETlit E U VALENT.ENERGY.COSTS OF
,- DIFFERENT roonc AND How WISE FOOD. CHOICES

CAN SAVE-ENEiMyl

Pr v i r 01 0 t001Ts ,offered in the Menu ,on the fol Towing page and select
ynur fir 4irrfOren(W bvpd trictly 041Jkes 4111) dislikes. Place checks
beside U,rr i tem; .t6 Column I. Next, mal(q-%election5 from the menu on the

.

hAiis of 4,44, Otierqy c9niumpt ion, Remember4 the energy cost of a food
inc1.udc' ti1iicr mId.AnInc,t1cfde; equipment; t6nspertatio0; pro-

ing, packaging, .rand preparation, Place a check by each "low energy"
I ten i 7.e 1 or tpd, in 101urru Then ref0r to thn EnOrqy Price List for each

F npruy (0:t rndIc,t the "prior" of each item you chole,and deter-.
mirle your tot,41 hIt 10.101,cover how .you might have saved energy, find the
d 1 f ferenc,e1 h,itwpen t-Mrl. 4nd i vldiji 1 1 tern Iii the two col umns and enter those
fiqur01 in Column 1.. 'Ilediferpne'--. will tH4 losel or gains in costs'.
Add thi, totl I "p1U-,n5 440-1e-,. in tirk columh to find total energy,

ingc. if you WP! e th for Column 1 (ke ferences again, would
your rhoir.p-; he lily t'-t?
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ENERGY MENU

APPETIZERS
(CHOOSE ONE FROM EACH

Frozen Juice
Fresh Juice
Cracker-, A enwrapped,
ovallAble to the cote
in bulk)

Crackers (wrapped indi-
vidually, packed in
sroll cartons)

Butter
Marqdr ne

MA IN DISH (PLEAS, RAKE A
FIRST AND SECOND CHOICE AS
WE DO NOT ALWAYS CARRY EACH
ENTREE)

Luncheon peat
Chicken
Turkey
Rico with Vegfetdf)10'-,

Beef (grass -fed)
Beef (groin-fed)

VEGETABLE (SORRY, TODAY WE
HAVE ONLY CARROTS, BUT YOU
MAY CHOOSE YOUR PRETERREP TYP

Fresh Cdrrots
Dehydrated CorroN
Frn :on Car rote

Canned Carrot

DRINKS (PLEASE CHOOSE A IIR_
AND !-,ICOND CHOICE AS WI WMI
RUN SORT OF ON[ KIND OF DRINK
Ar LUNCH)

Soft Drink (in aluminum can)

Soft Drink (in roturnohle
tl)

Milk
Boor in ale minum n)

Boer -oturnahle Slavottlo)

Yd1ZI: (110(;l I

(homourown 11
Gingerb'u own clard I

Apple!. (..Rene -boLqht)

Wolnut (,,holled)

Walnutc (unOlelled)
Ico Croom

FIRST (.EAST

PREFERENCE ENERGY
.

1

NF F_PcNCES
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Y 0 CONVENTIONALNAIL OVEN VS. MICROWAVE OVEN

CT I TO
(0

)NSTRATE THE ENERGY CONSUMPTION Ff=EM[NC[
NVENTIONAL AND MICROWAVE OVENS.

I. licrowavo oven hi'. rho cap:thi1 ty of saving energy as a result of the
short (.onkirg tirp lorl ood., However, ciany foods may still
t:e )re f!tfii -tly rooked in A convention-1 oven. -N

n070 oconon laboratory, npare the energy required to ,K. .

th- fol lrrwirrt food s: cak ; tun,1 casserole; fro:on TV dinner; fr
..-n-o, arli baked potatOeS. To detenline the energy used to cook each
it A]culato the onorciy u (1 itr kilowatt hour;. This c:an he done hy
i r, le t or:-i n i rig tilt, il,t t.t.1*.2 0 t cwoksnq unit. (litt.d rrn th iiIrl 1 1 11-tc"

1 c rt;,..,1 vt. 0V- 11 ( ir- 1%1 l l y A rid 1 ,150 w,1

for vont ir111,11 ,ually 'ound 1?,700 watts)

to unt rrt tirw' 0 (Jo 1 t c.);,,,ratt:. t 0 , ( t he food i t en.
fir' iTt.r1 t ion Hi the ilftrowa ye oven V/ i 1 I tic' ea Ny to d -um HI"; im t.,

.Co.t. (.- ii,nt:inulru'.ly and is ut.ually equipped with d i_r. lhe ofrr'1.1
tile if the convent 11)11,11 oven will hr' more di to determine

Hn Lro-heat t d NV must he 111( hidet. and a tonven t.l unal OVr1 does nut
opera t ont inuous ly. stop=watch will hr needod to determine the opera
tion t; You time ocich interval that the oven is oper)ting most

, n s equipped w i t h a l i g h t which i n d i c a t e s when t h e oven i s ol rating)
and Add tho to arrive .A1 time of ration roquirod to ok the
t ood 1 t

on( w ,1(in ond cook rig: I Iii' der ern] nod, ellt-rq) tow ron
iJit 1)1 tor erAariple: it a (up of ',(Auash requires minutes ti i cook
in A 1: .watt oven, it requires o kilowatt-hours of energy:

1i00 aatfs A .10 minu A la h kilowatt tit

00,000
ihr' on tsi tin fa( tor I since there are 1111)1) watts to a

,- ----
00,000

kilowatt And 00 Illr nuts'', to an hour
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CAKE (use the same ecipe in each oven
Conventional Oven:

watts x,

rowave Oven:

watts x

.minutes x 1 kilowatt -hr.

af7611U

minutes x 1

60,000
ki owa -h

TUNA CASSEROLE
Conventional Oven:

watts x minutes x kilowatt -hr,

616AUU
Microwave Oven:

watts x minutes x 1 = k 1 a -hr.

FROZEN TV DINNER:
Conventional Oven:

watts x

Microwave Oven:

watts x

FROZEN BROCCOLI
Conventional Oven:

watts x

Microwave Oven:
watts x

60,000

minutes x 1

a-N0

m 1 nu t n s x

60.000

minutes x 1

60-XU

kilowatt -hr.

kilowatt -hr.

kiiOwcItt -hr.

minutes x 1 kilowatt -hr.

60,006

FOUR BAKED POTATOES
Conventional Oven:

watts x minutes x 1 kilowatt -hr.

60i140
Microwave Oven:

watts x minutes x 1

66-41-Z

kilowatt-hr.
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Food Item
CAKE

TUNA CASSEROLE
TV DINNER
FROZEN BROCCOLI
BAKED POTATOES

tuggestions:

I. Remember that the quantities and types.of foods cooked in he evens
Must be the same to provide valid comparisons.

Tabulate your Results.

Energy Used By
Conventional Oven

kilowatt-hr.
-7kilowatt-hr.

kilowatt-hr.
kflowatt-hr.
k11 watt -hr.

_

_Energy feed By
Oven .

kilowa t-hr:
---kilowa -hr.
-7kilowa hr.'

ki 1 owa

kilowa

2. 'What would have been the.effect on energy consumption if more than
one food was cooked in the oven at once? Would this method of con-
serving energy be more effective for conventional or microwave...0ne?
You may wish to choose different foods to test. If so, try to select
a range of items from "dense" (such as Teat) to "much less dense"
(such as squash) to provide dramatic results.

4. -A dramatic demonstration.of the misuse of the microwave is to
compare the time it takes to boil's quart of water, as opposed
to boiling a quart of water on top of the range.



ACTIVITY P ENERGY CONSUMPTION OF APPLIAN

OBJECTIVE:' '*-TO#DETERMINE THE ENERGY CONSUMPTION OF HOME
APPLIANCES AND EQUIPMENT

If you were to list all the energy-using appliances and equipment in your

home, you would see why it is estimated tha well-equipped home consumes

as much as 3540,000 BTU's of energy each year to operate appliances and
equipment. _'Much of this energy is wasted and offers a great opportunity

for energy conservation.

The first step toward conservation is to gain a better perspective and

understanding of the energy consumption of each appliance or piece ofi,

equipment. This i.s verybasritr-db. Just-fingl-the-elettricaluratingsuinfor-i-

mation on the back or bottom of the appliance or piece-of equipment. You

will see several numbers much like those shown below (from the base of a

blender):

Model 850
Series
Volts 120
Freq. 25-60 cycle

Watts 960 A.C. only Jx

The key number is the wattage rating, 960 watts in the example above. The

wattage is an indicator of the kilowatt-hours of energy used per hour of

operation of the appliance. It requires 1 kilowatt -hour per hour of opera-

tion for 1000 watts. In the example above:

Appliance: blendee

960 watts f 1000 watts
11-1-7affiiov

per hr of operation

0.96 kilowatt -hour

(Note: You cap divide by 1000 by moving the decimal 3 digits the left.)

Now you ry it.

Appliance

watts ; 1000 watts
kwt- r per

hr of operation

kilowatt-hr.



Appliance:

watts 1000 _We ts.
kwt--hr per

hr of operation'

Appliance:

watts 1000 watts
kwt-hr per

hr of operation

hr,

kilowatt -hr,

Using the table below you can see what the appliances you checked consume
in equivalents of oil or coal.

0

Appliance
Watta e Ratin

Electrical Appliance Energy Table

liner' Used 'er Hour
Ounces
Burned

o o 1 Ounces Of coal
er Hour Burned Hour

I x,01
25 0.025
40 0.04
60 i 0.06

100 0.1
150 0.15
200 0.2
300 i 0.3
500 0.5
750 0-75

1000 1

1500 1.5
2000 2

5000 5

,10W2._ LO_

Suggestions:

0.1
0.25
0.4
0.6
1

1.5

7.5

10

15

20
50

0.13
0.33
0.5
0.8
1:33
2,
2.66
4-
6.66

10

13.33
20
26.66
66.66
3 3

1. Do not try to move large appliances by yourself to obtain watta e
ratings.

2. Seek permission and aid from parents to locate wattage rating
information.

3. The teacher may use appliances in the home economics laboratory as
examples.

.4. Students may be assigned different equipment to insure a wide range
and thorough investigation of household appliances.

5. Answers in terms of kilowatt-hours of energy required may be expanded
to annual use by determining daily or weekly use and multiplyin,g.
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ACTIVITY Q SHOWER BATH

OBJECTIVE: TO DEMONSTRATE THAT A SHORT SHOWER IS MORE ENERG
CONSERVING THAN AIIATH, AND THAT LENGTHY SHOWERS
WASTE HOT WATER AND ENERGY.

7-

i
If people took short 'showers instead of trathsJpr lengthy showers, a lot

of energy could be saved. It takes about an ounce of oil (or a cubic

foot of g s, or 1/4 kilowatt-hour of electricity) to heat a gallon of water.

Compare _he water used for a bath and a shower. Fill your` bathtub (at

the temperature and depth you like best) and measure the depth with a yard-
stick (when you are out of the water). Record the depth: inches.

At your next bathing time, take a shower (in the same tub) kee-15fhe'drain

closed: during yOur shower, but be careful not to overflow th- tub.- (Do not
rush your shower; tie your time,.) This time re Ord yoUr b hing time as
well as the water depth.

Be inning Time Ending Time.

Du tion of Shower Water Depth

If you took a short shower, it should have required only about half as
much water a's your bath.

Questions

1. Which bathing practice is more conservative for you?

2. What would be the energy impact of taking'a 20-minute shower?

3. What are some other ways to conserve energy while bathing?

4. What effect would a flow restriction device have?

u esti ons:

1. If your shower was lengthy,you may need to measure the depth,
empty the tub and then finish your shower and measure again.
Add the two depths.

2. Investigate the bathing prac
Who is the most conservative

ces of other members of your family.

41014000110111101111
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ENTERTAINMENT PRACTICES

OBJECTIVE: TO DEMONSTRATE THE &NT OF USE OF
ENTERTAINMENT DEVICES.

AMPIFIEMIONOMommommaii

Teenagers and young adults are often abusers of entertainment devices.
In one household as many as four or five devices may be operating at the
same time 'Take a survey of the students at your:school to determine the
extent of their use of entertainment devices. Use the following form:

Device

Black and white TV
Color TV
Radio
Tape player
Stereo
Electric Instrument
Model Trefins or cars

(electric)
Electric games
Slide projector

MoYi_ePrOict _
From your survey calculate the average hours of operation for a year for
ONci student.

of use ours of use
da week

To do this, take ghe total hours a week of all those surveyed and divide
by the number of students surveyed. This yields the average hours of opera-
tion for ow week. Then multiply by 52 (52 weeks in a year),

hours per week
students surveyed

average/week x,52

averv-/week

avera -/year

Now use the total number of students in your school to estimate
hours of operation of entertainment devices for one year,

tal
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average/year x number of students
in your school

operation per year of entertainment devices
by your school's studpnts

It might also be enlightening to determine the quantity of records and
tapes the students at your school purchase in a year Remember; tapes and

records are petroleum products.

Suggestions:

1. Randomly survey at least 25 students.

The hours of use per day should be recorded for very frequent use and
then converted to hours per week.

Publicize your results and offer suggestions for reducing this
energy use.

Survey entire families.

This activity makes a good class project Do calculations on

the board's
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P[SIfl[JFAL rNER6Y CHL:SLIST

OBJECTIVE: TO POVIDE AN EASY AND QUICK ::;(=AN CF THE HT-1
TI) REVEAL PWl!;IBLE (..lOVCES OF= ENERGY WASTE AND
POTENrIALS roP ENERGY*CONFRVATEON.

t)e followinq encrqy (,11e1:1 C,,A) be ui u .tlf jdi
parent r vu.", tlAndy (:,.71 I v1rCh lr
re-, I dent" !al enerqy o irI 'out ,ri 11 n?. Lon.,w-v t :;)r. t

doer., not attempt tf) cithinti'v th orere,y 1 nor e.,tir-ote tluo .o

aleviate the prob i 0;' co, t ric,ht not ho praczic.al to ry to
eliminate the watei but rather to rduce it or 17._: ct nu snoft.
refer to the spec i fic in tho text Lir turt)ler thfo rrIt or--

L xample , i f vou i rid c.c! vt, r.! 1 h if If I P 0", FL t , -?`m,11(!
refer SeTriOn 1 I t 1 I I Ft:

Eood Prl,para t_ I CM, yJU huI LI Iv for 1
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ouse: The Thell

1. Aro plants properly located aroumf the' hou7.e
to provide a break allainst win 4 and chade

again unwanted 'wt.!?

PT a-

WdroENTIAL ENERGY CHLCKLIST

Are drape'. and furniture located they

no t °h r.; ruct tin i i r -cotid 1 t i n el or
ventilation?

Are i!rt301-: ries ins;i1 tr'd

drape r r-r_,4,1 1 y ro 1.11 d ho w

5. Are o(terior
f ter use?

b Are I ights and pp1 I cec turned o t t rr
hive S rw! wri n lows id (Ion

Are All door-. And w orw,'erly L_aulked

wrA the r% tr I 4,,t:..t.!?

O. Art, drAper le( awl hi h I orw d t ni (pit mnd on
1 (Judy tidy (Ely!, d or n r he at i nj eei,L';n

1 0 . Are draperies oiened t o 1 1 t %'ill 1 -Hilt on ni
11`P, in the heItinq

Ar-v r lt! nd L_ td..e,1 on .tp:n
iv) I n() 1.11e iou I I in

tho ,.ent ihtod:

the at*, I I to.uht,od

14. Are tht.' Irr.Allfog

I' loop. eA.po...ed t o tuiheitrI r o ilr ii r
11 t ron I' o 1 n,,u1 at Ion:

the II r-ep l,i e ..1,v7Vo r 1 (o. whoti tot iii ir.o

( he den ()lino ri-rohi or t.iiiii Iv. r (hint or i,cravti
t o I he, ',out h

t he he te,f", hm t For.. t tp w".torn

NE,

no
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F.%

rlikm lt-ot rtifv1n t t
rr

T.; it f rtrr

vou!* h-
1

:t00% r v1171- (=t,,111

I-,

o, ,--o!

r r ,

1%1 "A'

k

r:C-j7:'0 r 11 ri r
I 1 1-, '.:t1I-',1;o:1 !

', "! 51 -i-:
r;_ t o it ,;

t " )1
,1 t

hr. 4
, I 1 1 1
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t.t I 1,h
I 174 t, .11 I v t..1

,11 I ! tr, it .0 I !L's

111Ot "II", 11'- hi It '',*1'.1
I 1 1 11 tr.

10 1 11 1 ifH) tifi I
tio 1\ It -III i(Itt t

w,114 7 114. 1 4' I .17

., !'.t. 1,0111 ' no,
111.
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yes no
37. Is the air-cbnd Jon ng unit properly si, ed:

for your needs?

38. Do you have A heat um p:

9. Do you use natural ventilation as much
as possible? -

40. Are radiators and other heating cr cooling
equipment Clean and dust free?

4 1,,,,,,i the water heater loc ted in a heated
'",i2-.

-,-'-
o . election

.

..youliVe in an apartrr n , is it an "inside"
. a partnen t?,

13. If you live in a mobile h- , does it have
a "ski rt"?

if you I1 e in an older home, have Its
pl urribi nrj, wiring, insulation rind chimneys,
been checked by "experts"?

1,-. the froct on the refrigerator ..and f
-- tha.ia IA inch thick?

the re fr ?era or set at .100
17

the freezer set a00F?

Are gaskets around refrigerators an i freezers
t ?

,

Is the ovh used to hake rr re than one livd
at a t I nr?i

!W. Is tfre gasket around ovens gilt?

Ar . frozen foods, thawed cowl etely before
t ?

P, the i:ookin( r urn -d crft immd i a t0
aftser u,e7
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Are dishei w hdcl only when there
ful 1 1 oa.17

4. Are di %hes d to ai r cley7

Are. milli ce a and dust Free
(parts ciao- ly cool I ing

Ts the oweri ne-ver (lied a dryer or bade r7

Si. Are fl at btu ttc m pot -s a nd pans used?

58. Is at Irrer os d to mo Id over-cook in

69. Are no is coNerid. ilurtroj cooking'?

60. I s lit_tleiw.atr!r 49 1)01101e I durin
ookin 91

I. I s the he. at d dry c cl can the dishwasher
n of uscdi

Glo thi erg

6 2, piles your f rnl ly dress Wa rrnor in cool t
to a void i nq?

6 J. Don your land ly dress cooler
trio vo-d -floc= hnriicri1 cool i nu?

Are cl utl
load 7

When
pori; ib 1 e?

wi l t Illy V111Pri there Is a fol

old or er ed v4hr,n

Are 1L thw. 11T r I (h1 whorl polf. lb

Are --nur, t of I ly ()the-. .(
pf-rrivinf, nt pri,s. to a voi d dry c leon I n a an d
I run*

6,1. A r--r to thcs i1 ay r ins d wi th cold orater7

69, i the ,ra _he 1 oc= to dn nr -1 te r hea ter 7

/0. Is the dryer' l nt screei clelmed
-lo ad?

t %ach

Nit -is Ilk 1111111.11,

noye
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Peirsonel Core

71. Dor the members Of your family take short
showers or use only small amounts f\water
for tub baths?

Are all water faucets repaired and not
leaking?

13, for Wash.ng. shaving cr make-up is
lavatory filled rather than allowing water
to rue?

n ertainment

14. Are entertainment devices turned off wren
not in u%e7

Do members of your family try to entertain
thernselvei rather than rely On ciilvico0

yes no

-- If you answered with 65 or more yec's. you Are truly an energy conserver
and will nake 4 good conservation advocate.

--If you answered with 55 to 65 yes's. you art energy conscious but lack
will-power or drive,

-If you answered with 45
minor changes could make

54 _yes's. you .ire wa

conserver.'

--If you answered with 36 to_44 yes's,
m nake a all-out effort to referral

yc

but with

are An energy waster and should

If you averred with less than 35_yes you Are tr1

waste entirgy and should consider tieiong range and

uqqw,tion%.

Distribute these checklists s h l4 ride .

n-an er
mediate ectsl!

Try a he fore and fter approach to using the -lir-01kt Check
bofore your conserving effort and after.

J. Survey students to if their are -nerally -cry' 'VC

or 'Vt.
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INSULATION INVEST

0f131 ECT1VE : TO FAMILIARIZE STUDENTS WITH AVAILABLE' TYPES
OF INSULATION AND THEIR LABELING,

_

There is a wide variety of insulation available today. The have d f
ferent uses, R- values, and forms. As a class, try to collectiVe to ten
different types and develop an information display indicating the R-values
and uses. Try to obtain the following types: (1) loose-fill mineral 'wootj
(2) loose-fill polystyrene beads; (3) batt mineral wool without vapor
barrier; (4) batt mineral wool with vapor barrier; (5), rigid foam board;

(6) cellulose fiber; (7) vermiculite or perlite. Look on the label for
the R-value and use. See the wart' bobarbelow:

NAME or MANUFACIURER

Low limo Int ion A

Weight t7f is a Int ion per tang: )t1 1bo . Tbe to Acturer reconvnends these
maxi rta la-1 cove rageo ':L t t he av m 1 an th lc knenn en to provide the_ Javan of
inFatnl l c'tl I n nul m ion lot:Ince (R) vnl um, shown:

R

V.t1uc

To ph rain ;in i arm l,ii

t 1 on yea 1 tit a nc.-Le R o f :

P - :4
: 28 oquare fee t

E- 1') inch( ") thl ck 15 nqua re fee t
8- 1 1 4 Indic!' thick .50 oquire feet
1:--.+ I 1 1.11 che 1 1111 elc 75 o q ua re feat

Min lanna

I% lc kne mini

Malimoan too t
Coverage

Inrtt lled Instant on Contonto of thla
:mid be not bag should not

loam than: cnvor more than:

uggeSt1_

S_ek insulation from building supply stores, building contractors, and
inSulatiun suppliers.

Your local utility corinany may have on insulation display and derrit n
stration which, they would present at your school.

Be careful with fiberglass ins ul a ti on i t is glass and can pnet
the skin causing a great deal of irritation.

dir
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WEATHERPPORING

OBJECTIVE TO DETERM NE UM MUCH) IF ANY; ADDITIONAL
VJEAMERPROOF NG NEEDS TO BE ADDED TO YOUR

HOfrE.

To reduce the heating and cooling costs in a home, it is imp t to
reduce air movement in or out of the home. The cheapest,-most effective
way to reduce infiltration is with weatherproofing: caulking, putty, or
weatherstrips. Below you will see illustrations of several locations where
infiltration is likely to occur. Refer to the illustrations and, use the
checklist to determine the condition or existence of weatherproofing at
your house.

WINDOWS

Check the circled 'areas of your
windows.

CZ OKAY - Good, unbroken weatherstrip-
.ping in all places with-no
drafts.

0 FA R Weatherstripping damaged or
missing in some places and
minor drafts.

Cl POOR - No weatherstripping all

and very drafty.

Check the circled parts of the door.

0 OKAY - Good, .unbroken weather-
. stripping with no drafts.

Cl FAIR -Weatherstripping is missing
or damaged in places with
minor drafts.

Cl POOR - tVo weatherstripping and
Conclusions: _ver drafty.
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/

Conclusions:

1 4941116.-

AREAAROALLIELIMRSAID

Look at a typical doer and window
area and check the circled areas
carefully.

OKAY - Caulking fills all cracks
around the door frame and
the putty around the win
dow is unbroken and solid;
no'drafts.

1=1 FAIR - Putty and 'Caulking are /

cracked dr missing, caul-
ing minor drafts,

C:3 POOR - No caulking at all and the
putty Is in very. poor con-
dition causing, very bad
drafts.

If you checked air or poor for any of the thr
stripping, caulking, or putty needs to be repl
then you don't need caulking, weatherstripping

then the wehther-
-'d.. If all areas are Okay,

putty.'



QB ECTIVE: T©' DEMONSTRATE THE NUMBER OF APPLIANCE IN'
THEMOME, AND INDICATE THEIR APPROXIMATE'
ENERGY CONSUMPTION AND COST OF OPERATION,

A W _Z-I - a4a
.. .

Few pqople realize how marry appliances they have, and certainly don't
realize how much energy they consume. Below you will find an audit form
you cag use to record information on the appliances in.your home. The
audit provides a listing of the_mOst common items as well as their annual
energy consumption; it also provides a check for maintenance or Condition of
the item. Record all tM items in your Home, check their-condition and then
tally the annual consumption' rates. Use the cost per kilowatt-hour in your
area to determine the annual costof the appliances in your 'home. Make re-'
commendationsfor.the maintenance of items from your checklist.

PPL ANC A
-. IRM

1
1M >- P.- CI 7. . Z,

tr:4
W 'IC 1

LU LI

w

Ili ....1 1--- ...i
....1

1-- _

P
- u E 03

w cz.

o--

iS) t;
w i:

ce
2 ti'
Lk' iz.

1E6=
_

I-- is = ce 1-61 ed L.L.1 4.1 I
1§:.1.12.L2L

Hair -Dr 14 2

C eaner
Air Conditioner

room
860

Bed Coven!' ,-

Blender 15

Brdiler 100
a v ng Kn
Clothes Dryer 993
Coffee Maker 106
Deep Fryer 83
Dehumidifier 377
Dishwasher 363

Egd Cooker 14-

Fan (Attic) 291

Fan irc la i i 43
Fan rol away 38

fanjwiodut) 1.70 _z__ -._

Freezer,15cu.ft 1195
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APPLIANCE AUDIT FO CONT.)

CI

Freezer, 15'cu.
ft. frostless.

F in Pa

emca amp
Hair Dryer
Heater 1Portab
Heatfng Pad
Heat Lamp
Hot Plate
Hum e
Iron (hand)
Mixer

1 ,761

106

017411TRTET6;ive
Radio
Radio/Record

Fla e
angp

with oven -1;175

with self-
cleanin oven 1 205-

R frigerator
12 'cu. ft. 728

Refrigerator 12
cu.ft. frostless 1 217

Ref, Freezer
14 cu. ft. 1,136

Ref./Freezer 14
cu.ft. frostless 1.829

14

176
'10

13

63

144
13

[90
:86

09

Roaster 205
Sandwich grill 33

Shaver 1.

Sun Lamp
Televisio

black & white
tube t ee 350

--gack hite
solid state 120

color tube type 660
color solid state 440
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APPLIANCEAUDIT FOR

w

(CONT.
.o4

...t .-_
z w c5 cz =o

.,., C4
U. VI I 11 0-1

CO CI U) CI azt
Lu,C3 LJJ 0 1jj a.

CO F: ff fr- W E

Toaster
Tooth Brush
Trash compactor
nfifitor
Waffle Iron
Washing Machine

u omati
as ng c ne
non-automatic

Waste Dis ase

.39

. 045
50.

22

-103

76

0
er ea er-

2475 watt
Water Heater
4474 watt

a

4219

4811

TOTAL CONSUMPTION

x
n w consume cos per w

Now could your family conserve on their appliance'energy'cost7



AN pERGY ETHIC

ECTI.VE TO ENCOURAGE AN ENERgGY. CONSE
ETHI C.t FOR STUDENTS

1.011WWWIL

Below you will see a list of .items and activifies'whiali require energy
for their manufacture, use, and disposal. Number (rank) 'these items in
orderof importance and necessity-to you Mark your responses in column
A--number 1 being most important on down to number 20 for least important.

A
watching television
hot war for battling
electric toothbrush
waffle iron '

synthetic clothing
reading a book
eating a raw apple
TV dinners
car ride to the itore
drive-in movie
making homemade ice cream
lipstick or cologne
aerosol deodorant
electMe hairdryer
bike riding,
a walk in the sun
candy
nighttime football games
hot lunches
school buses

B C

Now that you have ranked these items according to their importance to you,
go back and.rank the ones you feel are moot energy Sri t4noive in Column B
(from "1 to 110".) Discuss your answers in class.

Now mark in Column C the items you could do without which would help you
and our nation conserve energy. Discuss your answers in class-.

_uggestions:

1. Develop an ener y:Alternatiives bulletin board for the school.

234
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OBJECTIVE: TO AID THE. STUDENTS IN UNDERSTANDING THEIR
LIFESTYLES IN TERMS OF ENERGY REQUIREMENTS
AND TO PLACE THEIR LIFESTYLES IN WORLD
PERSPECTIVE.

The Lifestyle Index is designed to demonstrate ho much energy an indi-
vidual uses each year and how his standard of living compared with that or
an average individual in other countries of theworld,

The basic unit employed is the Energy Unit which, is equtvalent to about
10 kilowatt hours or exactly 34,300 British thermal units.



I

f 1 -A. IIoU EHOLD ENERGY EXPENDITURE
(Precise Method)

The ffibst precise method o of calcula t ino household energy expenditure is to
convert quantities of electricity and fuel used to Energy Units oplying
ale following conversion factors.' If you tia've.not retained r the
past year, qo directly to Part 1-B and use the- approximate method If you
do use thfs precise mrthod. omit E'art 1-B (except for: the sectiooion Resi-
dential Buildings Materials) and omTffiW section on Preparing 460 Preserv-
ing in Part 111 (roods acrd Bever rtes) and the section on rl nnic Ail -.

aces in Part IV (LeiSOe Act v tI s

ELECTRICITY

Multiply total kilowa
12 months by they crony

NATURAI fA

'51
ti- ed in the last.

:tor 0.368.

Multiply t al f_ubic I et 1r,ed in the la!,

mnnthc by

;FLJEL OIL

numhrr
months hy 4 5,

Divide total
the holkehol cf and e

riallnn: it he l.a

un i umber user ",

total here a I on thvit,

I -B. 11011S11101 I) E lal 1WY I X1114 M1 HIM !;

(Appro hqh,d)

kfimr APPLIANcr,

Yalue 1 ted in brat krt....ire aye age

Inorgy'llnit% annually.
Multiply by tho luMbrr'of itriii% in the
hon., ApplianC. ir,ed in prepa inn

and prri.".ervinq will hr
in Part III (F and Hovc..raqo )

*Mato: .e the "approxiwiAe meth 1

to vcrify your
actuolhill: are touch lidwer., that the

rnximation, be c,on%ervotive in the
rrt of ttlic activity. If your hill--
are hifilier, coropew-ite Y,mr

nation,.jor p_or.t,_; II throuqh VI

t I

I C. APPI

[h.]

r hi

no machine f4]
liatuum c eillipr

.-Itr conditioner 001
1 I (overnino 11:14

dehumidifier
heating pad t4
humidifier I 60

normicidal

hair dryer [! 1

heqt lowp

--11aYer Lu.7
thbrrr ,h [0.-
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'I

,.

vibrator
clothes dryer

(hand)
,

washing machine

(automatic) (38]
aching machine
rlonAutomatic) [28]

water heater
(standard) (15S5]

water heater
quick recovery) [UM

T .1 SPACE HEATING
ELETRICIT*.NATUitAL GAS, COIL, ANO
SOLAR HEATING
If you have not usQrj the precite
method of Part I-A; the following
table will provide an estimate Of
space heatimienergy expen iturP.
deRending on location and ype of
heating.- .

Nat. 011 011/
50 lar

iAS ApPLIANCES
cloche s dryer 1211j
water -heater [1170]

NOrtNIO.r.

Hld-Alan"
Fast Nor

6480
5800

1060
4800

6180
5720 2216

Subiotal Central 4900 5940 /700

HOME LIGHTING WPst North
.6010

Figures Are for average Annual Central 5150 4440 578(1 2040

.use. If your household uses South Atlan-

more or less, increase or de-
crease accordingly.

tic

East South
4460 3/00 4400 l700

Central' 4040 110 l)60 100

Electric lightinq [268] We!.t. ?Ilan

Central o no 7400 ;'860 570Ornamental las
llghtS [660] Mountain 4110 4060 4840 18/0

Subtotal Pacific 114n ;74n 144n

f001. ING AND 14NTITAT/ON

CANTRAt-AIR 'CONDITIONING4rtON('
1755.1

[act NorTfr7C-i7,16,..ir 14053'.

Wpf,t North Central (905]

!-)nthiji AtlIntic

tAlst: South Central 11560_
West 7)outh Central 11710

I :Mountain flOY1

Pa(iti( W10

CDOLING AND VINTITAII N (noncentral)
fan (attiO (.1011

ICENIRAI AIR CONDITIONING
(gas) [10461

fan (OrCOlatimn 116Y
fan (rnl )--(way) Ns L5)]

fon (window) Y; 1,

Plectric room air

Conditioner' [ilhl
'-',uhtota

COAL
MiLltiply ton% Of o%ed

in the la%t 1-4 ruinth hy

//c,,

WOO!)

Multiply iord% 11..ed In

11!4t 1,1 1119nth% by 6:0.

101 N T tAt (WILDING MATI R AL, AND

GRo!INDS
'Total nnme conctrort Inn vir-cly

iw 1 Ijd i 1,1 I ri pro(1,-.%ing,

fahrication, tranwortatIon, and
%ale%) ha% yarn allotted nye,' the
average lifetime ui Inc ho...io

fore major alteration% are re-
guirod. A -,--1-year %pan na% heen

rhos-rm tor ai;lortitation. It ,,pur

re%Idpn(0 wa% build in the'll%1
v4.ars, Add the followiel ter

building material-._
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Part' 1 i I. I OODS AND BEVERAGES,'

About 12 percent of America's
energy is used to produce, trans,.
Port, sell, an prepare foods.
A large propor ion of thOs is,.
concentrated 1 meat products.
If you do not =at meat, ,omit thR
meat category and add extra for
vegetables. if lop produce your
own vegetabl s by hand and without
f -1J-1111.0,1"i o hot include the 19

4)ejtOtts for vegetables

norlyA00 ate calculated by.
OPPOqooing:160d agricultural'.
Onergy,expenditUreSaccording to
the- dollar:Oasfs;n1 the food cate-
gories-1n -Reference 12 and making
-0,1t6t7pent; fOi-:import5 and expos
AVOrage yearli:consumption per
capita is giren in parentheses.

;.PROPUCTION.

hen f (114.8,.h/yr)'

Veal (2.2 lb/Yr)
lamb andmotten
(3.4 lb/Yi)
pork.(73.1-1:b/yr)
chicken lb /yr

torkey_(lL9 1h/yr)
diviry products (356,1

-1b/Yr)
-qqs (31t1 Og9S/Yr)
fiet.tbles and r

xclodinq hOffr
il? 1b/yr,

fruits and nut.
lb/yr)

food grain (141 1 /yr)[7]-
sugar:

in'ed (103 16/yr)

corn syrup '('? 1h/

TRANSPORTATION `O F' TO
PROCESSING PLART AND STORE

t if you 4rok your own produce
uy t or your food at farm.

116] \-S

$1Jbtotal

[1

[41

yr)
beveraqes
cocoa; 18
edfhle voc:.

arrinit1 fats

A yr)
11)/y

offee,
1 /yr )

le oils and
it5

.[17]

[111

Subtota

PROCESSING
meat [211]

dairy prodUOI [24]
canned and frOon
foods [28]
rain produC [1.6]

bakery product;
. [13]

sugar -21]

confectiOnery (4]
m1scellaneou% foods 132]
beverages i24]

Subto-tol.

CONTAINERS
The following Energy Units a

for one 12-ounwil (:..notainer use

fay,.: broughout ttif.:! year. Ad.jus

accordingly.
BEVERAGE CONTAIN RS

refillable 914$
bottles
one -way Alas

bottles

(steel and hrafr

num)

aluminum
Iii 1.1 l l od
or wino

Ire

is

qtas

al um i now
-

COM

can!..0

[41

. ,

SO to t.a 1

REIAlt4NO AND 11006AUNG:ENERGY:
ExPENDITURES
l':11colated on Virg b005 .c1 grace

s.ale'-; for vaHowl m000 tQM 'S,
fir-edt [45]

product: ", [1,8]
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fish
p roduc
c 4nred an d fr .2en
f clods
g rains an J bakery
p roeucss
s ugo r and confec-
t ion ary p rocuczs
beve rages n onal-
coho lic)

,rnisc ell aneou s foo ds
a lco hol is be vera..s

S Jbt ota 1

RE F 00C S
.-.1(11 tip ly th ounds of meat

produ is cons ,aned oac h weer`; b
SO an t he po -in -s of Pet food

rea 1 p roduc -ts by 12 to qct
the tota 1 Ehel'gsv Unit:Li. Then
di v'ido t his f igu re by th e runner
ai pe r so Is in th e hou5eh old wrio
rekTarcl t lie s the irs .

ub -tot al

70e D PRE ?ARAI :ON AND PRE 3ER:VIVC
f you lcuh-ted homo fuel

he prec -Ise win ad in part 141,if al your meal 's re ea-ten out
'his do n 1.14,) Jkz_ bo skip ped,

ELE CTFIC AP PL I AN :2_,ES
b lender
b roi
c Iry inc
c Cella
demo fryo
d isfrwas.ho r
Orig coc,ke-
f rec. zet- ( 15
f ree --

cob" c t t)
f ryi 49 pan
licit 01a to

r

oven (n7 Icrowave only )
ronge ( se 1 f7 )

rongo ( ro out .ar )
refr ige rotor ( 1 2

co. ft)
rt -fr ra t ur ,i=4-

1trSS , 1 2 cu. ft

Cubic
st,Iess,

El
6]
37-

E3139:

30]
r 133

[140

ciiit
[6111
rj3:1
41
--101

443]
432 1

P...4E1 1

y
or

zr, 14 cu.
refrig.r toe- freezer ,

( frost les s, 14 cu f t.
roaste r
sandwi ch gri 11
toaster
t rash corryactot-
waffle Imo
was te ai&poser

GAS APPLIANCE S
outdoor as gri 11
range (apartmen t)
range (single unit )
refrigerator-

Add Energy Uni
and gas appl i an
by number of us
to get sub ':.ot ol

Add a
and en

or
es an

rs in

[41 8]

[67 3]
75

12

r14

11 I

0Q,
E351,

38 9,
E

el ect ri
cl Ivi de

ho use hold

Sut3to tal

1 s ubtota is In Pa et I1 a
er tot herd end on page 24 4.

-Total

Part 11,t LEI 511R1 A CTf VI 'TIE 5

Est Irnatc5 for lei sure act iv ti es
outside the home vet-,y consi derab ly
with di s tance trove-IN:, rlenris of
transoortatiori, equip-tent ufied, and
frequency cq use .

ELECTRONIC APPLIANCES
t i If you es tirnate d electr c It

used by the prec -Ise me Mod in Pa rt.
I-A. Enersly expend-3 to rec. f nr 10,1 ter-
ial s have lreadv been collcula ted
under House 110 d Mated alp. in Part I II
Fi (lures are for operat lot-1 only orn-
pute.d on the basis of AVetiACIC el ec-
tri c use per r i tern per yeas r (4 lows

ly for television, 6 hours weekly
for s tereo) Ak Us t a c rd ng ly

vac! io
-ad 10/ rect.) pl Ayer 40
s tereo
televi sion

black wh ( t taw! (1-Z91
ack IS w ( sol

[4.']
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-or
t.ci 7n

.t it

) 31

,.11 1 1 (I

1 6:1
)1.1) CC 1 1

Ct.': -1-! IRAL :T :TRW( I-ICRiAT:tri

I -1 1. ii IC iii
t 1 fo-.)1 ir ; I CI ir , and

(..111 I-". t loll 1 1 lit .r.ly
ii I iii. la vi- t i' 'IC (Jill it It ,(1 I in
o 1 (11.7- I( ny it Id I 14 .1-ly ii i t

«e 1 1 1 1 1 -) f n7 1 tiiv inn ,.(,t ,

(1,1 Jo. _t till rune C IC"

I %I( li-Tria 1, c!ii I It''=, hit
ii I '

1{, I(' f_ri,)1.-u., liii I

W ii flit 111 '1"41'

,11 i IA 1 C 1IJ 11 li iJ ,Irip

; iii Ci IC i CC C le( I ii 0 I

(., al t II C ' ii h

H 0 1
(It

iCli'! nit ( w Ci i'Tfl I r : 1 I try ,

r (.i Ill ) I.( I

tYork In .1 ((qi t.I rip-, iii 0v0

k I CI Ii

t I ANI I t('- 11 V', 1 11

1.1 t.., !

, it ",

ht) 7.1 Or 1.0 ,.1

yt I I

1

.1 1 ii t

rier it 8 1

010 it a

SPORTS
Outdoor pec tet tor !-,por requi re

very ,.--41,11 1 t.77, of ilergy (excel) t,
for h it to 1 7 omes and t he I ke)
a 11 (I Ire ord t.t ed. Some part Ic ipa -

ve TS , and mos t

f I 0 1"(1 e'ent s rogut 1i. on 1 y human
ergy. (ter, fodt-
ho 1 , i her ki 11 ji i. , w i

(Cl lint .1 fiC t ) o o 1 s ). u r 1(19 , (:(111001n(),

t inn (i na ti r.11 C , f
(v.-pi thou t_ i ircit or- t(r ) b k rig , s le d-
dlno, 1 nd 11410 or 0111a.:,ti cc y 0(1,1

ko te IJOo rohat ics ) row! i re 1 0!7,s

than I 11,.:1' fly Jr i ar (1 may also he
C t eu. I Or ) t 1 1 1 , 1 i rt I L: 1 pO ii Ve

iii! a.10, 1 n oro:./ IL i Y. Jc cord hit is
the titl oeiClJ , a jos t f

fo n ore 1 n-onOvp 1n(1 1 e';'(

en,(I-.T 1 et (:1' olv,c once ho
Vioir (IC (It'.

1 to I( Cl 'i(
IMI(10!' I ,a tik,k I ybo 1 1 wi't's I.-
1 I nil, ii Xiiilj, h , 11,1110,11 I , -
door' tel , 0- t j, c,Inip I (01 ,

I fiii Ii Cii

I I ( o 1 !CV i o or i

Ii -1101 071 (;,ly Ii nir( ) In( , h(n-,y-
t),10 rti:1!)1( iii JC a C I hot) iii) C IV

in!!

f t n I OP I ll .1- 11,11 t

l+k)v 1 i rici wit Ii iiit ordd , indoor
I T!v it o 1, 1! n Hit

14,1( liiij, clii 411uCNI urn, t litin t
it -.11 1)(11i), t VA( 111(1

y,o lit ; Ili 1, a ri) 1,", lit ' Ity iiiq , (It Inc 11(1(1(1

r 1 i1111,1 I

Adil ii') ',CI1ItCC,Uc in l',Ir t IV ni I

t 1(11 11 tin 1'1- ,Ind (If I

inof ,1 1

241



CI _E

t y ; yea r
y (I

I'1111 TRANSPORT ATIt1N
N'i iply mi 1 trove', oci per

vet r hy.t he following number.
urty rd ns17.. O. 14

rc 0.094
brr, , 04:2.

Sub to till

Add . -r1 1 subtt tal it Part V ord
on tot' ()ore and 0-1 1)(1 (le 2414.

1-:) al

SUC `IC L1C1 IV
CV: CI

111-1S INESS SERV ICES

a (Avert is ing , sign
pal wring [32]
sonc ces to bull d-
ings
bus iness ant con-
sul ti nl . [12]
credi t [3]
dup 1 i cat I mai 1-
[mg , steno {3]
cc-)Innie rc i d 1 re r t1 r "c I1

and t est inn [5]
detec ti ve servi c [2]
l'carr ip nt ren to' [5]
trading 5tarIps [3]

1

HIBI k: m Rvl Cr,
Al 1 c it i :0 ns hove ,ic cos s to

tire. following serviCeF, dild f a -
Pi ',I w I. ",f HVICI (.1 ci 11 tie, , If a 11 of them apply,

I ...,a,-Iti i t 1 on I' o t do porson:i I 11,-,(). of vvir subt ota 1 shool d he 631 .

et a, !.(,,, y -( 011.1 d+.,NIN( 1 -,(1 t d r, (Tort al 11 51- Th.' Fninnoy Unit:; listed apply to
i d 1 , r i l l d (A) 1 I ()c t ye roe`; mils t he Iv t 6 cons (roc t, ion and ope ra I lc

cnant701.1 it) the 0; t inkice coostinwn a ho spi ta l (pub] IC,
4'1 1 )11) 1 t d 1 ') . I);=) ily 1;ot at tond und 1)11 vd le) , [ 241]
0. hoe 1'- ter tisr_' hc,spi to I s Ou rSO I yes. , rd oca4,7,i on (nub] is
ot. t i t no sc.-r:, to t...tx 02nd enery -Irl d pH vote)

,t, r, t h ( (" is ,,t, -,v i co ,-_, do no t app ft' (; 3 ca : 1 :-., Ten ri._
t.,o1 t: lion; ,-tv iti 1,1I) 11, . I I you are t.e lepl to no .7,o rvi CP

(I r 1 !:; Ed nor , hoont y p,1r I nr, ot her pulil is of
-h i,)y ho e 1 1 t I o 11 . M i l l t i ply by ?, 1 or 146)
,n) a ',' y t. s i i s, i le Icy Ion li oh( Mi ihwiAy cons trust icln

(In '-no intomanc o [186]
Ir1 i I consorvution ond

do .1)1c)111110 II t 01
IT'ANI-Ce!,, q11]
srve r S ys tom', [17]
wa 7o r in'; 111 / 1

is h 1 lec t.i er i [1:1
SUL) tot 1

CA tRNIN11 N I !fd, IN1 CI S
Gov() rmiten t set' y I I: 0 s/ ti t in.1,I Or

Li '.(' r (If ottOrqy . S ince di I ore
hyper' to d (or harmed) ley t hese
servi cos , tne total tW'rdy ex
IttnIdod in tia-,1 he d 10 nionci al 1

c it 1,-ons . 11() 1 ',obi o c tislics
ail) ii vo I la blo rot' 1 I -1 I ono rgy
osp end II ur(,, I ho ( 1,:, not tho
coco 110'' s Im to and II govern
In(T)t) t services . Tho aro

rrrinR )1 I ( I t) It t1

I I G

Id I 'A I I())

NI) I kil)(,,INLI,
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Part V. TRANSPORTATION

All forms of transportation
considered below include a
factor for associated costs
(fuel refining and retailing,
vehicle manufacture and main-
tenance. insurance, etc.) except
for high y construction, which
is-incl d/in Part VI under
Public Se ices. Energy con-

sumed in ighting is included
in the consumer product or
service and is thus not counted
separately here.

NONT;USINESS TRAVEL
PRIVATE CAR
.This is a major part of your

lifestyle energy use and should
tie calculated as closely as pos-

sible: First, determine the num-
r of non business miles trwled
ch year by subtracting miles of

tysiness travel from annual car
ndleage. Divide by the average
number of pas.sengers. Then multi-
ply this figure by the followidg
number, depending on your car's
miles per gallon (mpg).

8 mpg. Multiply by 0,50
14 mpg, " 0.29

20 mpg. " 0.20

mpg. " 0.16

MOTORCYCLE
Divide number of nonbusiness

miles each year by average number
of riders (if any) and multiply
by the following number, depend nq
on miles per gallon.

50 Mpg, Multiply by 0.08
100 mpg. Multiply by 0.04
160 mpg. Multiply by 0.025

GAS, COIL, TIRES, MAINTENANCE,
INSURANCE, PARKING
For private car lac motorcycle,

nultiply Energy Units calculated
directly above by 0._1!)5.

-VEHICLE CONSTRUCTION AND RETAILING
This assumes the life of your

vehicle is average (about 8 years).
Divide the weight of the vehicle by
the number of users and multiply
this figure by 0.154.

OTHER NONBUSINESS TRANSPORTATION
Multiply the number of miles tra-

,veled per year by the figures indi-
cated.

train
highway bus
urban mass transit
commercial aircraft
modern cruise liner
yacht
bicycle

0.094
0.042
0.14
0.30
0.48
1.4

0.016
Subtotal

DING T4 WORK
The multiplying factors here are

larger than-1n the preceding sec-
tion hecaUse 0)6y include associated
costs', such as vehicle maintenance
and construction.

lrrIATE CAR
-st determine annual mileage by

;:0-iplying round trip in miles by
wcrkdays per year. Divide by the

number of passenoers and then mul-
tiply this figure by the following
number, depending on the car's
wile; per gallon (mpg).

7 mpg. Multiply by 0.130
10 mpg. " 0.56

14 mpg. 0.40

21 mpj. 0.27

28 mpg. 0.20

MOTORCYCLE-
Divide miles per year by average

number of riders if any) and mul-

tiply,by the following number, de-
penc-Elg on miles per gallon.

50 npg. Multiply by 0.11
100 npg. 0.056

160 opq, 0.036
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eStima_ed here to be equivalent to the federal government's non - military
energy expenditures in comparable areas. r

FEDERAL GOVERNMENT

The major user of energy in the federal government is the military, with
603 Energy Units per capita annually. Total federal expenditure, printed
as your subtotal, is 709 Energy Units..

Subtotal 709

STATE AND LOCAL GOVERNMENTS

Construction not previously included amounts to 27 Energy (Mil- Main-
tenance of fire and police departments, etc, accounts for another 100.

Subtotal 127

POSTAL SERVICES

Per ,capita energy expenditure for the average person (824 pieces sent
or received each year--or about 16 per week) is 31 Energy Units. _Adjust
accordingly. Subtotal

Add all subtotals in Part VI and enter total here and in the space below.
Total

Enter below the Energy Unit tals for each of the six parts of the
Lifestyle Index as each is completed. Then find your grand total.

Part

I. Household Energy Expenditures (A. Precise
Method: B. Approximate Method)

II. household Materials and Personal Items
III. Foods and Beverages
IV. Leisure Activities
V. _Transportation

VI. 'Social and Collective Services,

GRAND TOTAL

Energy Units

You should now compare your tot 1 annual expendi ture of energy with that
of the aver-ago U.S. citizen '(10,000 Energy Units) and with those of citi
zens. of otherCcountries given below:

ANNUAL ENERGY UNITS PER CAPITA IN SELECTED COUNTRIES

Afghanistan 23 Brazil 435 Congo 212
Albania 624 Burma Costa Rica 378
Angola 130 Burundi Cuba 949
Argentina 1490 Cameroon R2 Czechoslov kia 5590
Australia 4600 Canada 7870 Dahomey
Austria 2890 Chad 23 Denmark 4

r

Bahamas 4285 -Chile 1255 Ecuador 263
Barbados 975 China 473 Egypt 241

Bolivia 175 Colombia 559 E1 Salv 171
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Ethiopia 34 Kenya 145 Puerto Rico 3230

Finland 3655 Khmer Republic 20 Saudi Arabia 813

France 3314 Kuwai 8610 Singapore 1320

Gabon 874 71 Spain 1406

Germany 4412 Lebanon 709 Sweden 5140

Ghana 157 Liberia 313 Switzerland 3015

Greece 1240 Malagasy Republic 62 Tanzania 59

Greenland 3750 Mali 21 Turkey 436'

Guatemala 196 Mexico 1072 Uganda 61

Guihea 85 Mozambique 148 U.S.S.R. 3825

Haiti 24 Morocco 171 United Kingdom 4650

Honchgas 183 Nepal 8 United States 9500*

Hong Kong 862 Netherlands 4325 Uruguay 775

Iceland 3640 Nicaragua 324 , VenezUela 2107

India 157 Niger 21 Yemen 11

Indonesia 106 Nigeria SO Yugoslavia 1360

Iran 865 Norway 4400

Ireland 2830 Pakistan 68

Israel 2245 Panama 662

Italy . 2245 Paraguay 119

Ivory Coast 238 Peru 519

Jamaica 1068 Philippines 246

Japan 2755 Poland 3690

Jordan 260 Portugal 685

WORLD AVERAGES

With United States 1630

Without United States 1167

*This 'represents the per capita U.S. energy expenditure for 1971. The

figure for 1972 (latest year on which computations could be based) is

10,000 Energy Units.
Source: 101,1d gnorgl Sul: len

United N'ations, New York, 1973 converted into Energy Unit u s by the

author).

StatistiCal Papers. Series J. No. 16,

Source: (Adapted from)
Lifestyle Index
contrammicre by Al Fred lri tsch



ENERGY ATTITUDE SURVEY

ETIVE: TO DETERMINE THE ATTITUDES OF STUDENTS
IN RELATION TO ENERGY.

Often we are not aware of the attitudes and opinions of those around us.
It may be that there are a large number of students in your school who are
interested in energy conservation and would make good conservation advo-
cates.

Take a survey of the students in your class or school to determine their
attitudes about conserving energy, their role, the government's role, their
recommendations and so on 'Included in this activity is a survey form and
a tally sheet. You may wish to distribute the survey form or place it in
your school paper. Feel free to add your own. questions.

You might like to administer before-and-after attitude surveys. Take a
survey before your class becomes active in-learning and providing energy,
conservation information. Then after your energy conservation campaign,
take a second survey. See if attitudes have changed.
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ENERGY ATTITUDE SURVEY

De you believe- there is an-energy Shortage? yes no don't

know

2. Do you believe you have been given a realistic picture of the energy
situation facing the United States? yes no don't 'know

Do you belieVe most Americans are energy "waster's?
yes no don't know

4. Do you believe most Americans are energy "cons -v rs"?

no .don't know

5. Do you belieVe Americans are "spoiled", self- indulgent and reluctant
to take responsibility for the future? _yes no .,'con't know

6. Do you believe it is the responsibility of every U.S. citizen to con-
serve energy voluntarily yes . no don't Anow

7. Do you believe AmericanS will conserve energy only when government
controls are imposed? yes no don't know

Would you be willing to reduce your standard. of living to conserve

energy? __yes
___

no don't know

Do you believe you as an individual can make an impact on energy
consumption? 1 yes no don't know_yes

10. Would you conserve energy to save money? yes no don't know

,

1. Do you think the money saved is worUithe inconvenience of conserving

energy yes don't know

12. Do you think the energy saved is worth the inconvenience of conserving

energy? yes no don't know

13. Do you feel technology will "bail us out" of the energy shortage?

es no don't know

14. Do you feel you have any input or participation in the energy usage
decisions made by your family? _yes no don't know

15. Are you going to do something to save energy? yes no

know

don't



w

uestion Yes

ENERGY ATTITUDE TALLY

Don'

V0L
V

Know

1

2

4

5

8

9

10

11

12

13

14

15

Find the percentages for each response, For example: on question 1
200 students respond; 100 say yes, 60 no and 40 don't know then the
percent saying yes is 100 or 50%; saying no is 60 or 307' saying don't

200 200
know is 40, or 20';',. (You may choose to use a clacula or, especially if

200

Dirge numbers of students respond),

Suggestions:

1. Suyve your class separately to ape if the study of Home Economics
hA an effect:

You might print your results in the school newspaper,

Survey the teachept and administrator's. ,Do their opinions differ
00 from the stddents?
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OBJECTIVE: TO EXTEND THE FINDINGS IN THIS COURSE OF STUD'
BEYOND THE CLASSROOM AND TO INMATE A CONSER
VATION ADVOCACY PROGRAM., (

The impact of energy conservation is only as great as the number of

people involved and actively seeking and practicing 'conservation. The more

people you can convince, enlighten, or involve in energy conservation

efforts, the more energy can be saved.

Set up an Energy.Conservation Task Force to plan and execute a continuing

effort to collect and provide energy conservation information. The infor-

mation you have gathered and applied.should be shared with others in the

form of bulletin boards, displays, class discussions, PTA meetings, school

newspaper articles, printed fliers, recycling' lrives6 demonstrations_ and

sponsored speakers and films.

Suggestions:

1. Have students write short papers on energy cons' tion which could be

used in the school or local newspaper.

Develop a series of bulletin boards dealing with the everyday, practical

aspects of'energy conservation. Depict, for-example, Bath vs. Shower,

Use of a Microwave Oven, Food-Chain, Riding in a car vs. Walking, Ox.

Investigate the school's consumption patterns and -commendations

to the administration. Investigate food service, surrounding vegeta-

tion, insulatibn, shades or draperies; thermostat settings,-busing,

and athletics.

Give demonstrations on conserving energy when cooking, sewing, or iron-

ing and how to select and-shock appliances for energy conservation.

The Energy Conservation Task Force could be organized into a regw.l ir

school club.

Sponsor field trips to power plants, energy conservation activities

such as an energy fair, 4-H and FHA activitiesAoaling,with energy Nn d,

the planning office or chamber of commerce in your area.

Design, print and sell "Er rqy Cora -,rvati-r T-Shirts



APPENDIX-A:

PRELIMINARY ESTIMATE;
1971 ANNUAL ENERGY CONSUMPTION IN THE UNITED STATE

SECTOR and` END US BPD**

RESIDENTIAL
Space7i1eating 0,000
Water Heating 1,100,000
Cooking 320,000
Clothes Drying 160,000
Refrigeration 49M00
Air Conditioning '10,000

Lighting and Other 7./0,000

Re id- TOTAL 7:100,000

COMMERCIAL
Space ing 000
Water Heating ;1, 000

Cooking 80U00
Refriger, ation 370,000
Air Conditioni 11 000,000
Feedstock 560..000

tAqhting and Other 0.30.000

Commercial TOTAL 30(F,000

1ND16TUAL
Process Stoani

Llectric Drive
Flectrolyfic Pro(ei-,es
Direct Ileot

feedstock

Other
i n d u s t r i a l 1 1A1

TRAWORIAlION
Automobile',

1rucks

Aircrdtt

Busec,

Wohirways
Pipelines
Other

lronsportdt ielrr TO1A1

110NA1 1011E

-Iota I . , do not. uhf 1 1 1 .0 round i n ( i v d l e n t h,rrrc1. Irl o i l per do
Source: thil ler, do in 110 ten 1. 11 for I nitrify i 1 hreugh Re

chic ti on., in llo I. Wa t t r ('on uImoon en 0,e,11 1 . 11A, HP, (11A-11P,- 1 '

END USE*-

UT OF

1974 TOTAL

10

3.0

0.9
0,4
1.1

1.2

2.1

A. 0s

1 b. 1

, (kW

390 1.1

10.6

1,144,
1:311 0

,000,

1,300,000
1, /00,0

1 /00,000
300

4,!,000

1.1,000

114,000

ii`o

.000

, 000,0(.10
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APPENDIX C (Continued)
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APPENDIX C (Continued

AppHaince
Average
Wattage

Est. kwh
Consumed

Annually

HOUSEWARES

Clock 2 17
Floor Polisher 305 15

Sewing,Machine 75 11

Vacuum Cleaner 630 46

SOURCE: Electric Energy Association



OBJECTIVE: TO PROVIDE THE HOME ECONOMICS TEACHER. WITH A FIRM
GRASP- OF THE BASIC ENERGY CONCEPTS, WITH A KNOWL-
EDGE A8,10 HOW ENERGY IS TRANSPORTED. AND STORED,
AND WITH. AN. UNDERSTANDING OF THE FUTURE AVAIL-
ABILITY OF THE BASIC 'ENERGY RESOURCES

WHAT I S E F30

in-rgy, theOgh not easily defined, is not easily ignored. Man's senses
.svnd,to a variety of energy forms, The eyes respond to light energy.

The ears detect sound energy. Other nerves indicate contact with thermal
and electrical energy. These energy forms are-interconnected
changeable; different forms of energy can be used for the same purpose;
energy can be stored or transformed. Rut probably the most common and
important characteristic of energy is its capacity for doing work_

rk

Students often say such th i ngs "My work load is too heavy' or "I'm
doing yard work this suomr" or "I have to help my mother with the house-
work."" Suppose, in the last cOmmnt,, that you must push a refrigerator
from oge side of the kitchen to the other.-,Awinust work against the
frictional force which exist between the refrigerator and the floor,
which UKII1S-overconinq an opposing force'. The amount of work done de-
pends.upon the force exerted on the :refrigerator and- on how far the
refrigerator is moved. JliciL

Y"t' 'X distance

where i is the distance of movement (in meters) and i _.th( dpplied
force, measured accordinc to Newton' law of dynanii cs that is, f Az):
This-unit of force is called the newton (0. ThOs, the amouneof work
done is measured'in-newton-Meters. When applied to work, newton-meters
are called,Rnil(!ri, for the English physicist James Prescott Jople. Ohe
joule equals one newton-meter.

Suppose that; instead of moving a refrigerator, you must lift a tele-
vision. In this. case,' work is done against the gravitational force.-
Again, but the magnitude of the force is the'weight of the
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object, c)f L a where a is the acceleration due to gravity, and M is
MaSS. Gravitational acceleration is usuatly indicated by the letter g.
The weight or the gravitational force acting on the object is:

'W F v Mg
g- v

On or near the surface of the earth, g has a value of 9.8 m/a ters per
square secOnd). Work required to lift the teleOsion to a height h can be
written as:

W m Mgh.

f the television has a mass M. of 8k11 and it is raised one meter
k done is

W M ( (9.17m/a 7R, 4

the

pefinition of .Power

kdefinition. of the tempowar is also necessary for a full understand-
ing of' energy.; :power, like work, has a scientific meaning that differs
from that used in ordinary conversation. When we say that a person has
great power, we mean either great physical strength or great authorit
But .fin physics,; power means the time rate of doing work (using energy

P - Power o k done or ner used)

When work' is measured in jodlesand time is measured in seconds,'power is
.expressed irLwatts; one joule per second equals one watt Ws a W). (The
watt is named after WMes Matt who designed the first practic4 steam
ngine. The watt may be used to express quantities .of-mechanical as well
Olectrical power). Tha'averagehuman being can.produce, at most,'

160 watts.

Suppose that you must move an Bkg television a vertical height of one
ter in two seconds. Now much power (average ). will be required?

W Mgh
7f t

7B.4.i
39.2 watts

Discussions of electrical enerating Plants and consumption figures
cluding your-electric bill use the terms Kilowatt (Kw or 1,000 watts) and
megawatt (Mw or 1,000,000 watts). Also, the hdrsepower, defined in terms
of the watt, is often used as a unit of measuring power: one horsepower
(hp) equals 746 watts or almost 3/4 kw.

L//tftti s*clet&Incr Ewrgy

Other units besides the joule are commonly used to Measure ener y; for
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example, the'kitowda-hour is often used to measure electrical energy.
One kilowatt-hour (kwh) is the amount of energy used to run a 1,000-watt
(one kilowatt) appliance for one hour. The kilowatt is a measure of power;
therefore, the kilowatt-hour is a unit of energy that describes the work
accomplished through the use of power over time:

or
Per . Work done or rgy used

ame

Ekergy u8ed Power x

One kwh can be expressed in joules:

kwh = _ (100w) x (1hr ) x (36008 hr)

= ( 6) (100) w/0

(3.6) OA jouiea

Remember, kilowatts refer to power--the rate at which energy is used--
and kilowatt-hours refer to the amount of energy used. The zost of one
kilowatt-houris from l.5 to g4 these days. You might be surprised eo
learn how much work-a kilowatt-hour will do. For instance, the/work
equivalent of one kil6Watt -hour would lift 10 cubic feet of water about
40 feet!

The caloric is the unit of energy used -in heat problems. One 8alorie
is the amount of heat necessary to raise one grAm of water at 15 Celsius

one degree CelSius; one calorie is mechanically-equivalent to 4.186,joules.
One thousand calories. is a-kilocalorieor familiar unit of

food energy. (The average American consumes 3,150Calories each day). ,

The'British thermal unit Otuj the amount of-heat energy required to
raise the temperature of one pound of water one .degree Fahrenheit. The
Btu is commonly used by engineers. to sOeCifY the-total amount of,energy
used for .some,specific purpose; for example, an air conditioner ay -have

a.cooling capacity of 8,000 Btu's per hour._ The Btu is also used to
specify.the-energy content of primary fuels or energy resources; for
example:

Each-gallon of gasoline has a-heating Value of about
136,000 Btu. (Heating value is the Maximum,ametint of
energy released when fuel' coMbines with oxygen in a

combustion process). If an automobile gets- ten miles
per gallon of gasoline, then'it.ta .eS about 13;600
Btu. oto the car each mile. east, p, 81]
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The following table relates the four basic,,units of energy:

Energy Conversion Value in
Factors joules

Yilue in Value_ in
kilowatt-hours Btu's

1 joule 1 - (2.78) (10'7)

1 kilowatt ,hour
(

6) (106

1 Calorie 4186 (1.16).(1C1

1 Btu 1055 (2.93) (10-4

(0.95) (10-3.

(3.41) (1'0

3.97

1

Source: Marion, p. 29.

MAJOR FORMS OF ENERGY

Besides energy contained in light, in molecules alike gas, oil, coal),
and in atomic nuclei (like uranium), there are two major forms of energy:
energy of position or configuration (potential energy),and energy ofmotion (kinetic energy). Potential energy is'always due to the presence
of one of the three basic types of fakes in natpre: gravitational,
electrical, and nuclear. Chemical energy,though also .a form of potential
energy, is more conveniently discussed as ,a separate form, even thoughall forms of chemical energy are basically electrical in character.
Kinetic energy is the thermal energy associated with the interior motionof a material's particles. Two manifestations of kinetic.energy are
mechanical energy and sound energy. Material in this section presents an
examination of the ways in%which each form of energy can be converted
into types of energy.

Potential

Stored energy in a substance is called potential energy.:_For example,
suppose a television is knocked of its stand and,' upon-filling, hits
your foot.- Energy was transferred-from the television to-your:foot.
Clearly, energy must have been contained in the television'whfle it was
resting on its stand. The television acquired the energy ttliad.befee
it-fell when someone lifted.it to.its:stand._

Because potential energy. can be converted into work, WOrk-unitsare
used to measure and describe:Ootential,energy; that 1$; potential energy
can be measured in joules. .The potential:energy (FE) of mass (M) raised
through a distance (h), where the acceleration due to gravity is (g)'is:

PE = Mgt vt

'.Suppose'you want to find the potential energy of an 8-kg television that
has been raised one meter from the floor to its stand. You woill0 conduct
the following computation:
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Thus, the "amount of pbtential energy the television possesses relative to
its potential energy while sitting on the floor is equal .to the amount df
work it took to raise the television. to its stand. This.kind of potential
energy is associated with theforce of gravity. There are other kinds,
associated with other forces., For example', a stretched rubber band has
'potential energy. So does an electric battery.

Gravitationa g.argy. A television resting on its stand has gravitation-
al potential energy. The weight of the television, the distance lt rests
above the floor, and the earth's gravitational 'force all combine to give
the television the potential to do work.

Two natural energy resources can be harnessed for their gravitational
potential energy: tides and rivers. When high tides go out, their
gravitational-potential energy is converted into kinetic energy which
can be harnessed to create electrical energy. The tidal-powered elec-
trical generating plant on the Rance-River'in France takes advantage of
the power of the English Channel tide which rises as .high as 44 feet.
As the tide rises, gates are opened in the damend water flows behind to
'form a nine-Square-mile pool. At high tide,the:gates are.closed. As the
.tide lowers, the trapped water is allowed to flow out, driving-electricity-
generating turbines._ In other locations, the flowing water of,rivers is
stored behind nydrOelectric facilities in dammed reservoirs. The stored
water'can be released at,mill to turn the plant turbines which generate
electricity.

Electrical Energy. All matteris composed of atoms, and each atom con-
sists of protons, electrons,, and neutrons. An electron is a negative
partiOe of electricity; a proton is a positive particle of electricity.
These two kinds of particles are attracted to each other through an elec-
trical field (apalogogs to the television set,being attracted to the earth
through the gravitational field). Electricity is a manifestation of either
the separation of electrons from portons (static electricity) of the motion
of electrons. - /

-

You can 'produce static electricity by rubbing a balleon on your hair.
The balloon gains electrons and.becomes negatively charged,whije your hair
loS6s electrons and bebomes positively charged. The energy uled'to create
the wore (done by your hand) is stored in the atomic systems of both balloon
and hair. Thus, after the rubbing, both balloon and hair may be said to
have- potential energy just as,a television has potential energy after it
has beery placed on its stand.

In order for a substance to conduct electricity, its atoms,must have
electrons that are free to move from atom to atom. Metals have free
electrons, and liquids and gases have ions that can produce an electric
current.''Such substances are known as conductors of electricity. Elec-

trons or iohs,in any conductor travel through a conductor from a negative
source to a'positive source of electricity.
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There are two,main kinds of current: direct and aiternatidg, kirk must be
done to create either a direct or an alternating current'in A circuit. In
both cases, the energy expended c6mei-from outside the system; Direct
urrent often uses chemical. energy to-move electrons, while alternating
urrent uses the force;of A rotating ma rwtic field to induce current. Ii

both cases, the current can be used to:perform work.

Direct current (dc) flows continuously in the ame direction until the
circuit is broken or, the power:fallS.. Dc genera s are used in automobiles

l
:

to supply the electrical n ?eded to keep the storage battery fully
charged.

A current which flows in One drection 'during part of A generating cycle
and the opposite airing the rmalnder,Of the cycle.is,called'an alternating:
current (acl. Alternating current iS more widely used than direct current
for two reasons: (1) simpler-§enerating machines and electric motors are
possible with alternating current; and (2) alternatfng'xurrent can be
readily transformed into: high voltages while' direct current cannot. House-

. hold appliances use alternating current.

: Although electricity is a, form of.energy, it i snot a source of energy;
rather, it serves as an energy transport system.yElectricity is usually
generated from the following sources:.petroleUry. natural gas, coal, hydro
power, or nuclear power.

Chemed Energy. Substantes store chemical-energy in the sense that when
they enter into a themical, reaction with oxygen (oxidation) to form a new
ChemicaLcompound, they release heat or cause electricity to flow. For
example, Whenwwd-burns, it combines with oxygen and gives off heat; when
gasoline burns, the potential chemical 'energy in:the gasoline is released
as heat energy. Other sources of chemical -energy besides natural gas and.

,

wood are coal and petroleum (fossil fuels) and storage batteries.

Natural gas. is primarily compOsed of methane. When methane bur , its.

reac'ti'on with oxygen produces carbon'dioxide,'water, and energy. Specific-
ally, 55,000 joules of energy are-released by one gram of methane when it is
burned. For the reaction to occur, several atomic bonds must be broken and
new ones formed. Since methane and oxygen together have more electrical
potential energy than carbon dioxide and ater, the oxidation ofmethane

k' .releases energy. ,

Nuclear Energy. The release of chemical energy involves the rearrangement
of molecules, Similarly, the release of nuclear energy involves the re-
arrangement of neutrons and protons to form different nuclei (the core)
within individual atoms. There are two types of nuclear energy: fission and
fusion. Fission occurs when ';the nucleus of,an atom is split into two parts.
When a neutron hits an atom of a fissionable element, it may be captured by
the atom's nucleus. If it is, the atom may split into two smaller atoms,
each having approximately half the mass of the original atom. The original
atom releases two or three neutrons which' may then hit other atoms and
cause them to sOlit:Thus, a chain reaction may occur. Radiant (light)
energy is also released during the fission process.

wispoiginiumiumMoneMilIK- iii0111M16_
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ccurs Wheh two lightweight atomic nu` lei (neutron d,protons)
unite form a heavier nucleus. A fusion reaction is'also ,CalIed atherMo-
nuclear reaction )ecause it tikes pine only at.extremelgh temperatures.
At the present time, man does ,not know how-to make hydrogen atom$ fuse in a,
useful way Other than-in an explosion) because kmethod to-contain the
extremely high temperatures needed has not beenIciUnd. Hydrogen'Osion Could
be.a.6Seful eery alternative: because.its fuel comes from waterldeuterium)
Uhllke!fission;,bydrogen fusion-Would produce much less radioactive waste;

.Every movingObjeCt has kinetic energy.The earth is considered sfationarY,
and an object restingOn the surface of the earth is:Saicito have zer0H
kinetic energy. Kinetic energy depends onthe mass as well as the sped of
the irieving object; theeXpression of kinetic energy KR) of an objector
,i-nass*(0)*ving wiWa'vejecity (v) -is:

. .

Note that kinetic energY-depends on 'the squarethe- object's velocity. -As
Ith,potential energy andwerk-the'unitJor MeaSuringAinetic:energy,is
the joule.'Iinetit:energyintetrelates energy of-heat with energy'of:motion.

Suppose 'that you Wish Wde*ermine the kinetic energy of an 8- Kgytele-
vjsion itis-knecked off its stand and the time =i:
the fleor.:The'television.falls'ata rate of about five -meters :,0Wiecendl.

4

2. =WV
2
= Y(8mg) (5m/ii) (5m/a)

KE

In falling to the floor, theteleVISten.loses potential energy, but 'gains
kinetic' energy, By ,the time the television; trikes the flobri all of the
potential energy has been converted into kinetic energy is

verted intorwork,and'heat: Energy is transferred from thetelevfsiente the
floor (and damageSthe set! ):

There- are_three major types of kinetic-energy: Mechanical sound, and-
radiant.

!Afechanical.energy is found in,machines. In ordinary language, the tem
,rnachine.refers.to any mechanical device that is used to accomplish CChore
:faster or,mbrecoriVeniently.than would be possible without a machine.4,,-
Machine :cArt performone of five basic functions: .(1) transform; (2),trans-r-
fer;'( ) Multiply,force;- (4) change direction;,or(S). multiply speed,,

,

One type of maphineissed- to transform- energy; for example, a generator
:'transforms mechanical energy Into electrical energy, while a windmill trans-
forms wind energy into mechanical energy. 'Other machines -traneeVenergy
from one TjApe-to anothOr; for example, energy is transferred from the coma
bastion cylinders of an'automobile to therear wheels'by:the connecting
rods, crankShaft drive shaft, and.rear'ai)e. A third type multii)Ziee'Prce;
for example;.-thepulleys:on.venetial blinds enable easy lifting of shades.
A related type of machine allows one to change the direction of a force;.
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for example, the pulley mechanism inside public bathroom towel machines
exerts.an'Upward force on the useAportion of the towel as-a downward force
4s exerted on the clean portion Of the towel,. A fifth typeof machine can
be used tO multiply opeed; for example, the sprocket wheel! of a .blOcle
(the wheel to which. the pedals are attached) trns the rear wheel Of the 11
bicycle at a faster rate than ,that'of the wheelf:itself.

One must keep in'mind that althoug,h machines re generally associated
with kinetic energy, machines are constantly t volved in an interplay of
kinetic ,and, potential energy. 'falling object,exhpits,only kinetic energy,
during .the x1" le split-sec

' efhre it strikes the earth. During all the:
other seconds cif its fall i it has both kinetic anti potential energy.

The interplay of kinetic and potential energy in macbines is known in
physics as the law of connervation of mechanical energy. This law states
that,the sip of the potential and kinetic energy-of an ideal 'energy system``
(an ideal machine) remains constant. Of coorse,there are no ideal machin4.
All machines are hindered by dissipative Oces such.as friction .(which
produces heat rather'' than mechanical e'nergy). But his heat energy is.n0C.
"lost" in the real sense; the laWS of thermodyn i say that there is a
constant amount of `energy in the universe--ene be converted into
another form, tais never lost.

Because of the presence,of dissipative forces, no machine is 100 percent
efftcient. The ratio of the useful or conservative work output of a
machine to the total work input. is called its efficiency;

ound eneivy. Like'-heat energy and electric,energy, teund.energy is a
method of energy transfer. Sound maybe generally defined as the result of
a'series of Wave diSturbances travelfeg'froma Source through:onedium..
(usually the atmosphere) _to_ the human :ear lkdisturbanceSelSo-occurat
levep'above and below the. wave-fre9yericieStVwhich. the hOman'Oar isspAl-
tive.-Jherange of audible freqeee'010 .compose .the audio spectr4m,- whitg
those above and this range,OMPOse,the ulfra-eon0.and aponic
tipctIurns. The t 'ctrums together are known as the 801 is opecti;um..

A wave's frequel,' n the sonic spectrum is the nuaiber of waves (cycles)
passing a given point in a unit of time Thus, frequency is the number of .

cycle per'unit of time Frequency is measured in hertz; for example, if
wave disturbanCes (cycles) pass a ,given poineln One second, the

of the wave is 30 hertz (30/sec. ). The audio-Spectrum extends
apprexiMately 20 to 20,0Q0 hertz.

1WelPeed of sound ie'air is aboUt331'S meters /second at 0 °C. Keep in-
mind that the-speed of light in free space is 2.997925(108) meters/second.
This difference in speed accounps for,Our seeing a distant flash of light-
eing before hearing the aCCOMpallYing thunder. In water, the- speed of sound.
is four times greater` than in air, sound travels,throughwater at about
1500 meters/second.
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.SuPPose that yoU are swimming under water in a pool and a friend hits two
rocks together under water. The collision of the rocks sets into motion the
water moleoules in the immedilte vicinity; the nearby water molecules
acquire energy from the collision. These molecules then collide with othe
Molecules and further molecular collisions occur; An other words, the'
collision ini.tlates a series of waves. Sound drkied by the waves to yo
ar. Thus, sound-is due to wavesregular molecularlmotion --and therefore
s,a form of kinetic energy.

Hac7 rrnt energy, is the result of'electromagnetic di'sturbances.'oh waves. Th
electromagnetic theory says,that.the various phenomena of r nation are-_
caused by electromagnetic waves whose energy is divided bet en an:electric
field and a magnetic field-.-bothof which are perpendicular .to each other..
and to the direction in which the waves move. Unlike sound energy, radian'
energy does not require a medium to be carried through space; radiant
energy can travel through -free space.

TheA-adiant or electromagnetic spectrum consists of a large rang
radiation frequencies, from 10hertz- to more than;1025 hertz. While all
electroMagnettc radiations traVel at 3(108):ffieterS/secondAthe radiatiOns
vary in wavelength frOm-.3(10/).meterS tojess than M071/). meters. The.
longer' -the Wavelength, the lower .it is in frequency and: energy. The angstro
(Alistommonly used to express the wavelengths pf electrimagnetic. radia.-
dens; One angstrom Is. A' linearintature equivalent to 10-10. maters fort
Mample'i a wavelength of2(103) meters/second is equivalent to 2(1013)
arigstroms.

The radiant or elettromagnetfc 'spectrum taOle,divided.intcveighfamjor
regions. In order of lowest frequencyto highest frequency,they are
(Welectrical; (2). radio; (3) infrared; (4)'pptica1;;.(5)-ultraViolet;
(6) X-ray; (7) gamma; and (8) hard gamma: The fiiiire,op the following page
gives a brief description ofeach.-

..- Light may be defined' as .the elettromagnetic energy that human .body can

detect.. the optical speArum consists. of light energy 4-0smalliPart of a.m.
radiant.energy..The wavelength of visible radiant energy ranges from 7600A
to 4000k.

rherarl'E to Potential and Kinotic Ener.

Thermal energy is the total potential and kinetic energy associated with
the random motion of a substance's particles. The quantity of thermal energy
possessed by a body determines its temperature. But the same quantity of
*thermal energy possessed by different bodies does not give both the same,
'temperature. The relation between thermal energy and temperature depends
on the particular substance. If the average, kinetic energy (a part of the
total thermal energy) of a substance's particles is increased, the tempera-
ture of the substance is increased. If the average kinetic energy is
decreased, the temperature goes4down. If we were able to cool a body to, the
Point Where all thermal motion 'ceased, the temperature would be called
"absolute zero"

269



VisIDLE

SIAN OARi) RAM O

sisoR
1.00 RA

FM RA6

4 71

WAVE LCNTI

25?
25



bstanees have three phases or States: solid, liquid, and gal. life
change or phase from a HOW to a eolid is Galled Amiion., (Do not cenfuee
this with nuclaar fuoinNJ EnergY must be supplied"to a body undee-",'
going fusion in order to increase the potential energy of the solid's
particle or appear% as Work done on the partiCles in Changing from a solid
structd4. to a liquid structure ". Fusion Is a constant` temperature process
as the solid- melts, the potential (not kinetic) energy.of the substance in-
creases. For eeeMple, where the appropriate amount of energy is supplied to
a piece of Ice wItheutbeechange In average kinetic energy, the particles el.
the ice increase in potential energy without_a change in temperature and
the ite melts tb form water; the energy enables .the particles in the
Mblecules to overcome the forcee that hold them In fixed positions. The
energy added to any substance to make it melt increases.: the thermal energy
of .its molecules.

similarly, when.an appropriate amount of energy Is supplied to a liquid
without a change in kinetic energy, the liquid increases in theriiial energy
and.heeomee a vapor without a change In teMperature; that is, liquid '

part1)...-10 become particles in the vapor phase.,When a substance undergees
vePothation, the energy.supelied gives the particles bf the liquid
sufficient thermal energy to overcome the fortes binding thenf to..-the liquid
and enables them to separate from each other and. move among the molecules
of the gases aboye the liquid. The energy required to vaporize a unit Mass
of liquid ts boiling lrrai,nt Is called its heat of vaporisation.'

Arree0 And !win', tyre often confused ",'-`rrrrj,o rztrrre is he

Me of a quantiirpropor ionnl to the average kinetic energy of
1 h a subst, ance. grat involves the transfer of -thermal energy

from one body to another of lower temperature. Boiling water always has
approximately the same temperature, trots` the amount of heat in boiling voter
depends on the amount of boiling water; a small pot of boiling water con-
talus less heat,than a large pan of boiling water., though their temperatures
are the same. cleat is a term.for thermal energy that is appliedNev sub-

npl of lower thermal energy. The energy supplied to a substance that
Ca., t. o anelt or vaporize. is thermal energy (more specifically, heat
ener substances have thermal energy, but ail, sub stances are not
sources of"feat energy .- The amount of heat energy In a, substance depends
upon the,ic4x11 amount of itrreniar energy it has in relation to ether sub-
stances. It is possibj. substance to have a low temperature, yet
produce a lot of heat, fo ipTe, a 61tiator cii ves off eiore heat than a

bemir.) match even though the water in the Orli, has a'lower temperature
than the flame of the match:

substances have the viiill energy,. but M,1 cannot e called thermat

eneeetsoerces.:that is, .not all are good sources of heat energy. The sun-,
for example, is an excel le- tOuree of a-ioase amount ofAieat energy. Some
of thesun' heat energy =tan he hieyeeted"with solar- collector,. Als6,
'scientiStknew-how to harnesS sonic of the heat within the earth
thermal energy) and turn it leto-electrical energy. Geothermal heel
originates feeM-mAema-(meftee rock ) which finch. Its way to the surface o
the-earth in are forme of -team,'
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Energy cOnver on-me g changing one form nergy into another. For
example, when we switCh'en a vacuum cleaner, ele-ctrical energyis converted
into mechanical energy. The conversion of nuclear energy frOnAtip' sun to
electrical energy is a-More complex example. Nuclear fusionittions in
the sun produce radiant energy which caUsOs water on the earth,to evapora
and winds Carry the vapor overland. The evaporated water eventually con,-
deOei to form clouds which'may then condense further .t0 form rain.- The
rain may fall into a river whichflowt PastA.hydroelectricplant, where
the graVitathnO1 OtTltial energy:pf.!thortkr tsJvr4ed into electricitYY
The electricity be tn. iwodute-Mechanical energy (e.g., to
power a caw) or it riviie''StOred as chemical energy (e.g., in batteries
used to operate the electrical starters, in automobiles).

There ate a vast number of energy conversionexamples n 11 win
matrix, somPyoici machines or processehitiat$onvert energy. are
cuninari zed.
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The series of energy conversions in a steam-generating plant are shown
in simplified form in the following diagram:

Fossil Fuel >Boiler-- - >Turbine >Generator
Chemical Energy-- Heat Energy Mechanical t Energy

Coal,- more often than oil and natural gas, is used in most steam electric
generating plants. The coal is loaded into a furnace. While it burns, it
releases heat energy which sets water boiling and subsequently changes it
into steam. The steam then flows thrOugh- large pipes to the steam turbine
where it turns the blades of the turbine to -produce mechanical energy in
the form of ,a rotating shaft. Recall that some mechanical energy is always
dissipated by friction. The rotating shaft drives an electric generator
which produces electricity. Nuclear energy.-can also be used to generate
steam and now accounts'for almost ten percent of all U.S. electricity
generation.

BASIC LAWS OF ENERGY

According to Einstein's equation, E ma', energy and mass aro:inter,
related. Mass may be converted into energy and energy may be conVereed into
mass. Both types of conversion are occurring continually in thealnivArse,
but the total amount of energy and mass remains constant at all times:Jhis'
fact is exPressed in the taw of conOervation of Matter and emorgtwthe total
mount of Matter and energy in the;Ainiverse'reMains constant, The conserva-
tion law has been repeatedly proved in laboratory experiments and by obser-

._ .

vations.

When Watt, developed his steam engine 2010 years ago, he had little scikn-
tific and quantitative knowledge as to how the engine actually worked.
During the first half of the nineteenth century, Joule, Carnot, and Clausi AS
formulated the relationships among energy, heat, and work known as the
iatc th rmodynamico:

Energy and. matter can be neither created nor destroyed.
I.

The energy of the universe constant, but the entropy of the
universe increases toward a Mximum, where out-ropy is a measure
of the unavailable energy i a thermodynamic system.

The first law (energy cannot be ca rted or d-Arbyed ) says thats'there-is

no such thing as a free lunch".or'you can't get something for_illithing.:,
The second law says that "it's impossible to do something with'the same
energy, that was used to do it in the first place." Once an act, is accom,

pliShed, the energy required to accomplish it has degraded to a lower level,
and less is available to do work.

The Entropy Law says that wherever energy is used, it loses some of its
quality. Highest quality sources shouldMe used for highest quality needs;
for.eiample, high quality natural gas should be used whenever its high
flame temperature and cleanliness are needed b-keries, need such a fuel).

Liko,Wfse, it makes sense to heat residential water with solar heat rather-



than with natural gds.

Consider the following as an example of the Entropy Law. Natural gas is
being used to heat a pan of water. The temperature of the gas flame is very
high--several thousand degkees Fahrenheit. Some of the heat warms the water
to 120 °F from 60°F, and the rest of the heat is lost to the air; therefore,
making the air a little warmer. No energy is really lost in-the process; it
is simply dispersed from a state of high quality or available to a state
of low quality or availability.

The importance of the lag of thermodynamics cannot-be overemphasized.
Their formulation meant that energy could be understood theoretically for
the first time in history': that engines could be built to maximize energy
through increased efficiency, that the relationships of energy to a tech-
nological society could be understood.

RDIEWABLE AND N1NRENEWAVLE ENERGY RESOURCES:

THEIR PRESENT AND RITURE AVAILABILITY

All energy resources belong to dne of two groups--renewable or nonrenew-
able resources. Nondepletable energy resources are renewable; for,exaMple,
the sun is a renewable resource, as is water. Depletable energy resources
e nonvozowable. Fossil fuels--cbal, -oil, and gas - -ire nonrenewable be-

cause theyiwere produced over millions .of years by vegetation under pressur
in the earth's crust and heated by the :'1/1. Uranium, another important
energy resource, is also nonrenewable.

.gotar. By the year 2000, solar heAting and cooling could satisfy perhaps
half the needs of all new residential and commercial buildings. Presently
there are some very promising approaches to using solar energy for'lbw
temperature needs such as space and water heating, but the cos.t is still
relatively high ($,D to $12 per square foot for solar panel's) grid functional
storage systems must he developed, to-operate in conjunction with the solar
devices. If solar equipment can be made cheaply enough, we could prodUce
electricity either by a thermal cycle- (making steam and driving d turbine)
Or by diitlect conversion using solar cells. The thermal cycle alternative is
much closer to practical implementation, but is still several times as
expensive as present methods of energy generatioh.

; 'mat. Large amounts of geothermal energy teat in the form of
stgaM, such as that found in geysers) is present to the earth's crust, hilt
it is pessible to tap these 'resources only in limited locations. Thus iar,
:development and exploration in the U.S. hasMeen Conducted mainly in the
West (California) because the most promising Otes are found there. Experts
estimate, however, that over the next 2$ years as much as 25,000-MW will be-
ROvided by geothermal plants, where stea6 from the earth is used to drive

rbines whith generate electricity. There are, however, a number of-dis-
:advantages to using geothermal energy in this manner. Equipment used in the
plants tends to corrode quickly because of minerals which dissolve in the
hot-water. These same minerals can create soave environmental {problems in
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.the form of ground water contamination, wasteft, 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"),

wi.nd. Like geothermal energy, practical wind energy is found only irr
certain locations, mostly in the Midwest, Northeast, Southwest. 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, how-
ever, wind power ,generators are being tested in Northern Europe, Russia,
and the U.S. A 100-KW wind turbine generator is in operation at NASA's Plumb
Brook Station .at Sundusky, Ohio, spongored by ODA. Research designers

are invgstigating.sUch.possibilities as "power ewers" which combine
"eggbeatdr windinachines with solar collectors to generate electricity.

TideoAlthough suggestions have;be*en made to harness the energy in tides,
the-Aotal 'amount of tidal energy potential (2x1O6MW) would make a negligible
mpact_on the world's' energy supply. Furthermore, suitable locations are not
where thedemand is and severe environmental problems could be caused by
massive movements of water in and out of coastal areas. Other disadvantages
are visual pollut4on if the generating facilities were in'a resort area,
Vorrosion of equipment by salt water, and high capital costs.

0,1. Wood is still :An important energy source in "third world" nations
and can provide a greet deal pf, power for short periods. Wood could continue
to be used as a renewable-fuel if it were grown on "planation; "' and then
burned to produce electricity. The obvious disadvantage, however, is the
competition for land use by the agricultural sector.

1/4deo 0,-,zrce). Most hydroelectric potential in the United States is al-
ready being used and emOrdnmental problems will probably prevent the
development of additional sites. 'At the end of 1970, the in'stalled hydro-
electric capa'city (both -conventional, and pumped) was 56,000 MW. 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 ,r 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 uplikil for storage, and power will be prothiced later when it is
released downhill.

Al though the key ccttxccrpt.s and technologies which will unlock the
intricaH'ies of fusion:are not _yet known, fusion remains a major hope for
ignitPcant quantities of power. Once developed, fusion could provide a long

range solution to the world's energy shortages because a nearly inexhiiustible
supply ofE lulu (the fuel necessary to produce fusion power ). is found in
water. 0

scf1i41 Using our solid wastes to supply part of our electrical demand is
idea which appeals to many people and, indeed, some small 11 ants are al-

ready in operation or under construction which can produce -icity from
solid wastes. Ow such plant in tit.' Louis. burns approxima tons of
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municipal waste per day to generate 12.5 MW of lectricity.' If we ook full
advantage of the energy contained in aZZ refuse, about 10 percent of our
energy needs would be met.,

bit Resat

Coal. Coal is the only nonrenewable energy resource which still exists in
any abunda ce. Proved U.S. 'reserves are estimated to be 400 billiOpm:tons;
possible re ources are estimated as high as 3200 billion tons. Jib adds up
to as much as 300 years' supply of coal at the current energy,: te. Coal
is presently used'torsonvert water to eleCtricity or to make
industry. In the futkb, it may be converted directly to ga3 1. Coal
creates many environmental Problems, however. Because it is-8 rty" fuel,
it causes air pollution is 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 erci
sion 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 re-
quired to reclaim stripped land at high cost.

NatuinaL ca. .The 'proved reserves of natural gas are close to 200 trillion
cubic feet. At current energy use rates, this supply would last only nine
more years. Estimates of possible additional resources range from 450 to
2,000 trillion cubic feet--a current use rate range of 20 to 100 years. At
the present time, natural gas is our least expensive fOssil fueljpecause of
price contra, A$ that make it artifically cheap. In the future, hOtever, the
price of natural gas will become much higher, necessitating many current,
users to vitch to some other fuel. There will undoubtedly be opposition .to
such a switch since natural gas is the cleanest .of the three fossil fuels
and is in great demand for space heating.

Q/7. The amount of oil which remains in the U.S. and offshore is unknown,
thaTigh proved reserves (including Alaska) 'are estimated to be 45 billion
barrels (BBL) and estimates of possible reserves are in the neighborhood of
89 BBL. Like that of natural gas, the ple of extracting petroleum from U.S.
oil fields may become so high that we ail change-our present Use patterns
(7,7,16 thousands of barrels of otl BBL from FEA Monthly Energy Report [May
i9771). Costs will increase because most of the easy::to-get has been used and
new, harder-to-get sources requiring more coqplicated technologies will have
to he tapped. Exploration for additional oil reserves centers on sites under
as much as 800 feet of ocean or as far as 25,000 feet underground. Other
large-reserves of oil are trapped in fine-grained rock called shale. Useful
fuel can be extracted from oil shale, but the net energy `produced may be
small, the process expensive (perhaps twice the present .cost), and the
environmental problems significant (1 amounts of water are needed for ex-

,tracting proces,r.es).

Uranium, as a fuel for nucear reactors, is a controversial energy
source. It is highly favored by some groups because the potential energy of
a given ,quantity of uranium is several million ttmes greater than the energy
available from an equal quantity of any oni of tfie three fossil fuels.
Mining ur-arrium is a great deal more difficult than fossil fuels, however.
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'EVen the richest uranium ore may contain only a fraction of One percent of
uranium. Becauseuradium ore is not pure and the .costs of extraction vary,
the amount ofcurrent reserves are hard to estiMate.It.has been suggested,
though, that we only have30 years worth left of ,U245--the-vranium necessary
to produce fission reactions in conventional nuclear poWer plants. The draw=
backs to fission asit is presently used to produce electricity are the
radioactive wastes and safety concerns.These objeCtions may be overcome
with the possible future development of the breederfreactor.- At the present
time, breeder technology is not well-established t,,HCbsts of development will
be high,'and it is known that the waste product s plUtonium--is'extremely
toxic. If breeders can be successfully developed andtnese. obstacles ovee-
COW, the effectiVe amount of fisSionable material (the plentiful U238 after
being converted to Pu239) is tremendouslyAnCreased,)naking our current
energy reserves of uranium large enough to'fulfill our energy needs for
thousands of years.

ORGY TRANSPORTATION ANDSTORAGE'''

Ener z Reeourve

There are five basic ways to transport energy: waterrail;rhighWay,-
pipeline, and powerline. The method used. depends upqnjhe particular energy
resource and the location of the resource; for example,'if nearby,:
coal may be shipped by barge rather than by train. Thi'S'dpeisicmlio be
influenced further by the energy intensivevece of each mOdegothatAt, the-
method used depends upon how much energy is used leeach mOdeo:ftranspor7
tation. The following table shows the energy intensiveness of eath-thode of
energy resource transport (except powerlines--electricity cannot be'effec--
tively measured in tons) in 1970:

Energy
Transport

Mode

Energy nsiveness, expressed in
BTUs o ergy needed to move 1 ton
of frei h 1 mile

Truck
Waterway
Railroad
Pipeline

2,800
680
670
450'\

Source: Hirst, 18.

Clearly, truck transport is less energy-efficient thin pipeline transport.
Thus, if you had a choice between shipping petroleum by truck or by pipeline
and your only criterion for choice was minimum energy consumed, you would
transport it by pipeline--fewer Btu's of energy consumed during transport
usually means a lower transpOrtation cost. Electricity (secondary energy)
is very costly to transmit, even at high voltages. Furthermore, on the
average, 10 percent of all electric energy may be lost through transmission
and distribution in'efficiencies rt also take's energy to move oil and gas
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through pipelines, but much less than electricity.'On the other.hand elec-
tricity is relatively, heap to generate; the transmission and generation
costs are about equdi.

The cost of each riiode of 'transportation is important; for example, the
transport, cost may determine whether you heat your home by natural gas, 'oil,
Or electricity. This sect ion presents a discussion offeach mode of transpor-
tation and 'its relative cost.

Water. Coal, oil, and sometimes natural gas (liquefied) can be moved on
water. Domestic coal is sometimes transported by barge; in 1973, 11.6 bet-
tent of all coal was moved by barge. A tow of up to 20 barges can carry
20,000-30,000 tons of coal: Efficient tow boats -can move coal cargo along
inland waterways at low cost. Supertankers can carry up to 300,000 tons of
crude oiT.' There are now over 200'of these large tankers in-use in the world.
While supertankers save A sutantial amount in freight cost, they require
2.5 miles to come to 'a full 7. :nearly, the possibility of collision is
substantial. Currently:no 1.1.5: harbor is capable of accommodating super-
rankers, although three sj.tes are being considered; Texas, Maine, and South
Carolina.

Like crude oil, refined oil is often moved by water Wriers. Refineries,
often located on principal waterways, deliver approximately 30 percent of
their products by water. during very cold weather, such as the winter of
1976-77, frozen waterways can restrict flows of energy just when it is need-
edmqt. Desperately needed coal was stranded not only in snow drifts along
the railroads, but in the jams on the Mississippi and Ohio Rivers.

Natura14as cat ,,be liquefied and transported from foreign fields to the
U.S. by water. LNG (liquid natural gas) tankers require special low tempera-
ture "thermos bottle".containers for the gas. Few tankers are equipped for
LNG service, but the few that are can carry out a billion cubic feet of gas..
Newer models will have almost three times that capacity. By 1985, it is
estimated that 100 to 150 such tankers will be needed to accomMOdate LNG
imports to the U.S. At the present time, natural gas liquefaction4,and re-
gasification increases the price of natural gas three to four timesits- well-
head price,'whereas the transporting of oil from the Persian Gulf to New York
by tanker increases the well head price of oil _only by 25 percent.

F.

Rail. Other thah pipljnes, the most efficient form of land transport today
the railroad. Diesel trains have very efficient engines and normally

tarry largle lo4ds which are optipized to the engine's requirements and
design. As indicated earlier, trains require less than one-fourth the amount
of energy than. trucks,. _to move the same amount of freight. Furthermore, trains
th'1970 used one -fifih the energy they did in 1950, mostly because of con-
version from goal -fixed steam` ocomotives to the more efficient diesel-fired
lOdomotives.

Only a small amount of oil moves by railapproximately 0.2 percent of
ceilde0oil and 2.6.percent of refined oil products in 1968. Oil may be shipped
by tanker for less than .5(t per million Btu for every 100 miles transported;
oil transportation by rail costs three times as much. On the other hand,
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in. 1973, 67 percent ofAll coal -left. the -mine by rail. Since the early 1960's
the "unit" train o4- shuttle:bas'ehhanced coal's economic attractiveness. The
unit train, WO carries coal non -stop from wine to power plant, has re-
duced transport rates from 3.5(t per million. BtL per100'miles to 1.751. In
the future, these specially designed trains may reduce the cost of coal
transport even further.

. -Coal is relatively "dirty",:Froin,mining to burning, it is difficult tct,,
handle'witheut major environmental and health impacts But due_. to improve-
ments in ,transport techniques and coal's general availability' (the, coal
supply in the U.S. has not dwindled as rapidly as the oil and natural gas
'supp 1Y), coal's competitive position in the future will improve.

Highway. As indicated earlier, truck transport is the most energy inten-
siveAleast energy- efficient) mode of energy resource.transport_;:it is also
the most expensive method ef energy transport. Unlike trains, trucks require
more fuel today than they did in' 1950 to move the same load. Increased energy
use in trucking has been largely due to better'hi_ghways which allow. or
higher speeds. goal and oil are often, transported by motor carriers (trucks).
Approximately 10 percent of all coal moves from th mine to the power plant
by truck,and approximately 11 percent is moved by onveyor belt or truck to
mine-mouth generating plants. Approximately 7 percent of crude oil (in 1968)
and 41 percent of refined oil products (in'1973) w_re moved by truck.

Pipet ne. Natural gas, oil, and coal can travel by pipeline. Domestic
natural gas transport is largely dependent on pipeli e._Large-diameter
pipelines carry gas from well-beads to processing installations. Froal there,
the gas moves- to pumping stations, thento distribution centers

-, and finally
to local gas companies and consumers. As indicated earlier,' pipelines need
very little energy to move energy resources: 450 Btu per 100 miles. In 1975
there were 980,044 miles of gas main (pipeline) in use to transmit and
distribute natural gas in the U.S.; these utility mains represent 99,1 per-
cent of all mains in service. The cost of transporting gas is between that
of pipelining oil and railing coal--between 1.5t and 1.75t per million Btu's
per 100 miles. In 1968, approximately 75,percent of all crude petroleum and
30 percent of all petroleum products were shipped by pipeline.

It is also possible to tr.ansport coal by pipeline. From,1957 until 1963 a

Coal pipeline was successfully operated in northern Ohio, but railroad com-
panies, threatened by pie prospect of pipelines moving millions of tons of
coal, lowered their. rates and forced the Ohio pipeline to shut down. In 1962
he Federal Administration introduced a bill which would have granted the .

ght of eminent domain to coal pipelines. The bill died in committee. But
subsequent legislation and changes in the views of the InterstatCommerce
Commission have enabled construction of a 275-mile coal pipeline whiclit-.
delivers coal from northeastern Arizona to a power plant in southern Nevada.
t has been in use since 1971. In 1974, legislation granting five pipelines
he power of eminent domain was approved by the Senate Interior Committee.

P000rlinc43; El'OctricitY, in itself an energy transport system is trans-
mitted by powerlines from power plants. Electric transportation costs are
not cheap.: Part of. the cost is due to the cost of the transmission wire.
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Also, the-cost depends on the voltage of the electrtcity transmitted.
National Power Survey statistics shOW that in 1964 it Cost' between lit an4
12t per, billion Btu (of A/C electric energy) when transmitting at 550
volts'over 200 miles; between 12t-and'15t at 345 kv; and between 15t and 19t
at 220 kv. Thus, the higher the voltage, the less it costs to transmit the
electricity. Unlike pipeline transmission,- electrical transmission and
distribution -systems -allow the energy to bedrawn upon for use along the way.
While powerlines are unsightly,_theyAo: not pollute as:pipelines .do when they
break, and although powerTtnes lose about10 percentef the electrical energy
they carry through transmission and distribution:ineffitienctet, powerlines
are-the fastest growing energy transport method.

Energy_ {rce

Whenever possible,. energy is stored for future use. The type,of'energY
storage Used depends upon the particular energy resource. This section dis-
cusses the ways in whtch fossil fuels, water, electrical energy in-the
form of chemical energyl and mechanical energy are stored.

F040 i1 Prole.. After coal is removed from the mine, it is-tran5ported a
power plant, coke-oven, or some other type,of coal-processing oPeration. It
is then stockpiled in the open air. Unfortunately, this is not an efficient
storage method since oxygen causes coal to deteriorate. But coal is so
bulky and heavy that it cannot be stored otherwise. Since the early 1960's,,,
unit trainskhave lessened the need for huge stockpileS, so a large amount of
oal can now quickly reach,power plants in periodsdof peak energy demand.

During the winter, residential consumers use approximately five times as ,.

much na tural gas as in the surer. The distribution utilities, therefore,
contact natural gas companies for sufficient gas to meet peak demand days')
and dispose of excess "summer gas" to industrial consumers, -unless this ex-:
cess can be stored undergropnd. In 1970 there were 325 underground storage
pools with a total estimated capacity of approximately 5.2 trillion cubic
feet. Most of these storage areas are former gas-producing pools. The rest
were converted from combination oil and gas pools, oil pools, cal mines,
salt storages, and aquifer reservoirs (water-bearing beds). At,the end of
1970, natural gas stored in reservoirs amounted to 4.0 trillion cubic feet.
On some days during that year more than 75.0 percent of peak demand, sendf-
outs came directly from storage.

Crude oil is stored either in pipelines or io large storage areas,:usually
tanks. The huge floating concrete storage tank at the Ekofisk production
center in the North Sea holds one million barrels of oil. Outer Continental
Shelf (OCS) oil is stored on the ocean floor by some countries. It is anti-
cipated that the U.S. will develop this type of s ge as OCS drilling
moves greater distances from the U.S. shores.

Crude oil is stored until it is needed for refining. Domestic 'supplies are
refined and then once again are stored in tanks--on the shore or miles inland
--or in underground pipeline systems. In the case of the Ekofisk production
center, the stored crude oil is, transported to 5p gland by pipeline and then
refined. Foreign supplies of crude ai-1 are trafislprted to. the U.S. by

Atat.I.111WelablISIMNINgiOMINELM.1111.0.-
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supertanker. An undersea or underground pipeline takes the oil-to storage
tanks on the mainland where it is refined and stored again.

. Refined petroleum products are stored until they are needed in the.con
sumer sectors; for example' heating oil- is stored in tanks until,it is
needed for winterheating. Residences that burn oil are gefierally equipped
with 265- gallon oil -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 transporta-

: tion costs. Gasolirie,.another refined petroleum product, is transported
to service. stations where it is stored in underground tanks until it is
dispensed to motor vehicles.

Water. Two types of water storage are used to create hydroelectric,
energy: gravity, water storage and pumped water storage. Rivers are natural
energy resourceS'-that 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.the'highet_eleva-.
Mom. Gravity water storage is used to c011ect,and hold a river at high
elevations so that the potential enirgy available from the river can be
converted to electrical energy during peak electrical demand periods.

If rivers floWed continuously at a constant rae,..a gravity water, storage
system would not be necessary. But rivers tend to dry up in the summer and
.flow at such powerfhl rates in the spring that most of the energy available
would be lost without gravity water storage,'which compensates for the
minimum water energy available during summer. Thus, storage areas or reser-
voirs allow hydroelectric plants to operate at the highest and most
efficient level possibler

The flow of a river into a reservoir depends upon the geography and cli-
mate of the area; in other words, the actual flow of a river at a given time
cannot.be predicted, But the annual flow can be pttgnicted accurately enough
to determine the optimum power plant size, reservqe volume, and operating
schedule for the most efficient use of the river's gravitational potential
energy.

Water storage which involves pumping water rather ,than river flow is
called pumped water storage. The simplest pumped Water storage system uses
energy from a thermal plant to pump water from one reservoir to a higher
onet,1)- later time, gravity causes the water to flow back to the lower
reservoir', and electricity.is generated. Pumped water storage systeMs are

:useally used in conjunction with gravity water storage syftems. Many pumped
water systems make use of some natural river flow; that is*iriver water
flows into the higher reservoir and water is pumped to theAligher reservoir
from the lower reservoir. Less water is pumped than is used for generating
purposes.

The advantage of the pumped water system is that during periods-/of low
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

water_

the thermal plant and the pumped storage plant
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can t4 utilized to.meet peak demand. ThuS, the thermal.plants can be
effici ently operated continuously at full load and, consequently, energy.
for p6ak demand periods is obtained at low Cost. However;, energy is lost.
in using pumped storage because the electric motors used to pump the water
and the turbine7generators used to reconvert to electricity are not 100
percent efficient. TypicallyiJO percent or moretif the energy,is lost-in

Athis process. Unlike the gravity storage system, the. pumped water storage
system, due to the thermal plant, preSents'air,pollution and heat waste,.
problems.

At the end of 1970, pumped water storage accounted for 4,000MW as com-
pared to 52,000M for conventional hydroelectric systems. In the futOre,
the number cif pumped water storage systems is expected to increase,sig-
nificantly; by the end of 1990, it is projected that pumped..storage capa-
city will be 11,000MM (comientional hydrodlectric capatity is expected to - --

be 82,000MWby that year). (Since conventional hydrOdiectric development
requires damming a, river and flooding a valley, it is likely that muChmore.
of this kind of,development will meet fierce opposition,) At the present
time, pumped water..storage is of almost no value in the Pacific Northwest
because Conventional water storage systems can. be provided with the
additional peak energy they need more cheaplyby extra turbine-generater
systems than by a pumped water storage system:Autin the future, the number
of acceptable' sites for conventional hydroelectric' plants in other parts of
the country will dwindle more rapidly and additional pumped Storage-systems
will be needed.

0

Elect2-1-calEnergy. Batteries are used to. store small quantites of direct
current,electrical energy in the form of chemical energy. The high capital
cost of batteries and AC/DC/AC conversion equipment make battery energy
storage impractical where large amounts of energy are concerned.

Four types of batteries are,cammon: lead-acid, nickel-cadmium, zinc-
silver, and nickel-iron. The type of battery used depends upon the par-
ticular application; for example, when high discharge rates are needed to

power an external load, zinc-silver batteries are used. On the other hand, -
moderate discharge rates are provided by low-costlead-acid batteries; they
are the most commonly used type. Minimum gas generation is provided by
nickellcadmium batteries, and ruggedness is provided by nickel-iron
batteries.

The_1976 Energy Research and Development Administration's Conservation
Prggram includes use of energy storage systems. One system.under investiga-
tion is a lithium-sulphur (Li/S)_battery, which has the potential to solve.
the combined requirements of: (1) helping a utility meet its peak load;.
(2) leveling solar and wind load; and (3) propelling electric vehicles.
The technical feasibility of this storage system has been demonstrated,
although certain problems such as basic cost and material corrosion have
not as ye b n'solved. It is anticipated that by 1985 Li/S batteries could
capture lrcent of the market for all load levelingapplicationS,- in-
cluding the electric vehicle market. If successful, this battery could save

. the equivalent of millions of barrels of petroleum daily.
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Mechanical E'nerg As indica-ed above; pumped water storage systems can
generate electricity during low demand periods, and provide energy, during
peak-demand periodS. Unfortunately, pumped storage iS.relati'Vely inefficient
(67 percent), takes up alot of land, amttosts approximately $400 pjllion'
for A-single plant. A tOmpact,'cheap, and highly efficient energy-storage
system is needed that would be:environmentally equitable-for ay.:location,
even denSely populated areas. A flywheel sySteM of storage might answer all
these requOtments.

The principle of a ftywilus that a spinning wheel. stores mechanical
energy; th0 is, just as water can be put,into,and taken out of a reservoir,
energy canlae put into:and takqn out a revolving wheel.(flywheel). The
earliest known flywheel was the potter's wheel of 6500 years ago..curing.
the Industrial Revolution,flywheels were used to oppose and moderat6
any flatuatiorns of speed in the steam engines that powered mills-and"
factories. Today, flywheels carry the rotation of pulses of mechanical
energy. delivered by:the pistons?of internal-combustion engines.

At -the presentttO, eXperiments are using flywheel to power buseS in. the
Soviet Union an&ti*United States. .They also are used to provide a variety
of electric power'', supplies; for `example, ii0Pstralia, a 20,000-hp electric-
poweped dragltne/earth-moving machine maintains its peak power demands with
eflywheel.

Flywheels have a , eaiy proved their high-performance vale in a large
range of applicatiOnS..iBut improvements must be made in general perforMance,
and safety before they Can be.used as. powerpeaking.-storage.units. These'
improvements cat' be made if flywheels are constructed of "super" materials,
materjals whi0 exhibit differeht properties when tested along axes in
ifferent directions. To be successful, such materials must exhibit,ex-
remely.high strength to resist centrifugal fqrees (outward spinning g-forees

which could break the wheel apart) yet must he'ef low density% in_the past,
flywheels have been made of heavy,-high-density materials which have been
unable to store Much energy per unit mass. If successful, the light, low-
density flywheel will=require only 10 percent as much mass to store the_
same amount of energy as the heavy, high-density flywheel. Low-density
flywheels cap,be Wit of fiber composites developed originally for aero-
space needs..These light flywheels are .called superflywheels. Unlike the
pUMpedYstorage sytem, superflyWheel sytems have not as yet been built or
demonstrated. '

-Once superflywheels are developed, they will he able to stOre.energy from
an electric power plant during .low electrical energy demand periods and will
be able to'provide energy during peak periods, It is estimated that suctl, a

system will have an efficiency of approximately g5 percent and.a lifetime
of 30740 years or more. It will also be approximately 1,000 times smaller
than a pumped storage sy4tem. It is estimated that a superflywheel system
storing 10,000 kiloWatt-hoursvf mechanical energy and having a power
rati4 of 3,000 kilowatts will be much less costly than a pumped storage
syctem. The superflywheel should be applicable to-energy storage suitable
for generating plants but also in a size suitable for use in automobile.Also,
the s rflywheel could provide the means to store sojar and wind power.
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GLOSSARY

LSRATn7N. The time rate of change of velocity in either speed or
direction, (13)*

ACCELERAT-InN Ni E TO GRAVITY. The acceleration of a body freely falling i
. a vacuum. The International Committee on W9ightS and Measures has
adopted as a standard or accepted value, 980.665 cm /sect or
32.174 ft /sect. (13)

ALTERNATING ;21/T (AC). An electric current:whose direction of flow
is changed at periodic intervals (many times per second): (7)

A .,1!. A unit of linear measure equal to 10-1° micron or l'x 10-8 cm.
03, 15)

ACrIFEF1'. An underground bed or m of earth, gravel, or porous stone
tha contains water. (6)

ATOM. The smallest partAcle'of an,eletient which can enter into 'a chehical
combination. All chemical compounds are formed of atoms, the dif-
ference tletween compounds being attributable to the nature, number,
and arrangement of their constituent atoms. (13)

ATE 11-(7 ROMP. An explosive._ that derives its energy from the ss- n

or fuston. of atomic nuclei, (134

pin , ENERGY. (1) The constitutive internal energy of the atom which
was absorbed when it was formed; (2) Energy derived from the mass ,

converted into energy in nuclear transformations. (13)

PH,F. A nuclear- reactor.

A TO [;PgCTMW. The audible range of sound frequencies extending from
approximately 20 to 20,000 hertz. (15)

PAIIWF,7,. Although seldom stored in actual "barrels," crude oil is measured
in a unit called the barrel, eqOal to 42 O.S. gallons. One barrel of;:
crude. oil has the same energy as 350 pounds of,coal. (9)

See mk.'t 1 _ at

PLACKOM% (1) A total power failurc.caused unintentionally by storm
damage,. equipment failure, (H overloaded utility equipment. (2) An
exceptional situation in which all power is deliberately cut otf by
electrical generating facilities.

LNKY-T TRWLINWW Cotton fiber mineral wool cr v:61 fiber made into
varying thicknesses in a length.

*Numbers i n tarenthe ses r the GLOSSARY REFERENCES.
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wo
, 74T. Automatically Changes th

ings at'predetermined times, permlttin
drrai cally reduced ip the evening.

id, -combustible, orgahit hydrocarbon formed by the dOconrpas1tion
vegetable material without free access to air. (6)

rnpstat be een
f terripe rature th be

l'ilL1117:17A7'10,1, The converF40 of tonal to a qa5.sWable or use
fuel. (6)

44-

COT* 77,' As the volume of a 'Cu he increase the volum
ratio decreases.'

WT(..)111. Burning; techryically, Lra0i,; by';`'thc
release Of energy in One forMer heat, and light: It it one -Of the
.three basic contributingjaeters causi air pollution, ethers
are attrition and vaporization. (6)

00 _?'7' ATR,,CONO41/TONINC., The process of treatin air ,JO A to eontrol
.

simultaneously temperature, humidity, 'cle rIli _r,,s and distribu-
tion.

CL1hlf The ip oper temperature, humidity, and a.r movement
create a feel:big of cOmfort'.

tlhtf'_ Substances centainingmore than one eons ti tUentelement anti
having-prepertioS, on the whole, different these which their
constituents had as elementary substances. less composition of a
given pure compound is perfectly definite, and is always the same,no
matter how that confound may have been formed-. (13)' ,

--:OND.1.1c708 (gLWPW-AL.), A material capable of carrriqg an
.eurrent., oy

1170,1/. The care or pees erviiti n of (fatuhal resources.

/AT,WON nil,
I ',,"11 PINk:la,rY ("LA) The

rd_kinetic.energy of an, ideal energy systeM r

lee 1

To mdnage or use wis d (

err rf the potential
0 ins.constant. (13)

1-)1V 70,V. The trans fer of onerfiy, byi m V . IK1 6se of m er, such
the circulation of a liqui.d ur ga (3):i

i,7T 11ti,i , '.1,7). CTHIC A Mydroeleetri power- plant ,that u 1--
Iizes streaMflow only once a.5,Jhe Oa ter passe -downstreaW as opposed ,
to ,d pumped for plant whiich redrculates all or a portion of the.
streamffow n. r7 production'of-pewer.-. (6)



''cibrititrG _D. The amount of heat gain. per _unit time I tposed on the
cooling (refrigerating or air- conditioning) equipinent. 12)

ti

DING Taia'R. A.device used to cool power plant cdndensor water, befOe
it is returned to lake, river, or ocean. The cooling towor '1,'_',' in-
tonded to prevent therMal- pollution, (6)

,.

, The quantity of ecti'icity equal.. to the charge of 6.25 x 0=
7

onS, A15)

CIW1 Liquid fuel ferried from the fossil s of anirals and plants
t tom

.

Of ien seas; petroleum a it comes =from, the. ground.

lc). The rate of transfer electrlc,i ty., 13,

(9

.11,h11NT. Cutting baCk the use of energy, resources as opposed to con
serving or wisely using energy resources, (4)

DEC /Vow,. Trers,,and shrubbery that lose their lea'ves du ng the al3
season .of each'y6a and regain them ,in the spring.

r NSin. Concentration of matter, meAultlf-by the. mass per volume.

FRRACTION. That phenemendn produced _ spreadihg`of waves are
and past b5tacles which. re coniparon, in size to their waelen
(13)

LT' ' PPWNT
througr a c 1.4c

An ,elet'tric currnt.tht flows in only, one irgc
(6)

1'N/'I cY cONVF,V31(7 The prbces of changing any o-t# er form of onorgy
into electqicity without rnachiner that has moving parts, For example-,.-
a battnry ,cha4f.vs choical, energy into electricity by direct energy
conversion. -(9)_

j
/1::4-7) TWQ pa s a. 1 ss factory -sea led, ogether with

a snail ai pace'baween: hear. 0 uhie glazing has a out twice the
of sl ngle glazing.

( 11W P:hT riHN(2 1L4.TiO). Arvind cation of how -efficiently an
appy_anCeues epergY.'

(

Erp - ``Number of BTU' s Used b the A
179,1Taic-e7s Un

I 01 n

Wattage

ince 1973 !nowt irers in now air,conditioning units have been'
requ i red to 1-at :a. h unit i its [ER. (2)

. 4

C:2-ENCY., 71W ratio Of the u5( Jul ork performed to the arn9unt
ener gy u-sed in tre'pr (15)



ELECTRICAL
t
The energy a9soc afed,witli electric eh

movemens. i4feasured in watt' hours ind kilowatt hours. One watt-hour
equals 860 calories. (6)

'far -PICT,/e-lhe region' in which a- fp ce acts on an el e te charge
brought into the region. I

ges and their

mr, :ELT,. A cell in which ,chemical energy is converted to
energy by'a spontaneous oxidation - reduction'-reaction, (15)

A conducting eleinent in an electric cell, electronic t
sernictInductor device.. (15)

RoLY,r3fs. The conduction of, elect icity.through a solution of an
Rctrolyte or through a fused ionic campoUnd,, together with the

esu chemical-changes.- X15)

e or

. , .

ELEC't tiln. .A.substanc0 whose. *71 on conducts an electric current. (15
?.7,t,(`1110/ttAG/VETiff WAVES. .Transverse'w avilig"an electric component and

magnetic -eoriponent, each being poro ndiculai tb the other and,hoth
p_rpendicular ilto the direction -0f proigatiOn. (15,)

,--,-,,et--. .

;;;CTifoN. The el earon. is e s particle having a unit of negative
electrical 'Charge, a small ':ass, and -a stm4, 31 diameter. Every atom
consl&ts )f. one nucleus an e or more eleCtros.. 13)'

AfENTS.'-vElement substance which cannot bedecomposed by the
ordinary types of cheniVcalch nge, or made by chemical- union. (13)

ENERGY. fly capability. of d k Potential energy. is energy diJe to
position of one body wit r ct to another', or relative parts of the
same body. Kinetic ener y ue to rnotidn. (13)

EZITITY Entropy js h 'teat) factor fel\r- isothermally unavailable.
energy.' Every spontaneo s pro-cess in n turgis.characterized by
an increase in the total entropy of the bodfes concerned in the
process. (13)

VMMEONNT, The sum of all external cond ionstand kit:Nene 5 affect ing
' the life,' development, and Ultimately the survi al of: an_ c rgani sin.

dLiAPORATILW -The ange from, it tquid to gas in h ecul es' escape.
from the/surface of-the 1 quid. (6)

Energy sources used s raw materials in the production of
such products. 1.4ax and-aspha t rather than as fuels for burnin

FIR./.77. LAW ,OF. (Also called Law Consertkz
-Energy ) Energy cap-be neither vcreated nor.dcstroyed.
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N. A nuclear reaction \from which the atom's_ produced are each ap-
oXimately,half the mass of the parent nucleus. '-In other Wards, ther
om.is 4plit 'into two approximately equal masses.' There is also!*

'emissionAf-extremely greatluantities of energy since the 4,40f*
ssep of .the two,nekatoat is less than the maSs of the parent:heayYl

Atom The energy released is expressed by Einstein'sequation, 'v"

E MC2.. (13) .

YWYg*." A-mAhad Of ener6 storage working on the principle of a
spinning.wheel, By It finer

energye, (11)

FOAgINSULA
foam in ul

FOROk"IiiThat whith chah
bif.,the rate of cha

-pm .acceleration a.

FOSSIL FUET,S.''Coal
4glogic deposi
dation for .releas

-

F "ZING PaZNT.

ia, a spinning wheel stores mechanical `.

'Styrofoam.; (2) R id,fgem hoards; or, Liquid

the-state 'pres.t or motio0n.ma_:.er, measured
.momentUMThe.force F required 'to produce

rnas5 i s given -by. B'$ ma. (13)

gaS, and other. fuels originating.from
plant and anlmal life depending on oxi.-

Tim t mperatu

(6),

at which a 7ilii4 change into a.Scilid.

_77"- -

)0Pric.Y. Numbev 'of vibratiods'or cycles per diiit-of time_ 15

FPTCICONALTORCI% Force reguired to ilitIve one surface across another.
,- 4-'

c.,,,.3
, ..,

PURL,. .A substance used to produce heat energy, chemical energy by com46-
tion, or nuclear energy by nuclear fiesion. ,(6) ,

-a,

*Fyn CELL. device in.'which fuel and oxygen are combined to koduce.
chemical' energy that is Convlited _directly into -- 'electricity. (6)

?

4,17D/1/10TOWC). . A-nuclear reaction involving the.combination of Smalle
atomic nuclei br particles into larger -ones. with the release of,energy
frorn'mass transformation.' Th4s:is also called a thermonuclear irkbc; -'

Ilen by reason` of the eXtredely high temperature required to, in Late
it - (13)

f
ON. :1. The change of stite f -om a solid to-a liqu 2;

in which light n6c,1 i combine o form an atom with g eat

. ,

GAMMA ECM (N'OCL AR-X-RAYS).. Emitted-from radioactive subs
quanta Of electromagnetic wave energy similar to, but
energy than, ordinary X-fays'. (13)

'

of matter in. whichieh theGAS. A state molecules arq
.

by cohesive force'5. -A, gas as neither. dfinit
,..-

reaction
ass. 5-

theyare
h higher

tally unvis tricted
volume.



NE. Mixture of hydrocarbons obtained from pe
4tit

GgAIRRATOR. A device.'that :,cpnverts heat or MechaniC
trital energy: (6

gy into ylec-

Ei,'TIL. As appli4d to po r. r aion,,,,the Lile of heat energy, ob!
Mined thrpugh th e -larsaam cQ ing from beneath
he earth's. surface . :7,1 t

GE,TVii'mAI, ENEnCY. The heat en y.av liable in the earth's, subsurface
believed to have been: prddycedl by ;ural, radioactivity. The ther1ial
gractlent of the eartirs crust' is slthat the temperature in a dee
Well 'or Mi ri increases by ,aliaut 1 F for each 100 ft. of depth. (6

RAM

g.L
- .

e . .
A unit of.rnas,in the metric system; 10-3 standard kilogram. (15)

Gi? 'ION. Jhe universal attraction existing between all material
bodies'. (13)

,. r

toVsE PFFECT, .'A method of. uting solar radiation to warm under ated
areas (window. treatments are opened to allow the window" to admit
trap the sun's:heat).

'

,',

.4
,.005,2 NTIVNAL PROD'UC:T (G- P). A.MeUureo economic activity whitt ;,1$ he

total market value-,of'al 1 ,goods And services, produced ,:in , dounery..
,

Depreciation and er
.

allowa%ces for capital consumptioviare-not,.-
4deducted. ', (3)

I e.
i

(iPc-ivt]Pi/iTgii The supply 'eft water under' the, eart s surface` in.an aquifer
.or soi. that forms ,a natural reservoir. (6)

Ae
TER 1.1(4,1'. GroUndwater that discharged in a ,treamvcha

spring r se_ age 'water. (6).

Energy possessed by a S . ,-:-i in ta form of ktnetic, energy ;.
(u.sually meaSiured in talon. in .spak heating, by th9 British
theem41,4nik. Heat' is .tr.n i_Led by con ction, convectjort, or
radiatiufl7 ('6)

.

nflPitaTY. Th0.a1 -quanti f heat required 1p increase tttest _ ature
of a `sy .tem _or\ substance ne degree temprature.- Iti. press in .CAli rin p gee Gels

RT I:, ,I-MT. Energy \that- cflses an i ,rease, i n. Ow t rr rat of .an ob-ject, md change the object f'dm solid to li liquid.
6y

mps.

inner{



ATING LOAD. the amount Or hat loss per unit time imposed on the hea ing
equipment (Btu /11r. /sq. f; lz)

HEAVY HYDROGEN. A kind of hydrogen that has one proton and -one neutron
in the nudleus of each atom and one electron in orbit around the
nucleus. (6)

. .

HERTZ. The MKS unit of frequency, one hz being eq i lent to the
Airession'one .cycle-per second." (15)

/

ULPHUR COAL.- Generally, coal that contains 10 than one percent
of sulphur by weight. '(6)

RORSEPOWAL .A un*t that mallUres. the rate at which.,,, nergy is p,oduced
Or used. A man doing .1144:manual labor produces energy at the rate
of about .08 horsepower

HYDROELRCTRrc. PLANT. An. electric power :plan in hi( he urbine-generaa
tors are drive (lalling water.

HYI ROELECTRICITY. Electricity producti n by water- powe ?d
generator. (6)

RTDROLOGY The scien deal in with the_ prnper

circulation of'w and 's ,
4

'HYDRO Power4oduced "by fa11.i ng water.

bine

7NFILTRATION: The of frOm theexterior
.colder poiiiirs of fh4enviro theintgri use or

warmer areas of the environment., Winter winds blow co or ai

into indoor spaces through cracks' around windows and -doors on the
windward side of the Muse,

I q-ON _PWITV:4, The range of comp eSsi on- wave -,.f low

the ' io'fralge (pelow 20 bqrtl_ 1 )

4- l
AV

INSUTATION. A substance. \ that: ins LJates that Carr: slow w

of heat or sound. (6)

INT -"RloR FINISHING MATERI4LS, Tf q. °,permanent fl ni S /10$ r Turn
as''paintwallcoverings, panelin4_, flowing, tile, acou
and 'carpeting, whi0 are aNied tothe-inSide of a home.

1, \

INTERIVIL ColOBOSTIONENGTNE.: Energy is supplied, by a b rning fuel wit i h.,,,i s,

diPectLyltransf rmed into meknanical energy, by controlled 'coMbu

: .

ION:- An atom r.9,roup of Opts tha i,s not el,ettrica 1 ly. n *but-,

instead-"..c4rriel!.a' 010s. ti Vp or n gatjve electrtt charbe: itive lons
kte'fOrmedrWhen neutral ,gtoms br molecules lose valence): iron !I

-. negative ions are "those which-have gaiyne_ electron (13).
Al

_ ..



ISOTOPE. A variation of, an element h4virrg the same, atomic number as' the
element itself, but having a different atomic eight beause, of a dif-
ferent number of neutrons. Different isotopes of the same element
have different radioactive behavior. (6)

U E. A metric unit of work or eneegy.,' the energy produceit by orce
one newton operating through,a distance of one meter,

gy equal to 4.19,4 103

IcILOVOL 1,000 volts. (6)
/--

KILOWATT (KW).) The unit ofcpower equal
1,341 horsepower. Roughly, the power
the,temperature of a pound (pint) of

XILOWATTHOUR (RM. The amount! of wort
steady dbnsumPti ki 1 Owatt o
equivalent to 3.4V Btu's. (6'

jouleso (15)

,000 watts, 3.413 Btu's,
f one la is cpable of raisin,
er 104t16 one second. (6).

energy !delivered during .t
power for-a period ,pf one

g

Ra ant energy which ,an observe ee. (15')
9

QUIFIED NATU4AL GAS (LNG). Natural gas that has been changed into a
:liquid by tooling4t'o about -2600F:'(-160°C) at whiCh point it occup
.aboUt 1/600 of its gaseous volume4t normal _atmospheric pressure;
.thus, the cost,-of shipping and storage is .reduced. (6)

1

QUID. A stdte of matter in which the moleCules are relatively .free to
change their positions with e to each other but restricted by
cohesive forces so, as to 'mai relatively fixed volume. (13)

. :

E INSULATION. 1.r-piec insulation which are blown place.

SUTIUR COAL A hq- .Genf rally., coal or oil that contains one
percent or less e. sulphur

GMA. 'Molten rock w thin the earth's interior (

by weight. "(6

MAGNETIC PIE D. A region in whieh) can be de ed. -(15)

-MSS. A measure of the weight of -matter. in an.bbject. The 0 ht of an
i object depends On its mass. .The United States-Istandard pass is the

avoirdupois,,pound as defineeby.1/220462 kil gram. ,(7,\ iMATTER, l'Anyt ing' which is solid, liquid., or,ga,s (15)

CHANICAL ENERGY, The kind of :energy that is released to ma ob
move. (6)

Any, n which waves tray



METHANE, 'Colorless nonpoisonous, and flammabl iasepus hydrocarb
emitted by mar,,iies aj1 ;b$1 dumps undergoing aecomposition.- (6).

MoBILE HOME EX..rep. A' foundation piece added to enclose. the area ,uncle
= mqi le 'home.

=

i ,
'CVLE . .The,smallest unit quantity of matterwhich( can -exis by
and detain all the properties of the original substance. 13)

r ' \ '
MOMENTUM. ' Quant4yoffilotien measured by the produce of mass and eel

(13)-

MOTION, Coritiribous cyange of .location4ar4position of a body. (45)

NATNEALTAEi aturallY-oe'Curring, mixture's ofi hydrocarbon gases and
occUT,r,in naturally in 'certain, geologic formations; oually[found
associated with op. (6) et.

w ,

city.

10- .

NE Nay.. ',.../.1,figUtral_eTemeritary b4rtiCre Of. mass ntAtier 1.- I
to. be,.a tttuent.particie of-all nuclei of mass -numbe

,(1-3 )j { di` n, e

VEfreiviv. fife orcewneces;sary to giy
f one kilogram `of mass . (13).

s. bel ievect
reater than

acceleration Of one meter-Ter second
,

ONEENEwAFLE EESOuRcEs. pepletallle eqergy resources such as the fossil
-foels1.-coal, gas! anck oil., (5) .

NOCLEAE,)EDECPRZ-C. POWER PLANT. One in,which heat for raising steam is \\\
proVided.by .f -s-ion,,rather than 'combustion f f Ssil fuel. (6)

.4

NUCLEAR (ATomi-c) .F Et. iiateriai cent ifrrng fi ionab _ uranium of such
compositibn and enrichment iit, hen pla ed in 'a nuclear reactor,11

will support a self-sustai ing fission chain. reaction d prOduce
'heat in a controlled Mannerkfoac process use. '(6)

N CLEAR powER. Electric po produced,from a power plant by converting
a the energy obtained from ),:ltuclear- reaction. (6)

NUCLEAR W R FLAN I Any d vice machine_,, or asset
'"' 'put at' energy Onto so form. Of useful-4,

or'electrical p'i rt In a ntklear electric.
by a rea for is g nerally used too make stea

Ain turn, drives a electric-zgerratoY-. (6
0 \

lyucLEAR;) REACTIVN.- reactAlion involving a changein an afomic nucleus,'such
% as/fission an, neutron captedt--.04: radioactiv6 decay, as di,s' finct

a cheM readion, which is imited to changesin ele4tron
tune surroUnclihg,the nuol§:us. ... . ,,. . .. .

bly thaFconverts
uch s mechanical

wer pent,. heat produced
o, drive a trine that.,



The dense central carp f the atom i Aich most o
all.of the positive charge s.concentrated. (13)

0 MIX. Eneinv supplied during periods of relatiAly low system demands.
(6)

OIL SHALE. Sedimentary roCk'Conlaining solfd organic matter (kerogen)
that yields substantial aMounts of oil when heated to high tempera-
tures. (6)

©IL SPILL. The accidental discharge o it into oceans, bays or inland
waterways. Methods of oil spill control include chemical' dispersion,
combustion, mechanical containment, and absorption. (6)

OPEC (6rOgnization of Petroteum Exporting Countries). An organization
of countries in the Middle East, North Africa, and South AMerica
which aims "bt, developingleommon Oil-marketing policjes. 13)

OPTICAL SPECTRUM. Oclfides those radiations, coMmonly calle light, tha
can be detected Visually. They range from 7600A to 4000A and are a
type of el tromagnetic radiation. (15)

ORIENTATION. Position with relation to the-compass.

OXIDATION. , A chemiCol reaction In which oxygen unites or -combi.pe ;With
other Rlemen anic_ matter is oxidized by the action 6a

=

bacteria; o s used in waste water treatment toy break,
organic was

PEAKING. power plant Oration to meet the highest Portio
load. (6y

PEEING
*-

.

AMING CAPABILITY. le_maximOm peak load,that can be sUppli by a
generating unit, s ation, or system'in -stated period' of tine. For
TMa hAroprojectithe,peaking.capabilii would be equal to th maximum
plant .capabi-qt only under favorabl pool.'and fle ' conditi.ns, Often
the peaking capability may be le ue to reservoirdrawd ,or tail-'
,water encroachment,1 (6)''

f r\

cle of a wave. (15)'

41, PNOTOSYNTHESIS._. The process by'Whith some plants make
onlight'energY'( Ibp,food'isa sugar. Called gl

also produced 41,10pgPhatoSlOtheSis); thei.Or_
falling on green plants eause5:tarbon'dioxide and,
into more complex-organic materials such as

Ood with:thefreqp

94966;q4,.w,4,7
Ohl.Ch

b,be.contrted
.

TONIZIL A fiS le e 1 e

by U239.
artif p

i



TENTrAh'(EhEOTRIO Difference .of potential between'two points is
measured by the work necessary to carry unit positive charge om
one to the other.. (13)

'R. The time rate at.which work is done. If an amount of work W is
`,One in time t the power'or rate of doing work i P /t. Power will
be obtained in watts if W is expressed in joules and in seconds. (T3

The force applied to a unit arca. (15)

0
elementary particle having a positive charge equivalent to

'iegative charge of the dlectron but possessing mass approxi-
mately 1,837 times as great. The-proton is in effe t, the positiv
nucleus of the hylfrogen atom. (13)

ED HYDROELECTRIC ST04ACE. The only means now avail for the large=
scale storage of'erectrica/ energy. Excess electric produced
during periods of low demand is useOto pump water up. to a reservoir.
When demand is high, the water is released to operate a hydroelectric
generator. Pumped energy storage only returps, about 66 percent of
the electrical energY'put intoit but costscless than an equivalent
generating capacity. (6)

JD r- PL A hydra electric power pla4WhichAeneratds electric
energy for peak oad use utilizing water pumped into ah'elevated
storage reservoir during. f -peak periods.

l'-:-VALUE. Thermal resistance; 'computed by the conductivity divid-d nto.,

The measure of resiStande.to a 'flow. (1, 2)

hAVIATON.. The emission' -and Oropagati
a medium in the ,form of waves. (1

REC

energy through

ANTION. Act or process Of reclai ing; for example, strip -mined land
should be ct-imed--rev)anted_and leveled. (l4
a

q=f0N Thp turniAg baci of a wave froM.-the boundary of a mediUm. (15)

See, sot

RENENABL Nendepletable resources, for
.. ,

Rgc The am nt of a.natUral resource nown,

e ilgecoVeredAy present-day u,,,aes.
i

t4UP pond, lake
stir , re % 1

ple, the sun.

iest_and expected to

fit

manmade--Osed for thetank,.'br basin--n u al or
control of water.-

d t, 1 qUantity,Of a.natu61
uhdisUVered-mi6er

'-urde such as



SECOND LAW OF T
convers
s tatet 4f3 Ver
'evitable Assig
any energy cony

plANkS. One o
igy. Referred
equivalent foi

Of some energy
ton. (3)

e two limit",laws which govern the
ere as the "heat tax," It can be
11 of which. describe the in-

useful to a less useful form

SHELL. The roofr Cover of a home) Ghe .foundation or part. that Sits on
the ground, -and the sides which Jell the tw

LE MACHINE. A Contrivance for the 'V ansfer of ene
increased convenience in the per ferwance of ork,

0

SOLAR CELL. J1 photovoltaic cell. which eonverts-radian eneroy from the sun
into electrical energy. (6)

y and

13)

R ENERGY. Radiationenergy from
surface. (6)

sun falling up n the earth'

V. A state of matter in,which the 'relative motion ef.the.molecules
is restricted and. they tend ,to retain.a definite fixed d-positfon rela-
tive to each other, giving,rise to Crystal structure. A solid may be
said to hue a definite-shape and volume. (13).

SOLID WASTE. Useless
't liquid Ontent to

)

SONIC SPEC RUM. Thy
frequencies 1

quencies.

SOUND -ENERGY. tk

and forth, so

SPECIFIC HEAT.

SPEED. ime rate o
ti (13)

S1`A1 ELECTRICITY.

ntect, ,or discarded material
e flowing. (6)

of spun range Which. ncludes a dio ran
n6e les and't frasonic ange fre-

A
$

#1thv insufficient

Then

rgY carried by molecules that vOra e back
yes are formed., (6)

capacity of a Material per unit mass (15)

r~`meas.u4d'by the. distance Moved over in uni

icitY at

STEAM-ELECTRIC MINT. A' plant in which the
,nected to the gen rattirs'are driven by s

STOCKPILE. A storage
or )(ample, coal

ime movers turbines

fn. (6)

pile Or resepeYsupply of an;essential-Taw-material;
is stiockpiled in the open air for storage purposes.

_jTo*RAGEekL.'
renewed by

44

chemical cell
a reverse cu

which the reacting materials are
t. frowan external sources (15

STOREDpERGY.- See. Eherey l'potentY4).



ORM DOOR.
'door.

AdditlOnal_door 'air space between it and the xisting

STORM. WINDOW. Additional window h an air space n
&

e be wee
existing window. _Storm wind will, 'cut in half the hea
through windows in your house.

STRIP-MINING. A process in which rock and. topsoil strata overlying ore
or fuel deposits are scraped away by mechanical shovels: Also known
as surface mining., r(6)

.SUBLIMTNATION. The change of phase froin: a_soltd directly to a vapor or
gas. (15)

4
and the
that pass

SUPERFLYWHEEL. A flywheel of.theluture that ill be const cted 'of
materials which have special properties along cach axis. See alSb
flywheel.

,SUPERTANKERS. Extremely.large 041 tankers that c
million barrels 170 million gallons if 01
will require dee water ports.

TECHNOLOGL APplied ciepee.

L-7M WATURE. The conditiOn of.a
to or from..0therbOdtes'k- partt

:averae traris4attepal-JOnettc::
due to heat agitafien..,

1The greatestiongi
without tea- gapart. (14)

hold up to four
The largIst ones

ch-deterthines,'the tran5fer-of,heal

festation of Aihe
s of a. subs a

WENSIM,STRENGTR s-a subst nc

TARMAL EPPIC'IQC.Y. The ratio of the
plant. to the amount of heat produc

/ efficiencyewith which the plant,:doh
1

ENERZ The dotal potentia
m moti the particlei

.0Ctrjc p-

th

is

r prodirced'by a power
1; a measure of

to electrical 'energy.
u I,

nergy atsoci ted withqhe
(15

an
pf material

ThERMO PANT._ rating plant whic
orgy: Such.pl n s may !burn' caa.l ,

o produce thermal nergy: (6)

POLLUTION. Degradation ofwater q
heated'effludnt. PriMarily.a!reult of
from industrial processes, 'particularly
tion. (6) . ,

,,energy to electrical
use nuclear energy

by he

hd disci
introduction bfa
e of,cooling waters
cal power genera-

TR RMODYNAMTOS. The,science anctstudy :he

and niecl1anical work. :(4 )

1 tionship.between heat



3

Tr .Amachine ffe

'tiatingg current. (6)

T 10 t, The act or ftec 5s of t
from urce or sources 0 VlY

-Power iG

TuRBINY
tualrt

wheel

sir de cease the voy age of an

pert frig. el ectric- energy' in b lk

other utility systems, (6)

Wires' or':ea.bires throU9h which high voltage elec
over from pOint" to point. (6)

A it tor, the shaft of Which is i-otat d by a s

fluid frorva noizle 'and forced again
19

Yh an
the audio ron e bove

' TRAIN. An ore shuttle that carrI
plant. (10)

, xi(
ions. (1

V4P0 The words z ov and gat tare o
frequently used for a splAta

ga OU5 phase, generally exi is as
tore, cr is more "frequent
eai is is in',the gaseous.. phase

am of water,
the blades of

d compression waves at freguncie
ertz). (1.)

coal no p fr Amine to pow

vihtioh are gained, lost, or shared

ed iritercharogeably v. Vapor nis

owihi0- hough present loathe
liqvid at room tempera-

tar - a s4bstance:that generally'.
n 0,(43.utse,. (T3)

iriAerapil, The( tinge of a substaoe m a lieuid,or solid state.to.
the gaseOus state. One of three contribqiflg factory to air pollution;
the others are,attitien and, comb4stioh. %(6)

in a fixed direction. (1k:V/7. Time. rate of motion

VOU- Thq unit. of eleCtroM. v

0 regWired to make a c,urreh-

The am milt of force urr1p1oyed
mepsured i in ts.

ATER Water ir,i-. the 0 of 0,,

It 'the dif erence in p tenti'al
h 0 res-istance (13)

quantity

WATT W), A unit of measU r elee
one uTe of energy per sc an Thy watt i
often associated with eleareitY ,horsey
coined by multiplying reg '1'd volts by required
(volts x amps n watts).. r,

t6 S,

he unit of power -mos&
746 watts,)

amperes

S.



PAVA' MOTTO. -A, progressive rii t ce pi'op gated Inn Neefum by the per
iodic mibration of the ticle i of the medium, trahsVe`rse wave motto
is that in which the 'vi, I f the particles is, perpendicular to th
direction -gf,,p'topagatidn, , agitudinal wave motion l's that in which
the vitiratiOrr,tnf-the particie is parallel to the direction of propa-
gation, (l3

.WATIMpitREPPiNd. Reduces the rt at 1 4.MAking sure
that all doors, and whitlows fit the $' nu

HT. The measure dfi the gravitational force acting cat o substance. 5

NI1c7W MVATMENTs. Applications the rnteriD side doV6-- (blind
shades shutters, draberJel)

WOI ?K. A force act against t e to produce irrto00 .body;
measured by th woduct of the force actirtg and the cl1Nt4r) e moved
through against the resista '(i3)

-RAY. %. A tYPo of rodiativ higher frequ nay than ihl light but
lower than gannia'rays. U ual ly produced by high e elec
impingiq4,upanvetal tar t.

tnros
N

YcNg CONTROL. Indeuenden ,riatore con e Ar 0 be .hewed
and cooled with abbrobr distribution:cqntrbl,

r.
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pamphFet; free from address above]

"Thormal I nsul a ti on ," Ncw York : The Mons into Company, lq
pamphlet; free (Carpet Department, 350 fi f th Avenue,

Tomhari, Martin. "Origin and i 4es of Energy,"
Phoenix. Ari"zona: Arizona )q),. thh1ent of Edrication,

[55 pp. ; paper cover]

'llary 19

Truitt. Willis H. , and -T. W. Graham Solomons
Boston, Massachusetts: Houghton Mi ffl in Company, 1974:

[paper cover; -D]

*1,5, Department of Agriculture. "An Economical and Efficient He
System for Horne;'." Washington, D.C.: Government Printing Of
September 1967. [26 pp.; pamphlet; S. 0-502-627)]

ing

ce,

Departri,nt of Conrerce. "11 Way's to Reduce Energy Lein sumption
1 Increase Comfhrt_ in Hilo sohold Cooling." Washinqt_ 1 , D.C.:

vernment Printing f ice, 19/1. [20 pp.; pamphlet; $.40
/N 030-- 7 )1

*U. S. Dooar tint a of Connorce Energy Savin Ti ps f ruin NW,

Ptiptilo, Colorado: Pub 1 IL Poc omen t r Ito I, n Center', (n.(I I

[4 pp.; flyer; free ( Cons. mei. n t (wino t ;II Government
Prinking Offic..., S/N 871-EA ?).1

'"ti,S. Deportment of , "1 W,lys to IZocloco fuel Imomot I n in
lloiewho 1 d Ilea t, in Through 1 no 'gy t inn. Wash i on , 1

Government Printii Office, I' pp. ; pamphlet ; $.1!,

Vragol., Kurt. " "fling tti Save. Iarergv o Your Home. Deny r: tort

VI-age] Ass( ia t , Inc., pp. paper over 'id .00;

1401 L. Gi :)61 In ilewood, i fornia t, 10) ]
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"Watts Going On Where You Live?" Louisville, Ken
Electric Company,- [n.d.] [16 pp.; pamphlet;
Business Group, Lousiville 40225)]

yeast, Robert C. (ed.). :1:.,:: ?Li ..... 54th
ed.. Cleveland. O hubher omhio: The Chemical ubb Cpany. 1'973
for this in the refer nce sectfon ( ryyour libra.]

[Look

Wert, Jonathan M. Energy: SelectedR_esourc_e__Mat_erials for Develpyinq
Erfergy Edficatfon/ConsefwAtdopProgr(ims. Washington. D_C.: The
Nati-c-la-1 Wildlife Federation, 1976. 22 pp.; pamphlet; single

. copy free, additional copies 10c each (1412 16th Street, N.W.
Washington, D.C. 20036)]
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"You've Worked Hard to Buy A HO U50." Knoxville Tennessee: Kntxville
Uti Board, 1975. [16 Pp.; pum filet free (P.O. Box 1951
Knoxville, Tennessee A7901 Attention: Os. Becky Davi-
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