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OBJECTIVE: TO ACQUAINT THE HOME ECONOMICS TEACHER
WITH THE PURPOSE AND INTENDED USE OF
CTHE GUIDE, '

tude ot wources which are not readily avad l\\‘Mp ta home coonostior, feachers,

ENCRGY--50 basic to all existerce that we have come to take 1t for
granted. Only recently have we bequn to realise the cconomic, social,
and enwironmental drplications of energy resources and usage. The prire
motivating force a~ong citizens tor the condervation of ennray over sipce
the ail embarqgo. in the winter of 1973 has been "t save waney ™) Untortu-

nately, fow people are aware of the underlying need tor -

Aonnerving cnergy resoyroes aques far bevond the dedfere to see

-

v e
HERERNS A

our utility bille go down. Tt means providing future energy needs for our
children's society wo that they will be able to enjoy o comtortable Tife-
style just as we have. It is time, then, for us o make the transition
from economic expedients to intel Tigent energy ethics,  Luch o change i
not possible without ¢hanges in attitudes, deciston=making methods, and
Titestyles,  Such a change oo povsible through connervation without cur-
tatlment . . . S cre o ol The material presented an thin auide will
help educators and their tudents understamd the probless, options, and
costs involved in such decaatons Lo that they can tabe aphropriate actions

[

in using energy.

Thiv quide wan destaned tor Hope boonamios teachers as g nouro e of intor
mation, inctructional materials and suggested references about the energy
situntion as o whole, cnergy concepts and the gse of energy in the hose,
The Guide provides o symthes s ot carvent energy anformation tron g Fult-
in an eftort to better prepare the teacher to instruct student s fally
about their role in conterving enerqgy.

~The quide g combination ot (L) a comprehennive overview ot thy
chergy situation and feportant background material on energy Concept
and terminology; and () o complete quide to the energy e and pract tees
in the home, with cmphasis on measures which could he taken to conserve

enerqgy.  The quide i fntended tor uae by feasers as g reterence tool and
teaching aid as well as by students who movght e Ptoan selt-instructional

XV
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THE AMERICAN PERSPFCTIVF

ARUCTTVE D T PROVIDE THE HOME ECONOMICS TEACHER WITH INFOR-
COMATION N THE HISTORICAL US’,AHD,%?VE[UPH{HT OF
AMERTCAN ENERGY REGOURC (ﬁg(ﬂ)—lt5f3) AND TO PRO-
VDL THE TEACHEHR WITH INFORMATION ON PRESENT AND
' ED PATTERNS NERGY consumpTION (19/75-1990)

7 { CTOAL CTOVE
\
T s SREE Posnaray ih tor ot of the nineleenth
v Pee oy - . AR wain arportant o boath hore

v PR i e I s thee prane dpal tued
| = et et ota byt gt} atagt 1870, and was used in the X
C o e he bt bt the tren producers an 1800 The abun-
Gy e o st e the et halt o of the ningteenth contury renul ted
P aEedt eal ot e Vot gt it wan consumead in o open fireplaces
Cather tian ot fhe e et et brankTin stove (Anomuch as HO per-
ce ot tha b nyt o fgeedd by barning wood in oldestyle tireplaces goes
G thie o hinry o tneloa ety et bt oway tooane fuel!)  There are no
Sy st ey taer ot e terwhes boamd windini T fhat e i L ted
I St Aerror rp thee 0t gt hothowere caand ticant o somrees

et Dot gt it e e

o v Dot ana ]l we thi Tator Source ot oenerygy tor the U5,
Tt e et na o the nineleent o contary amt, an absolute
Sooa0 ot s et rned o s perae gt il HORER e following table compares
TR R A ot e be wetd output oan teree ol Billron horee

e
dork Uutput (bl Tron horsepowey Imm".)
frons Froo AL Inanbmite
te oy Andma e Fnepagy IRITTRIES
' L

- b
t Hod

b qa “;,(v

111 e 0

1441 ol

lh Y Loob

I 13208
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One horsepower is defined as the work performed or energy consumed
by working at the rate of one’ hDFaPpDWFF for one hour; it is equal to
1,980,000 foot-pounds {one fobt-pound is equal to the work done’ in raising
.one pound a?birdupnlf aqainst the force of gravity the height of one fDDt)
and is approximately” equal to the output of a motor consuming 750 watts of
power for gne hour, : '

Although coal was used by the Hopi Indians in Arizona as early as |
1000 A,D., American Colonialists did not mine it.because wood was 50
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 wood could be replaced by half a ton of coal
at half the cost. As wood became scarce and more expensive, and with
techniques tor burning coal resulting in greater efficiency (such as
coal-fired steam qsnoratorr)‘ the use of coal incweased. By 1895 half
of America's enerqgy came from wood, and half from coal.

By the middle of the nineteehth- century, efficient and cheap lubricants
and i lluminants were needed to fép]ace scarce and expensive whale o0ils.
The Pennsylvania Rock 01l Company struck oil in 1859, During that year,
4,215,000 barrels of 0il {the vqu1va1tnt in energy content to nearly a
million tons of coal) were produced in the U.S. Only 30 years later
furl 011 accounted for 35 percent of total petroleum sales. During the
nineteenth century, pvtv?1£um production increased at a faster rate than
domestic consumption,

Natural qas has not always been d valuable energy source. During the
first halt of-the nineteenth century it was considered a .nuisance when-
ever it was encountéred in water and salt wells,  Gas was often found
during searches for petroleuin, but <t was still considered a waste pro-
duct and was burned of f at the well; wood and coal provided necessary
heating, and kerosene was used tor lighting. There were, however,
exceptions to the qeneral attitude-toward natural gas. Fredonia, New
York, was using natural qgas as fuel. for Vights in 1821, and by the late
1860"s 1t was used on a =mall scale for making firebricks and as a
source of tampblack for printers' ink.  furthermore, isolated experi-
ments were being made on natural gas by droentand steel works near Pitts-
burch to determine whether or not qgas could be used for space heating
and ateam generation,

In HE78, 0 Jarge das well was discovered near Murrysville, Pennsylvania,
and in 1843 a pipeline running from this well to Pittuburgh was opened,
In the ecarly 1880's serious searches for natural gas were conducted in
Ohio, and in 1881 the searches resulted in the discovery of large gas
reservoire which were subsequently tapped in order to supply local indus-
trial plants with cheap fuel. -But natural gas still could not be used
extensively because an adequate way to transport it had not been developed.,

With the now enerqy sources came many new technologies.  The electric
Tight was invented in (879, but more important was the world's fivst
celectrical power generating and distribution system built in 882 by
Thomas Ldison in New York. Less than a month later, the first hydroelectric

A o |
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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 accounted 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 consumptioh in 1850
and 1900: : .

_Energy Resource’ T T80 1900 _
Coal 9.3% 71.4% \
0il --- ‘ 2.4
Natural Gas TR 2.6
Hydropower --- . 2.6
Fuel Wood' 90.7 21.0
CSource: Clavk, p. 36 LT ‘“:Aéi?ff;::§;k::1€:fg?5

Energy Besowrecs Prom 1900 to World War IT*

From 1900 to World War II, wood comprised only a small fraction of the
total enerqgy pool, but the amount of wood used was still substantial and
surpassed hydropower 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
accaunted 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 1. ' 1

A dramatic shift also had occurred in the use of coal in the early
twentieth centyry. Between 1885 and World War 1 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). N

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 1900 Tevel. After
World War I1, 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 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 IT industrial consumption surpassed residential and commercial
cénsumption. In 1955, the consumption of all liquid and gaseous fuels
began to exceed domestic output. By 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’
chain reaction was demonstrated at the University of Chicago by Enrico

- Fermi and his associates. Less than 10 years later, electricity was

produced from atomic energy. Today, approximately two percent of this
nation's energy needs (almost 10*percent of our electricity) are pro-
vided by nuclear power. - :

‘ 2
Energy Regources from World flar II untzl-1974

By the end of World War Il, 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 production of ferrous metals and in the generation of elec-
tricity. Since 1960, the use of oil and natural gas has continued to
grow. The following table .shows the status of U.S. energy resources
in 1974:

R XN T Tizmz o= = osesiEomogon.E = Sm=cEe Tz N

_Energy Source """ """Percent of Energy

Petroleum . E 46%
Natural Gas - 30
Coal . 18
Nuclear 2
Hydro 4

£ B T W e s=mEvETESE

ESTR S s MO S S

Source: National Fnergy Outlook, 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
wds importing 15 percent of its total enerqy fuels and 35 percent of
its oil.

The Amertean Energy Cristis of 1973-1974: Background and Swmmary

Around 1954,, the major American petroleum companies began to see their
tprofits on cruke production as well as their share of the internationa?l
crude o1l markelt start to decline. In 1960, the Organization of Petro-
Teum Exporting Gountries (OPEC) was formed. Initial membership consisted
of five leading betroTeum producers: Iraq, Iran, Kuwait, Saudi Arabia,
and Venezuela. Their goals were to gain full control over the develop-
ment of their qil 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 1973, 13 states in the Arab Middle East, Africa, Asia,
and South America were members of OPEC and accounted for 86 percent of the

18 | ;



world's 0i1 trade. During this pe#iod, a series of participatory
agreements were negotiated by OPEC countries with companies operating

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

Israeli war broke out on October 6, 1973.. Eleven days later, a con-
ference of Arab oil ministers in Kuwait decided 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 0il embargo when he learned that the u.s.
government planned to send $2.5 billion in arms aid tc Israel. A complete
embargo was declared against the U.S. and the Netherlands; "fpfentiy
states" were exempted. Two months later, the OPEC governments were .
posting prices of $11.65/barrel for crude oil--almost four times the pos ted
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 Fenergyrcriﬁis"
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 cause
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.5. citizens con-
sume seven times the energy of other world citizens. Clearly, energy use
is an important part of every segment of the U. 5. economy. This country's
energy supply is based largely upon dwindling- fossit fuels--petroleum, |
natural gas, and coal. Alternate energy sources must be found. It is

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

b
Wy

Pattems of Conswnmtion: Trends for Sectora

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-the manufacturer to the shop-
keeper (transportation sector); and engrgy 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.

19
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Industrial. 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: '

= EL e

S e e B I N .
P o o e e . e Y o e o e e e S e

Industrial End Use  Percent of National Total

T

Process steam ’ 1
, Electric drive

Electrolytic processes
- Direct heat

Feedstock

Other
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:

Total 41.2%
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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, 1ighting, 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 dsphalt, steel, and wax.) The major
industrial groups are: food-processing; papery chemicals; petroleum
refining; stone/clay/glass products; and primary metals (steel and
aluminum).

Transportation. Transportation--moving people and goods across the
country--is the second largest sector, and in 1968 used energy in two
basic ways: (1) 24.9 percent as fuel for burning; and (2) 0.3 percent
as raw materiald, Consumption can be broken down in the following
manner:
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Transportation Mode Ener'gy” Consumpt ion

Automobiles 55.0%
Trucks . 20,
Buses 1.
Other (including motorcycles)

oo o
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TOTAL HIGHWAY TRANSPORTATION

Airplanes
Railroads (freight)
Railroads (passenger)
Shipping (inland and coastal
&, ' barges and ships)
Fuel pipelings v . b
~ TOTAL TRANSPORTATION % 100.
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_Source: Fwploving Euevgy cholec, po A
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011 accounts essentially for all energy consumed in the transportation
sector. By contrast, gas is the predominant fuel in the industrial
sector. . x

While transportatipn 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 required.not only to fuel transport machines but to build and
maintain them. Thug 40 percent of totel 1,0, eneran conawemtlon feogas
aoctated with tramsportatien. Half the 4D percent is used in automobile-
related activities; the other half is used for plan€s, 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 oi) shor tage
and why much attention is given to improved enerqy efficiency by the ‘

-automobile industry. - :

Feaddentizl. The residential sector is the third largest consumor
of energy, and in 1968 used enerqy in the following ways:

ential End Use """ Percent of National Total
Space heating 11.0:
Water heating 2.9
Cooking 1.1
Clothes drying 0.3 g
Refrigeration i 1.1 '
Air conditioning 0.7
Other : P
Total ‘ 19,22

Source: Zrploring Mergy Cheloes, pood,

Over half of the energy used in private residences is for Space heating
and, although residential air conditioning accounts for only 0.7 percent
of total energy consumption, it #s the most rapidly qrowing itenl in the
resfdential usage list. In hot whather, afr conditioners often tax
electrical generating facilities so much that utility companies myst
reduce the line voltage by up to five percent, causing & brownout; that
1s, the load on generating facilities may become So great that the
amount of power delivered to each consumer must be reduced. A total
power failure (blackout), can be caused by overloaded utility equiptent,
storm damage, or equipment failure. '

Approximately 25 percent of residential cnergy consumption {s in the
form of electricity; with half produced by coal-tired <team plants,
Natural gas accounts for about 40 percent of all resident ial PReYgy.,
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reqidential/cormercial, and nonenerqgy. (Note that the residential and
cormerc ial aectors are combinad and that a new sector 45 mentioned:

~ Tnonsneray. q§tua11y. the. nonenerqgy sector wad included before 1n
the inpdustrialyand commercial sectors under the title “foedstock.
Favnn v d\f?ﬁrvﬁ(ﬁ in format does not conflict with the data p?e%ented
nrevicysly. )

e pl peer e teenese D o Bxen predicted that industrial enerqgy
demand growth rate will decline sharply through 1980, efficiency in
lﬂﬂﬂfuya.,i wf]1,yip\ﬁ1y increass, and economic uvﬁwth will be slower

X fﬂn 280 fo 1990, the demand growth rate will increase, the ate of

giﬁplnvvﬁﬁﬂt will slow, and economic growth will continue.

L1976, FLA reported that industrial eneray consumption in

b percent less than the 1974 consumption level and 10.9
S%han the 1973 devel. Furthermore, the 1975.1evel was 16.8
Lahan the projected level for 1975, based on 1964-1973 data.

1 :Z? é.\ 'a‘:l'l‘ 3 e
sepreent ]
peraent |

Int industrial enerqy consumption decrease in 1975 was pr1mar11y the
rocult af economic downturn factors: industrial production from January to
Gotabor, 1975, was 18,3 percent below the orbjected trend for that year.
However, during the same time period, enerygy inputs per unit of fndustrial -
outout were 1.0 percent more than the projected trend for that yearg in
other words, the decrease ingenerdy consurgtion for 1975 did not reflect
an increased enerqy of ficiency.  This apparent Jooe of efficiency
provbly was due 1o Tosses that eccur when industry's production rate )
14 considerably below optimum.ratps,  However, those enerqy intensive
comnnied which wore visited and nd d by staff members of FEA's Office
O Tnergy Cohservation “howed mdrlvd 1mpvuvvmznt Tnoeneiy tff\(\PﬂCy
PU iy Clear that energy, of ficiencies can be rproved, In fact, despite
!11|Hq real) encrqy prices, \ndu.frjul enpTdy uie per unit output
el wteadily in the Fifties and Sixties atfyn ratd of over one percent
eroyear.  With steadily increasing p|1<w-, the rate of improved efti--
fency Jhould be dt least mapntatned, if nnf increased significantly.

11
t.
{
i
(

faonts forecast for the indygstre mi qcector was supported by FEA
Aatiatice.  In the tutyre, higher encray prices, Smang other eCONOM ¢
fag tors, ot litely will continue to oclur Highepr energy prices will
law energy Growth, but not pecessar Hy cranomic iﬁnwth

& - -

. YRR A PURE T T A w‘:.’”::si-;, fwson forecasted that the annta
Ty conn mplion in the tranwportation sector would drop signi ficantly
helow the hintoric vate.  FEA statistics indicated that the 1974 transpor-
tation energy consumption was only 007 percent higher than thie 1974 level
and 14 percent below the 1971 Tevel. On the bawie ot the small 14874

P reane, L appears that the U5, was recovering fram the 19/73-1974
ynternational ofl crivis, with the transpor tation cherqgy consumplion
demand rate sdowly Increasing. " Keep in mind, however, that the 1974
transportation energy consuigption leve 1 wan P21 pereent below the pro-
sected trend tor that vear, Reoall that the projected FIA treond was

O é" 2 £ "
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based on 1964- 197§ s tatist ics and that gasolime consurmpt lom par capita,
tl;_;ﬁ\h 1.0 pereeh t highar than the 1974 1evel , was 0,5 parcent below
thiggrojected trend, for 1975, The FEA statistics rovenled that higher
‘gaso e prices (2.8 percent above the 1974 leve) and greater autombil e
érficlency hel;}gd reduce transportation energy cons umtation, ’

o ) o ST : i
Ac::or‘dlnr( to FEA statistics, the combipa%ior 0% a nesw conserva Lion

awareness (a by«product of the 1973197 interiational od] <rists) and
_hither wergy prices reduced the transportatien ene rgy cons unpti o
~§ demand rate, Furthermore, the present growth. rate Is signi fican tly 1ess

than the growth rate projected by FEA basedd on 1960 -1%73 data and row
requlations wi7l insure that autos become more e Ffi<ient {n the years to'
c{}ﬁ]eﬁ . '

earing in mind thatidomestic ol | supplies are dwind ling And that o7 )
import prices cin be expected to increase toasmuchas 16 /barral by
1985 if domestic alternatives are not developed, there i 1ittle reascn
to doubt Exxan’s prediction that demand growth rate in the 4ranspor tat lon
sector wi11 Adrop slgnificantly below the historic rate. In fact. §tnay
not arowat all, _

F

heat Apyz i1l Crmmerssfal Paor-y camnzi=pt oo, Ex xom progoec#ed tiat the
grawth rate in the restdent fal fcommerc 4ol s ectar would decl<ne after 1976,
that energy Hemands would ba mot primartly by s ard electric ity .and
heating of 1 consumption would increase only mocler ately . According 1o
FEA data, 1975 énergy consumption in bufldings (rosidenti al and comemor cfe]) |
thaugh 2,2 percent above the 1974 ayerage Tave 1, wae the same as the 1972
lewel ; and the 1975 bulldin: energy consump tloriwas 9, 7 percent belov the
PFGJECtéd trend for that years in other wor-s, the crowth rate decl Ane-l
hasied orvthe 1944-1973 data .

The FEA data also showed =hat: (1) 1975 alectrical enery u=age by
thex commereia 1/ res ldential —ector rose abover the 1971 @and 1914 leve: s
incd (2) elextrical usage decreased 10,5 perroaant. freon the swe jocte-d 2resi
fn the commerclal sec torzand 11,2 perce-nt pem ?'"sﬁu"“'.{'hM [e 1074 Laer
Gaphta eergy ugsagae in Ahe resident lni!cnmv@y(: val sedley v 66 percent
beYow the 1973 average leve T, 3.6 percent Gelow - thn 1970 Tevel . and 174
per=cent beTow the arojected trend for 19790 A< i the browe porta thon
inc industrial sec g, reduction T the ra=e ¢ one gy Ccons umply an was . .
par-tly the resust of consersatyon mreasires and partly the rosuit o
ecenomfc factor-.: 1975 hou-.cho 1d energy prooes were JE 7 pereent Al ave
the 1973 Tevel ond 5.6 percent above the 1974 Tevel, Tt seems 1ikely
that, over the Ton g term, the <Towdawn n population qraath wmcd doproye «d
eff fcvency of ereray use in housing willreault freoa desard rowt = 2 hat
s siani fican tly lows than *wo aere opt aer o osare,

[t =s clear that there are re Habde aavereaen b cat ta —upagret Ty o' g
aojection that the energy consompt fon demarid rate for the regidentli al,
|ozomemerei Al s te TR AT TR A FRE NS TOE e TSR TE pesicdy an
mn tioned abo ve, the arowth rato fo= 17205 was 9.0 percrat leag than the

aro_jected trend (besed on 1T364-3973 fia mes . Snce 193, dowand for

B " - i T — . _ = — = = - e
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electricity and natural gas increased, while demand for heating ol has
decreased since 1974 (though 1t had moderately increased since 1973).

Swemary ol Jonaluaion,  Exxon forecasted that the demand*?rowth rate
in the fndustrial sector would first decline sharply through 1980, then
incroase; that the demand growth rate in the transportation sector would
drop significantly below historic rates; that the demind growth rate in
the residential/commmrcial sector would decline from the 1960-1974 period;
and that the demind growth rate {n the nonenergy sector would remafn about'
the same, FEA statistics support Exxon's forecast: the data show that
the 1975 energy consumption in industry, transportat{on, and buildings

was below the level projected on the basis of 1964-1973 data on consump-
tion levels In those areas. oo

Increased conservation awareﬂe?s as well as increased energy prices,
due to dwindling easy-to-recover domestic energy supplies and to increased
imported fuel costs, will result'in further reductions 1n enerqgy consump-
tion, Total eperqy.consumption for 1975 was 2,8 percent below the 1974
level and 5,2 percent below the 1973 level. If the U. S, aqgregate enerqy
consumption-can qo below the pre-embargo level, as 4t did 1n 1975, perhaps
it can qo helow Lhe ronsumption level for 1972 or even 1971,

As popizlation qrowth slows and as we have time to mike a full response
to highor enedqgy prices, the efficfency with which everyone uses energy
will inseense in Importance, The combined effects of individual considera-
tion of enerqy ef ficiency could result in a nearly level demand for enerqy
hefore the tyrn of the century. C '
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ENERGY CONSERATION
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OBJECTIVE: TO CONVEY TO THE HOME ECONOMICS TEACHER THE ‘“~
SEVERITY OF THE U,S. ENERGY PROBLEM; TO URGE THE
NECESSITY OF IMPLEMENTING CONSERVATION AS A PARTIA
SOLUTION AND RATIONAL ECONOMIC RESPONSE TO THE
ENERGY PROBLEM, | o
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THE U.S. ENERGY PROBLEM

The energy problem 15 not new.’ In 1748, Benjamin Franklin observed:

i
-

- minee sl Lo becoming so expensive, and (as the

v countey Lo move oleared and settled) will of eourac grow
seareer and dearer; and new proposale for saving the wood,
cand legacning the charge and augmenting tha benefit of
[ivey by gomg pavtioular method of making and managivig
thy may at leant be thought worthy consideration. 2

i

Over 92 percent of the U.S. energy consumption in 1976 was accounted
for by ‘three nonvenéwable 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
Mmericans are not willing to tolerate. Breeder reactors, if used in
the -future, will produce plutonium, an extremely toxic clement. Fusion
power may not arrive for at least another 25 years--perhaps much longer--
and therefore cannot be considered a solution to our current energy -
problem, = Other noorenewable energy sources (solar, wind, geothermal )
~may be used to a greatér extent in the near future, but not in suf-
ficient quantities to be considered solutions, either.

0f <ourse, the encrgy dilemma is not a strictly American experience;
its scope is worldwide and its resntution will cut across international
boundaries, for energy resources are not uniformly scattered around the
@arth but rather Tie in highly localized deposits.  Névertheless, .as
Clark stated: . v Co C

Lo maintaian Lie qoerage Amerdeah at preocent comfort lewely
requirea 01,600 pounds of nommetal resowrces such av cand
- and grave? and aqle, 1,450 pourds of metal oubstances and
I8,000 pourdy of fonail fuels, a Tittle less than ans
cewee e[ uranium cacl year, - That amount of eriergy, neavly
e bR M3 b bhecanarage Buropran uses in-a year, g the
cquivalont of eceh eitizen having 300 slaves working £4

o lowrs a day. (Clark, pp. 86-87) - . .

Jf)




In terms of energy resources, the U.S. 1s 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.,

4

Clearly, this country has a special problem--first, because it consumes
so much energy and, second, because s0. much of the energy consumed 1s ’
nonrenewable. The U.S. has five choices: (1) increased dependence on
foreign oi1; (2) intreased use of environmentally damaging coal; (3) dn-
creased use of nuclear and other alternate energy resolrces; (43 more
effective and.efficlent use of energy; or (5) reduced standards of 1ving
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. o .

! ENERGY STRATEGIES
Several broad strategies can be used sihg1y or fn concert to resolve .
our energy problems: ' - :

Strategy 1: Develop "successor sources" to replace oil and gas
. _qver the next several years. . -

Strategy 2: Develop an energy economy not based on fossil fuels.
Strategy 3: Increase efficiency of energy generation and use.
Strategy 4: 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
course, these developments present technical challenges, and time and
- capital will be required. At the present time, "Strategy 1" 1s receiv-
ing the overwhelming attention and commi tment of government and industry.

"Strategy 2" is similar to "Strategy 1." ' Both require the same govern-
‘ment commitment. But "Strategy 2" (developing & 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 Jong 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-energy American sdciety can
change to a les's energy-intensive society. Some Zhanges in behavior would
have to come about under this strategy, possibly requiring rationing or
taxing of resources in order to slow the consumption rate of materials

~f-and-energy:— e




While the professionals imp?emeﬁt Str;tegiesﬁi,’z,vaﬁd’a through Fo-
search and developmént, citizens can implement Strategies 3 and 4--both -
of which depend upon wise use 6f energy. Conservation is the only viable

“solution for the immediate future.

DEFINITIONS OF CONSERVATION AND CURTAILMENT .

Both conservation and .curtailment ave activities which lead to reduced
energy demand. Conservation 1s 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
S0, Rather, conservation attempts to change citizens from being high
energy users to low energy users by reinforcing "saver" values in prag- .

- matic, mohnéy-saving terms.

Curtailment, on the other hand, is a short-run strategy that s used to
cope with acute energy shortages; for exanple, an oi1 embargo would induce
curtailment or cutting-back of petroleum consumption among- those affected
by the ‘embargo. .Curtailment requires denfal. If we conserve our energy
‘resources now, ‘we can ayoid possible curtailment of these resources in the

future. —re

~ Conservation is a long-term necéssity that should be implemented.for
five basic reasons: T P : , , ‘

1. Conservation saves.money; lower cost material
resources can often be used to achieve the same ends as
high cost energy resources, , J o : ,
‘ 2. Conservation can expand our range of energy choices
because it permits us to select those energy sypply technol-
ogies that are most acceptable (for example, solar energy)
and reject those that are relatively objectionable (for
example, coal energy). 2 o
, - 3. Scarce energy resources 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.
_ 4. The U.S. dependence on unreliable and costly supplies
kl - of foreign 01l can be reduced by conservation measures, '
5, -Conservation measures will help provide energy
resources for future generations; theéy will help to prevent
*future generations .from having reduced standards of living. -
“w.[adapted from Moss, pp. 1-26] L S

Conservation is not an end in itself. A 1976 FEA conservation paper
entitled."Group Discussions Regarding Consumer Energy Conservation"
found that .energy conservation is generally viewed as a "t ime-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 spoiled; self-indulgent, .and extravagant. Many pre-teenagers -

it = J"iﬁff — A i p— — e 7.’, .




[ (planned obSolescence). -New technologies were instituted in our factories,

HTIC g
- tudes and practices quickly Ted to complacency and false security in our

., sake of. future generat1ons, teachers must awaken in themseTves and the1r

\’romantically belfeve that a "Star Trek" world, with its "new" energy re-

sources, will be theirs or at least their children's. But the "new"
energy resources (fusion, for example) may not be implemented for quite

~a lony time and, when they are, will probably be moge expensive than
t

we think. Un;i1 such resources are developed, we mist act with the belief:
that "new" resources may never he available. f e
Citizans must begomg aware ‘of the need for and economic’ rationality of
energy conservation. It's eimply a etratégy for getting the moat for our
money» . -Home economics teachers aspacially are in a position to promote
this understaﬁding, but they ‘should take note of the following warning in
the Qitizen Aotion Guide to LnergJ Canuepﬂ@tzan . _

_ Tt ahéuld go' without Bﬂdlﬁg that Lf you are not p?aétlalng
energy concervation, you can't very well ask others to do
g0~~your enthusiasm’and" guceeys will be the_best reason
that @thers mzZZ want;’ ta Join ybu [p. 55]

- After hnme .economics teachers haVE put into practice their conscious
dec151ans to practice good conservation before they urge conservation
_ﬁeasures on their students, they must carefully formulate for class pre-
sentatfon a whole range of reasons-to justify their support of energy con-
servation. -Their support of conservation measures should be based not only
on nationa), social, political, and economic reasons; but.also on a moral
sense of wasté and the need for stewardship-—aﬂ eﬂergJ SQﬂEéPﬂﬂtl@ﬂ éthlé

AN ENERGY CONSERVATI ON ETHIC

One hundred years ago, the Industrial Age swooped down upon: us. W1thDut
warning It tantalized with promises and visions of prosperity forever

in a nation oyerabundant with natural resources. .The Pratestant Work

Ethic that had established th1s country gave way under pressure to the
demands of a "Consumer Society." Concern with production rates became
paramount; concern with use of EHEng and natural resources was 1gngred
"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 repldced by newer models each year ’

homes, and offices without regard to energy use or efficiency. Such atti-

highly Energy -intensive sdciety. - .o

A QVQW1ng number Df Amer1cans are beginning to.realize the value and
necessity of a revised lifestyle wh1ch includes both "Voluntary Simplicity"

-and "an "Energy: Conservation Ethic." Such changes: in attitude and thouaht
gan carry us beyond cost-saving responses. Home économics teachers must
‘make ¢lear 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
)

~ ’ i .




_students “e marel sense of waste and greed" that w111 lead to the eccep~‘
‘tance of an Energy Censervut1on Ethic. - :

Censervatien 1s a rational act to achiéve and maintain an amenebie
11festy1e at minimum price. Such an dchievement cuts waste. For example,
WaeteFu1 use of heating 011 can be decreased by adding more insulation to

a home. * In the long ruh, money will be saved. Also, conservation measures
increase efficiency For example, you can buy an air conditioner that 1s
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 the‘long run more dollars will be saved in operat-
" ing the more efficient model than the difference 1n cost between the two

models.

. It is true that conserVet1un can affect emp1qyment, but 1t is net neces—-
sarily true that conservation auts employment, For example, decreasing

. the production of dfsposable bottles leads to a decrease in the number of
people required to-produce the disposable bottles, a decrease in the numberf .
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 weshed Actually, return-.
able bottles require more net jobs thah disposable "one-way" bottles.
Another example: jobs lost in the o1l or electrical industry-due to a
lower consumption of heating oil or e1ectrie1ty are more than off-set by

Jobs: installing insulation. - , . ¢

“Because an Energy Conservat1en Ethic may be a difficu?t cnncept 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 cenditiener can opener,
or synthet1c fabr1c o

1. Do I really need it to be happy?
2. VWhat ecould be used as a substitute or altemteue?
3. Will bu;mg it promote a more matertalistic lifeatyle?
4, Ig 1¢ enexpeﬁeeue yet efficient, in terms of total

: eoct? . :
5. How Zeﬂg_wLZZ it last?
6. Can 7t be recycled?
7. What resources are in i1t?

"~ 8, Are the enexgy resources gearce or nﬂﬂfenewable? -
9. From what countries do'the resources come?

' 10, Are there other resources which could be used to make it7 ..
11, Did its production nesult in atgnificant enveremeﬂtal/
eco logieal damage?
120 WZll its wse result in significant enﬁerenmentalf
: eco logieal damage? *
- - ——— - S - -
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| An "Energy Conservation Ethic" 1s a’conscious effort on the part of the -
Y individual to think in terms of wise and efficient use of resources when

f dEVETDpfn?, buying, or consuming them. It reminds one of the "stewardship"

 responsibility to maintain an’ecological balance for survival, that the
matural environment is not Timitless in its capacity to assimilate waste
and abuses . S . . S I
SevefEI typesrbf energy conservation activ%ties are 1mp1ied byJan’Energy ‘
Conservation Ethic:
A ' ‘ : . : T
« 1. Activities that can save energy, as well as money.

2. Activities that save energy and have no apparent
~ disadvantages. . ’
3. Aétivities that saye energy but have some minor
assocfated disadvantages. ‘ :

“Keeping thermostats set in the winter at 65 degrees and in the summer at
78 degress falls.in the first category; not only does this action save - =
money, -but 1t can®improve ‘one's health. Installing storm windows and doors
~s also in this category; these items can quickly pay back their initial

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

tional insulation, especially in older homes; the cost of insulation is
noymally less than the amount of money the resident will save over.time on
energy bills. Carpooling is another way to save both money and energy .
‘Buying fresh produce rathei than canned, frozen, or dehydrated produce s
yet another way; for example, the production of one pound of white potatoes
{excluding packaging) requires: : ‘ - .

“fresh
canned

6:250 ?BtU'S

9,000 Btu's
14,950 Btu's - frozen
26,700 Btu's - dehydrated
[Energy and Food, p. 1]

¥

Besides, fresh potatoes cost Teés at the store..

Appliances that save energy because they are more efficient than com-.
parable products have no.apparent 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 products with excessive packaging. ' Every supermarket plastic bag
édds.apprcximateiy 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
vequires 7,836 Bty'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. - ‘




The fb110wingi“Enerﬂyjtﬂnsafiation»Creedﬁ is a possible expression of
the energy conservation ethic: . :

!

I pledge that I will learn to partioipate auto-
matiocally in all those conservation activities

whioh have no upparent dieadvantages to myeelf

and whioch requira minimal energy on my part.

I further pledge that although ocertain aange}mﬂti@z \
- aotivities may have minor peraonal disudvantages,
I will voluntesr to pavrtioipate in them.

‘And in the event that these activities ave not
suffioient, I will tolerate those aotivities which
may produce aerioun disruptione in my lifestyla.-

I pledge all this in the interest of futwre geng-
rations. . : -

It:1s hoped that teachers will insti11 this or a similar creed in them-
selves-and i 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 1ife: educators can help create a more
efficient, durable society that cares about the energy inheritance it will
bequeath to future generations, ' :
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'3'onDEErtvg; TO ENABLE THE TEACHER AND STUDENT To RECOGNIZE

! . . . N ]‘ ia " . . B _ B "
A7 The primary function of the residential shebd i 1o PEAVIdR A comiogel

BOTH ENERGY-WASTING AND ENERGY*CONSERVING COM-
STRUCTION FEATURES FOR, RESINENCES  AND TO BE ADLE
TO DETERMINE MEASURES"WHIGH COULD. BE TAKEN TO
IMPROVE A HES!DENT[AL,sTRu@TUQE,ngNERGv;EFﬁﬁg

i T ; ' "
S——— R L NN AN

#

[
Many destgn and construction features ejdst which caﬁ%he fncorporated
into residential atructures to reduce thetTr enoray consumption.  Tha shall
of a heme (1ts roof, sides, and foundation) protecls the pccupants from bhe
outside elements and influences what goos on in the house by defining thy
fnterior apace.  Since the primary use of senergy in the home f+ for heating
and cooling, considerable energy savings can he achieved by Improying fh

sshell of the home. A savings of 20 to 40 percant 0F current energy Glifs

sumption in an average home cf)pl‘d be economically arhinved by improving
the shell with fnsulation, caylking, weatherstrinping, and storm windows,

aene (the ‘proper tempetature, humidity, and Aky movement to create a fepds
ing of comfort) for the inhabitant v.of As an oxnifb e, FAr mnderate znnn
inhabitants, the comfort: rone sahges from BA'F th BZ'F and 18 ta 77
bercent relative humidity, in shddaifreas (1naide thp house ). with
negtigibteair aoyement’ " There argtf§me when Lhn weather wé 1 provido
prherind theke iid meant Of adapting Lhe home to atilign thy .
otfidde air, CHEReVeRERIE are Clmes, eapecially tnowinter, when pnny gyl
needs to be used fo maintain reasonable comfort, Fifﬂm‘v 1 defines thn
crelatfonships of humidity and temperatuyre in makntakning a conturtabin
atisan phe e : ' ’ \

.i‘f‘;.
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Tn fﬂﬁ,eryﬁ En@rqy, maximum use Fhould be made of natural means to
§ produce a. h?a]thful and livable home environment with minimum use of .
vaLhAnirhl énuipmﬁnt far-climate control. A primary consideration {s the
_aita~--the place where the home {5 to be buflt or where it -already stands.
| The <ite features may -be positive of negative factors in terms of Enerqy
=quuirpment cand are Always unique., The.major factors of climate and.:
quetnt?nﬁ determine the proper orientation (pesition with.relation to. the
T compass). af the hope's features as well as that landscaping which might
reduce mechanica) Patinq and cooling caosts. General orientation con-
.idrrarinﬂ; fnclude: :

l; Thn hui)dinq ‘hnuld he nrlpntpd-tn maximf é exposure to solar
radiaffﬁn during the heating season. )

2. The FeIétfgnShip of the building to outdoor spaces hqud b
designed to maximiZe'within limits, air movement in hnt wvﬂthpﬁ"
‘minimize air wnvvnwnt fn cold weather, L

i g Drientxtinn must revognize thP affict of nPﬂrly th!ﬂfnGﬁ:qﬂdf
topoqgraphy, o .

4, The rglatinn‘h;p af the building to nutdnnt derv should
max1n1lv solar impact, for Ean,ﬂclLlnqi hvdtlﬂq in. wlntﬁr sunning in.
!pylnq And. fail‘ :tr e :

b, lkfrﬂtdlhﬂl§hﬁuh1;urmlL Uu-5 ;y'puggﬁﬁ{airnﬂvmmum for

natural v:nfl]atlun N A
- .

T
;E’

fs, ”Firﬂtdtiun “howld provide for the ddvnnttqnnu, u'v nf LF(PRi
topoqgraphy, water, -and view

1; Urnintiftun should be suited to the lifcityi&
Oi(Updﬂi '

?Efﬁiﬁé”hﬁfiﬂ€ﬂgﬁi'

¥

The {nxtrd sfafv’ is made up of four rrq1nnal rfInmtv zones (as shown in - f -
Fiqure 2): ; témpﬂrdtﬁ hot- arld. and ho't- humld ' Each area has charac={.
teristic cons tituv t v]vrvnt such s temperaturg, relative humidity,

o
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radfation, and wind effects. It is tAe total effect of these elements
which should influence the orfentation of the home and landscaping of the
site “or optimal enaergy censervation.

Of major concern are the ways the sun and wind affect a given home and the
ways in which these effects may be modified to conserve energy. -The sun
provides "free encr]y“ during coal periods and exces: heat during warn .
perfods. The wind, on the other hand, increases heat Toss in coc) periods
but can be used to remove unwanted heat in times of excess warmth,  These
relationshios are shows in Figure 3,

To better understand the effects of the sun, it is helpfyl to understand
fes path and position at different times and seasons fer o clven gecgraphic
locatfon.  Althouch tne sun rises In tha east and sets in the west, the
exact pefnts of the conpass ni(yhich it rises and sety vary With the geo-
graphic locatdon. Al<o, in the northern hemisphere, the sun s higher in
the sky In <he sunsier than in the winter., As showhi in Figure 4, a south-
facfng wa?l receives maximum sun in the winter. [t is Jdifficult to make
orientation generalities due to the many variables to take into account:
the wind, secasenal changes, regicnal climatic differences in the Uni ted
States, local topography, etc. In the northern latitudes there 15 a need
to orfent the building toward tae sun as in Figure 4. However, in
southern reqfors, the axis of the building should be turned te avoid direct
soldr radiation and oriented toward cooling breezes instead.” In the more
temperate rones, wherd winter heating and summer cooliny are both impor-
tank, orlentation secomes more difticult. Generally, hames should be.
oriented to the southeast to maximize splar heat gain in the mornings and
winter and to minimize the fapact of the low, hot afternoon sun. ™  The
north side will be the coolest side with the least opportunity ror direct
natural light penetration. :

The effects of wind are less predictable; they vary with season and lo-
cation, and may be offset by barriers sdch as nearby planting and terrain.
The effects of wind on housing have to te considered both on the outsuide
(because o f womoeosion cvasaer and Dn T Eepaeon==see Glossary tor defini-
tions) and within the structure Itself. Winds should be Ylocked during. .
cold weather, but admitted and utilized in hot weather., For exanple, R0
a cold ¢limate homes should be shielded from winter wwndf and orien ted td

recelive cool Tng sunmer biree fos,
[SEL ACTIVITY A )

significant conteibution to the ti(ll of =climatically responsive archi-
tﬂgtﬂl@ has been the experdmental work of Victor Olyyay of rinceton Univer-
sity. Q]gmw resolved some Tong debated principles relating to climatic
environment <o hou§ing.  Flgure 5 depicts the effects of wind on hous iny
s revealed Zhrough Olgyay's research.
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Figure 4: Sun Angles for Winter and Summer.
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Proximity to bodies of water Higher wind speeds occur at theé
has a moderating effect: tops of hills, thus creating a
during cool: periods (at night greater cooling effect on the

or in winter), the air moves windward side and less turbulent
from the warmer water to the wind conditions on the lee side.
cooler land; the reverse occurs (Note: The closer the lines, the
during warm periods. greater the wind speed.)

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

Figure 5. Wind Effects.
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Wind.effects around buildings are most pronounced
on the. windward side at the corners and rooF11ne
(Wiew . from side.) :

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

Figure 5. Wind Effects (continued).

Source: Olgyay, pp. 51, 50, 103, 101.
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' Vegetatiom Factors

In addition to the-esthetic value of having trees ‘on 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 from ‘the 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 decidicous trees (those that shed their leaves) especially
valuable when placed close to buildings since they can limit the 1mpaat of
the sun in SUMﬂET without 1nterfér1ng w1th 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 charactei of the vegetation itself
in winter and summer must be kept in mind. For example, a shade tree may
be too 1ow 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 Orientation

In the evaluation of room orientation, the most important consideration is
to secure desired conditions in living areas during the times they are used.
There are many determinants in se1ect1ng room exposures for a particular
site (e.q., view, traffic, topography). ' For best thermal cohtrol, solar
orientation should be a major con§1dera tion. The matrix shown in Figure 7
was deve]nped by Jeffrey E.' Aronin suggesting sun orientations for various
rooms in a residential building in a temperdte or.cool climate zone.® 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, part1cular]y 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 avnlded :

Anothev important consideration for thermaT control is wind orientation.
The goal is to protect living areas from winds in cool periods but to
admit and utilize breezes in warm pevriods. Therefore, it is best to
orient areas with least use (garage, ut1‘l1t_yi closets, storage, laundry)
toward winter winds and those which receive the most daytime use tmward

summer breezes (see Figure 8). .

[SEE ACTIVITY C.]
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Figure 6. Climatic Impact of Deciduous Trees.
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B % BASIC CONSTRUCT
) LGBJECTWE: . TO ENABLE THE TEACHER AND STUDENT TO RECOGNIZE

ENERGY“CDNSERVING AND ' ENERGY~WASTING CONSTRUCTION
FEATURES IN A HOME AND HOW TMEY MIGHT BE IMPROVED
TO INCREASE ENERGY EFFICIENCY, ' X

- In a federally sponsored study, an analysis of heating and cooling losses
for a typical, single-family residence in the BaTtimore/Washington, D.C.
area revealed details of where heat flows through the shell.” The table

below shows the distribution of hearing and cooling loada (the amount of
heat 1oss or gain per unit time imposed on the heating or cooling equipment )
by major components. Evidently, there is great potential for enerqy conser-

,vation in the improved design and construyction of a home's shell. 1In view

_of rapidly rising energy costs, there are many energy-saving design op-
portunities. HoweYer, it should be noted’ that & Teature which may be worth-
while in one geographic region, may not bein another, H

o ' ~ " Percent of Heating Percent of Cooling

Components __load e _LO@d
= )

Ceiling 3.7* 2.3
Floor 2.2 2.4
Total Window 13.6 4.1
Total Door 1.4 (.a
Jotal Wall 23.9 14.7
Infiltration Load 55.2 al.h
Internal qud .- . 0 35.] f
“Total 100. 0 o 100.0

*The ceiling was well-insulated. If it had not been, this would have been

much greater.
Stae wnd Shape of Home

The square footage of a house affects the cost--both initial outlav and
continuing maintenance and operation, Larqer homes yequire more con-
struction materials and larger capacity heating and cooling equipment than
do smaller homes, as well as more fuel to maintain o comfort zone within
the house. It makes sense to try to satisfy the occupant's needs within
a minimum area.

The optimum shape is one which has minimyl heat gain in summer and
L" minimal heat loss in winteir.  Thevefore, the form of a house depends upon
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the climatic region. Three factors help detepming optimum shape: o -
to-surface ratio; solar exposure; and potential for fhsulation., . Tha wolume-
to-surface ratio of homes: is. important,-but ghhnot be considerad ajohe §n
determining shape. It might appear thatia cubiedl house would have thy
least heat loss .and gain because it is. compaet, but this is not the gann,

The optimum shape for thermal impact for every tlimate s a rectangliv mith 1

differing degrees of elongation’ along the wast-west direction.” Through .
experimentation, the optimum shape for each glimate has been detgrmined

by Olqyay. These shapes are “{1lustrated in Figure 9. However, Olgyay., -
was concerned solely with thermal impagt and ¢id mot consider the potentiad
for insulation. The National:-fssociation af ,Mom Builders (NANB) has,” W
shown that. the potential for insulation 1s n vory important factor im .
determining the optimum shape of a home for tharmel efficiency,®  For
example, the NAHB has disproved the impressiom that a two-story IR
affords less heat loss dnd gain than a one-~story house of the SARN S uare
footage. In this-case, the.¢eiling arca makes the difference since ¢efls
ings can be more effectively insulated than wialls, If six-inch wall §tuds
were used and if the insulation had an "R-valup® equal te that of the i
ing, the one-and two-story houses, all other factors beino equal, would )
have egqual heat gain Jdnd loss. r -

£ Ty

The volume effect (as the volume of a cubk tngreases, its volutgstoe
curface-area ration increases, as shown in Figure 10) plays a mov fmpors

tant role in large buildings such as apartment houses or condomindyms. Thi fio

climate affects large buildings much Tess than small buildings because of
the volume-to-surface area ratio. Figure 17 Indicates that an intprior
apartment may have a lower heating and coolfng kgad because it hah ligng &
surface area exposed to the weather, ' :

Dt ion -
The onerqy et ficiency of a home can beoincreased 20 to 30 percent with
proper insulation which wil]l reduce the Toad on hbyating and cooting fyutp-
ment. 10 Insulating is one of the most importand, @nergy conservabion meas:
cures for o home: it makes ppssible the use of G ller capacity hiating
and cooling equipment as well as saving on operating costs. For nxample,
in a 1500 square foot home in a temperate climate at three cents per Kilo= .
watt hour, six inches of ceiling insulation could save $5°0 annuaily on
heating and cooling costs; 3.9 inches of wall s lation could save $H00
annuatly: and 3.5 dnches of floor insulation could save $170 anny )y, B
Placement of - this insulation s shown in Figure ne.

On a cost-Denerit banis, the money and effort spent to heavidy tnsulate

a home will be repaid in jost a few years through lower heat fng nhd”mnm%fmg;'

bille. 1t is more cost-eftfective and casior 1o insylate during construg-
tion, but it is beneficial to insulate existing homes o< woll,
&

Pt fone s o any material that provides rosistanee to the flow of bt
from one surface to another. . Difterent mptortals have different insulating
value. o example, one fnch of mineral wool or Fibepglass has Lhe Same

: 3 '
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insulative value as 34 inches of brick!!? The table below shows the
_1nsulative qualities of housing construction components., It points out
the poor {nsulative quality of glass as opposed to a cefling with six
fnches of insulation which has a good fnsulative quality.

Y \J’ HEAT LOSSINB T U PER U) FT FER HUUR

CONSTRUCTION
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SOURCE: TVA, "Insulate for Savings & Comfort"

The abiTity 'to insulate is not determined solely by thickness but also
by weight and density. The effectiveness of insulation 15 usually measured
in thermal resistance (the ability to stop heat flow) ur "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
areas, ceilings should have an R-value of 19-38; outside walls and floors,

R-11-22. The Tennessee VaTley Authority's (TVA) "Super Saver Homes" pro-
Ject for the Tennessee Valley Reqion recommends R-30 insulation value in
the ceiling and R-19 in the walls and floors. The Farmers Home Administra-
tion (FmHA), the largest single financing agency for housing in the State
of Maine, recommends R-38, ccilings; R-19, walls; and R-22. floors for
optimum insulation. These recommendations are consistent with those given
fn Figure 13, illustrating the recomended "R-Vilues" for six U.S. climate
regions. A . « .

Many kinds of insulation are available--fiberglass, mineral wool, cellu-
lose, fiber-blown, vermiculite, polystyrene,. and polyurethane--and conmonly
used in homes and may be cither blanket or loose Fil.  Blanket or batt -
insulation is constructed of mincral wool or fiberglass and is available
in continuous Tengths. in various widths with optional vapor barrier. rloosa
fill insulation is made from mincral wool, glass fibers, wood fibers, or
vermiculite and can be installed in new or existing homes by machine
blowing or hand pouring. roam insulation, which is available in rigid
boards and liquid spray, is also used in homes. It is particularly suited
for applicqtions where very little space is avajlable or for insulating .
existing buildings. Of the above, the blown and liquid spray foam insula-
fons require special equipment. The batt and loose fi1] types of
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~ Source: chnhCarmrﬂ

' Figie 13. New Recomiended "R-Values": Céﬂ1ngs/|=lé]'is/Flonr5: ;
for six U.S. climatic zomes. =~




“{hsulation afé easier to install and can be done by most anyone. -

The optimum insulation of a home would fnclude all surfaces exposed to
the outside temperatures--ceilings, walls, floors, and roof. The diagramin
Figure 14 11lustrates the proper location of insulation, The greatest im- -
pact on .enerqgy savings is ceiling insulation. Insulating an uninsulated
attic with six inches of mineral wool, glass fiber, or cellulose can result
in a 20 percent savings on heating costs. If five million homes with {in-
adequate attic insulation were upgraded, the U.S. demand for residential
heating fuels would decrease four percent.!? Installation of insulation in
. walls also ylelds a large enerqy savings but 1s more difficult to install.

. {
Infiltration

Infritration is the passage of air into and out of a residence through a
variety of openings (doors, windows, cracks, vents, dampers, etc.). (Figure
15).  As was noted in the HUD single-family residence report on the heating
and cooling of homes, infiltration was the largest load factor for both
heating and cooling, about 55 and 42 percent, respectively. ! .The amount
of infiltration varies greatly from house to house because of differences
in construction ‘and the habits of ‘the occupants, ASHRAE (American Society
of Heating, Refrigerating, and Air Conditioning.Engineers) researchers
determined that the optimum rate of infiltration for residences should be
about one complete air change every 10 hours with no wind or indoor-outdoor
temperature difference. 15 With differences in temperature and slight
winds; the air change could be ag great as 1.5 or ane-and-a-half complete
. air changes pér hour! Soine people. fear a "too tight" house that won't
“admit fresh-air. This s not ‘the case even in the tightest homes.. Some-
‘times - the -interior air may seem stale; if 1t does, open a window for a few
minutes. The number of door and window openings and closings, the use of
exhaust fans, the use of fireplaces, the movement of air within the house
all affect infiltration.’ Aside from these sources of infiltration are the
. ,n%fraw Qpenings(arcund:doorg'and windows, as well as within ceilings, walls,

and floors, ‘ o s ‘

“There are twa'appraacheg'@Q?décreasihg infiltration. One is to foster
conserving habits in occupants.  The other is to seal cracks. Several tips
for reducing infiltration are.included below: '
« 1. Keep all.exterior doo§g==a§ well as those on garage, attic and base-
ment--tightly closed and weatherstripped. '
o2 Close dampef when fireplace is not in use.

3. Use exhaust fans sparingly.

.. 4. Close centra]~heatiﬁg‘veﬁts‘when using room air conditioner and vice
‘versa. ’ o ‘ ‘ :

g 5. Eeeﬁ allwindows tightly closed when heating or cooling equipment is
operating. : . T .

g




o 1. Exterior walls. ' Sections sometimes overlooked are the wall between
14ving space and an unheated gdrage or storage room, dormer walls,
and the portion of wall above the ceiling of an adjacent section of
‘a split-level home. = Pack 1nsu13t1gn in narrow spaces between jambs
’and framing. :

2. Cazlinga mith oold Epaaéu above and dﬁrmer aeilzngg . An attic access
panel can be 1nsu1ated*ﬁy spa?1ng a piece of minera1 wna1 b1anket to
. 1ts tup : _ I —— p——
3. Knee walls when attio apace. .
is finished as living quar- - e o
ters. ’ ’ : -

'4.. Batween ocollar beams, Zeau—
ing open space above for

ventilation. , gy - L 1 1 Tygeem —
| . LLITT IR 2
5. Around the perimeter of a . - - . A
slab on grade. , e — e
B . t g-- - 7 \* E‘ 63 a
6. Floors above vented drawl , - e etm—— 9
spaceo. When a crawl space b YAREE FAREE 1Bs

¢ 1is used as a plenum, 1nsu1¢
-tion is applied to crawl T —— )
space walls instead of the | — o |[Oyr )
floor above.. ‘ Tm—— - s

7. Floors over an unheated E L
or open space such ds over 4
a garage or a porch.. The,
cantilevered portian of a
floor. .

. Baﬁem?ﬂt walls when balow-
grade “space is finished
for living purpoaes.
Mineral fiber sill. sealer

o " between sil1.and founda-

*  tion provides an effective
wind infiltration barrier.

P:m

9. In back of band. or hgadér o
Joints. ; {

Figure 14." Proper location of Insulation.




" Figure 15:
Infiltration Sites
in the Home.
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v 6; Use firepIacéﬁ on cool dayi-but not. coid days.

7. Plan ahead make as few trips as passib]e 1n and nut of exterinr
duars , ,

To-seal Gpenin?s a number of measures 1 may be taken. 1nc1ud1ng weather«
stripping, caulking, sealinyg, and painting Weatherstripping closes off
the space around doors or windows. Different types of weatherstripping
are available. Most are inexpensive nnd easy to 1nsta11, as shown 1n
Figure 16. . : . :

- Caulking 15 a putty611ke materia1 which is squeezed into cracks and
openings with a pressure gun. The outer layer hardens and can be painted
while the finner part stays soft and flexible to allow for expansion and
contraction.  Caulking should be used to seal cracks in walls and'joints.
A1l holes in exterior walls, roof, or flooring should be patched. Broken
.| or cracked window g]ass should be réplaced. A1l dampers and vent. c1asure§
x should be tight. Of course, the fewer windows and doors in a home, the . ]:
less infiltration. - Figure 17 shows where to make repairs on the Exter1prt*a'
of the house. ’ ‘ ‘ CoLa .
Faundatmn .

When 1t comes: to 1nsulat10n. foundations and FTaars are frEQUently over=-
Tooked. _However, even if walls and ceilings are wgll-insulated, large
quantities of heat can be passed through.uninsulated floors and foundations.
Insulation should .be included in- floors, above unheated spaces, around the .
perimeter of slabs on a grade, and 1n craw] space and basement walls except -
in hot weather c11mates ,

' An uninsuﬂated fcundatinn 15 a goad design Fcr hotter cTimates because

it allows heat to flow into the gﬁaund below, thus providing free cooling.
Masonry foundation walls have very poor thermal resistance quajities so they
should not be ovérlooked. "Figure 18 shows the location and application of
‘insulation for slabs, crawl spaces, and foundation walls. Rigid insulation.
plus a vapor barrier should. be used with slabs. The vapor barrier (usually.
a sheét of fotl or plastic) should be on the interior face of the insula--
tion (the side facing the interior of the house) to avoid condensation proh-
lems. Condensation inside the structure will cause rotting.and deteriora-
tion. - No one type of foundation has better thermal properties than another
if each is properly insulated; however, crawl space foundation provides
vent11at1on and sepavation From gruund moisture 1n warm cl1mate$ :

2,

Roof
B o . \. l o & : - . 2
"The. roof- and ceiliny. structures provide excellent opportunities for in-
sulation and shading: The greatest heat loss in uninsulated homes is -
thraugh the ceiling. (This is to be expected since heat rises.) Usua]]y
‘there is ample-room above ceilings in the unheated attic spacé to accommo-
' datg several 1ﬁChES of insuiat1on The average requirement fnr ceiling

P
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'.-.home. as shown 1n Figure 21, . “w- s

‘Y Shown that light-colored roofing’ material {s best, but ‘that. the degr&e of .
-effect on-interior heating and cooling Toad 15*§Feat1y ianUﬁHQ’d 6y{the

Fi'reduced the heating Joad whi]e 1ncreas1ng the couling 1oad substantia?]y 16

‘| additional effect of solar rad1at1on These types Df heat transfer are

x“*‘tion. making walls

fnsulation 1s R~19 which amounts to about six inches of glass fiber or i~,,_
mineral wool insulation. However, to be a "Super Saver" the cefling may
need an "R-Value" as high as 30.  If the celling construction does not
permit ‘séveral fnchés of insulation, such 4s concrete cellings and mobile
”h ceilinqi ‘rigid foam board insulation can be appyied either above or
below the exTsting ceiling. (See Figure 19.) It sholld be noted that -
attics require ventilation {n both winter and summer; in wintgr, the vents
let moisture vapor escape. in summer, thn ‘open vents carry wa¥m air out.
(See Figure 20.) S

The m@st EDHﬂDn1y used Shading device 1n home constructiun is the over-
hang. Through the use of properly designed overhangs, the home can be
protected from the sun in overheated periods and exposed in underheated
periods. Since the use of overhangs is;determined by climate and orfenta-
tion, it varies from one area to anothey. , Generally, it is desirable ‘to
protect the home from summer sun and permitgthe winter sun,tp warm the

i [

! Anather fmportant aspegt 1is roaf co1ar ASHRAE ‘and HUD" studies héve o

‘amount of cefling or rdof insulation. In the HUD test of sihgle
residences the -change from a white roof to a black’ roof only slight1y

In the sing]e~fami1y reﬁjdence studied by the federai government the,
wa115 contributed approxiﬂmtely 24 percent of the heating: load and: 14 ;
percent of the cooling 1dad.!” The thermal resistance of a wall is deter-
mined . gy how readily heat, fpasses” through' it. Heat is lost on cold days
by ‘conduction through the walls and by actual infiltration of coldzair
through cracks and openings Heat is gained in the same manner with the

lshawn in Figure 22.

Conduction and i Filtration through walls can be reduced by ustng insula-

zéin tight, and by minimizing the adverse effects of

wind and sun. Unifsulated masonry and coricrete walls are relatively poor
thermal barriers; therefore, 1qu1at19n 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 protect1on It is important to remember that walls are
easiest to insulate at time of .construction. As illustrated in Figure 23,
an energy conserving wall shou1d have these e!ement& ,
1. A weather surface:: to ShEd water and pr@tect the pther wall e1e—
ments, prevent moisture and a1r 1nf11trat1cn

_x!

2. Structural support: to support the. wa]] and nther bu11d1ng eTeménts

i
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exter1or walls .should be used in most areas.!®

.system.
" window area as will pass through ene square foot of wall area.

_greater than a typ1c31 wall.?0

o

to prevent conduction of heat.

Insulation:

to provide ventilation within wall elements and serve

4. Air space:

as .increased insulation.

- 5. Vapor barrier: -to prevent moisture from entering the wall and to
prevent infiltration. ‘

- To control the effects of 501aP radiation, 11ght paint or materials on
Wooden trellises, horizon-
tal and vertical louvered panels, or grills may be used to prevent solar
heating of ‘the Kouse in warm climates, as illustrated in Figure 24.

Y

Windows and Doors

Jpenings_in a home (such as w1ndDws and doaré) 1low heat to escape in
winter and enter in summer, creating a load on tha “heating or coo]1ng
Eight times as much heat will pass through one square foot of
‘This as-
sumes that the wall is insulated and the window has a storm window. A3 Even
a two-inch solid door with a wood storm door has a heat Tloss 3.5 t1mes

%

A qovernment repcrt on 51ng1e Fami]y res1dences indicates that 15 percent
of ‘the home's heating load and 4.5 percent of the coolifg load was attrib-
uted to the windows and doors, with the windows contributing 13.6 percent
of the-heating load. Heat TDSS ‘and gain through windows and doors cark be
reduced by storm panels, weatherstripping, double-glazing, vestibules,
shading devices, and wise placement. Tt is estimated that a 20 percent
reduction in heating bills could be r:alized by adding storm doors and
windows. They are also effective in warm weather where they do not prévent
the ut111zgt1an of natura1 venti]at1on

pvizA Storm dODr or w1ndaw is actua]Ty*an additional door or window with an
r space between it and the existing door or window (see Figure 25). Storny
‘ndows will cut in half the: heaﬁﬁthat passes through windows in your house.
In addition, they cut in half the difference between room temperature and

window temperature.

This prevébts the drafty TEE]]HQ around w1ndnws anﬂ

reduces condensation.<!

(See ngure 26.)

on the inside or

Similar reductions can be achieved w1th double- g]azediw1ndow; or p1dbt1C ‘
applied to windows. Double-glazed windows hdve two panes of glass factory-
sealed together with a small air space between them (see Figure 27). |
Double- q]az1ng 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. <2 Heat transfer can be further reduced by triple-glazing (Figure 28)
However, this is cost-effective only.in the most severe climates. Clear
plastic aver windows can accomplish much the sameszpurpose as storm windows
or Qlaziﬁg for very little cost. The plastic is taped, ‘stapled, or tagkrd
outside of windows but usually Tasts’ only one yenr A
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Figure 24, Exterior SunShades: Louvres (ieft) and Baffles (right). '
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| core wood door has a very low R-value and should not be used:g5,an exterior

T house. . The type of door one has affects the amount @F-infj1tratian‘per

! doors is by the use of an air ldck--an air space targe enough to permit the

The government study also found that wood window frames reduce heat loss
about three percent more than aluminum frames.2?3 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.?2% '

The heat trapsfer through a door is determined by its R-value; .« hollow-

door, but an insulated metal door, solid wood door, or the é&dif{, ‘of a -
storm door(is better. (See Figure 29,) P Rk
- & _ I} "@Y s
In addition to heat t: .fer through doors and windows, there is the very
important problem of infiltration.  As described previously, the'use of

weatherstripping, storm panels, and caulking reQuCes the infiltration around
windows and doors and makes 1ife more pleasant as well as less energy inten

sive. However, every time a door 1s-opened, air moves. in or out of the

opening. : v o=t 1*;;}'
ASHRAE has issued the following camparatiye vthes:': . L

= I

" INFILTRATION--CUBIC
i - FEET PER DOOR QPENING

Swinging door . 300
. Vesté%uTe ' 550
. Manual Revolving door : 7 - 60

Motorized Revolving door ' _ . 32

“TYPE OF ENTRANCE

i) x

0f course, the fewer openings, the less infiltration.

AThe government study found that, in addition to reducing heat 1loss throug
the glass area, storm windows reduced infiltration hy 50 percent.25 The
reduction of infiltration through doorg;yith 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

closing of one door before opening the secgnd. This can be accomplished by
using a vestibule or "mud room,"-as_shown fﬁiﬁigure 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 Joad. 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).2® (SEE ACTIVITY D.) Windows and doorsf should be
protected from the forces of winter wind. Avoid ?1acing openihgs on the
winter windward side of the house; .use bnffles.fp antings, and overhangs

to. protect them from the tull force of rain, wind, and snow while permitting
the maximum natural ventilation in warmer seasons. (Figure 31.) Solar
radiation through windows and doors (particularly sliding glass doors) is

»
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“ Figure 31. Protected Entry.
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another important consideratjon.” The use of roof overhangs cap take.advan-
tage of radiation to heat in cool periods anc avoid radiation Qn 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 home.27dlindows:
- | and doors on the east and west side of the house represent great drtficulty
in controlling low-lying sun and ‘should be shielded and Timited in size
and number, . 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 i'ts heat. in wintér, with
the use of overhangs or awnings. If possible, the majority of a _home'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 scurce of natural ventilation. Properly planned
openings can provide cross-ventilation to cool the house in warm weather.
The location and size of the openings can be mahipulated to give the
optimum ventilation for a specific need. Natural ventilation patterns are
shown in Figure 33.- :

In conclustion, the heating and cooling load of a home may be reduced 7
“by: - . A

5

1. Installing storm doors and windows.

f 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.
6. Locating openings so asMo avoid cold winds.

H 7. Properly locating and shielding ' openings to optimize the effects
of solar radiapibn; . ’ , : |

8. Properly locating openings for natural ventilation.
A

Lighting T

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 incandescent lights, reducing the level of illumination, and
by more engrgy-conscious 1ighting habits. By using fluorescent 1ighting
in place of incandescent 1ighting, residential energy consumption for
lighting could be reduced 50 percent.2? Fluorescent lights are about three
times more efficient, last longer, and contribyte less to the internal

L
(5 (i!i
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Figure 32} South-Facing Windows and Doors.
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Figure 34. Fluoresgent vs.
Inc?ndescent Lighting.
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heat%ng load of & home. A 25-watt fluorescent bulb gives off as much 11ght
a;100-watt incandescent bulb and costs one-fourth.as much to,operate.

%{“ }“(Sea F1gure 34.) The efficiency of a light is not détermined by its wat-

o ‘tage but by lumens/watt. Lumen is the name given te. the flow of 1ight - s

¢ (the more lumens, the br1ghter the 11ght) watt 1s the unit of electric

P power. Although incandescerit’lights increase in efficiency with incrédsed | ,
g wattage,3! fluorescent lights last seven to ten times as-long.3? Incandes-f .t4

cent lighting creates an internal cooling load of ‘four times that of fluo-
- rescent lighting.33 Currently, there are .adequate fluorescent fixtures on
1 the market for baths, kitchens, and task lighting, but they are not genera]
" 1y accepted for other uses in the home. The "warm" fluorescent Tights now
. available are a great improvement over the "cold" fluorescents mostiof us
. are familiar with. However, a new fluorescent bulb may soon be commercial-
Ty available ‘which can be directly. substituted for an incandescent bulb.
The new electrodeless flubrescent bulb being refiney and readied for market
looks like a conventional incandescent bulb and can‘be substituted without
replacing existing fixtures. The new bulb will use one-third the energy
(‘“*x;needed for incandescent lighting and will waste less energy as heat. ‘The
new bulb will have a much Tonger operating 1ife (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 be about
35 percent DF that of the 26 100-watt 1ncandescent bu]bs it could rep]ace

Another important lighting consideration is- thebémcunt of Tight used
, Although few quantitative data are available, it is generally agre
that residential illumination is often greater than necessary. 3% The

égve]s of light needed to illuminate a residence are approximately 5 to

0 Tumens for outdoors at night, 60 to 125 lumens indoors, apd 600 to 1000
Tumens for most tasks (see Figuie 35).3°5 However, most homes are lighted
well beyand these ranges. In addition to reduc1ng the quantity of light,
there is a need to 1ight more effectively. Task lighting (bringing the
light source close to the task) should be used where possible to provide
adequate 1ight 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- .
sumptiaop while creating a pleasing esthetic effect.

The econvenient location of switches also is an effective measure in
reducing energy consumpt1gn since they encourage the frugal use of
light. (If you don't need it, turn it off!) One 100-watt bulb burning’

" for 18 hours uses the equwa?ent energy of one-half pint of 0i1.% Even
if a light is turned off for a5 - little as 15 minutes, mohey and energy
are saved. Additional energy reduntmn measures for- 11ght1ﬂg are :
listed below: ¢

=

g 1. Keep fixtures clean.
2. Dog't usé ornamental Tights.

3. Rep]acebnutdogr<§§ﬁ Tights with switch-controlled electric lights.
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4,
so only use them. for har

en, bu1§s are ]ess efF1L1gnt than Drd1nahy bulbs,
-to-reach places (rF at-all).  p

“‘Long- life 1ncande

3 ’ -
5. Reduce theé amount of needed light by creating 11ght CD]DT&N interiors.
6. Use e * férje wattage 1néandescent bulb instead of several sma11 ones.

if neaded‘(iarger bulbs are more eFFrc1ent)

7. Increage ‘natural 111um1nat1on where pD%S]b]e
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SURE L oo INTERIOR FURNISHINGS |

ENERGY=~CONSERVING VALUE OF INTERIOR BURNISHINGS

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT T0_RECOGNIZE “THE 1

A AND TO BE ABLE. TO 'SELECT AND UTILFZE INTERIOR -
FINISHING MATERIALS:, FURNITURE,. AND WINDOW TREAT- ¢
. , MENTS TO CONSERVE ENERGY. - C C ,
 Et— ——————————— ,'~;i,,_ - égj;g'; """

The insulative value of interitor furnishings hat’ often been, overlookéd: %
In a time of plentiful resources, there was no impetus to select .interior
furnishings® for their energy savings capabilities. The savings afforded
by eniighﬁened choice and use of furnishing$ can be significant. Ffur-
nishings can augment the insulative value of the home, can help control
the impact of the surf, and can reduce loads on heating and coolirng equip-

v s -
; ,

i

Finlshing Materialn

Interior finishing materials include the permanent finishes or furnish-
ings, such as wallboard, paneling, paint, floqring, wallpaper, tile, ceil-
ing tile, acoustical tilyfand wall-to-wall carpet{%g, which are applied
to the insideidf a home™ These materials are usually installed-or applied

" by the builder and are included in thencost of ‘the home.  The interior
finishing materials can réduce energy donsumption in thriee ways: (1) by
~adding insulative value to the shell of .the house; (2) kg helping to cut

“infiltration Tosses; and (3) by serving as reflective surtaces on the
interior of the home to. reduce the need for artificial Tighting. '

Any material that is added to the shell of the home will add some insula-
tive value; however, some interior finishing matwrials have much greater

o,
o
M,

s
Jinsulating value than others:?’ i 5 Lf
U Materiay T }g;:,\@,l;gsﬁ;@w /”ﬂ
: plasterboard 1" thick. - o © 0,45 ‘
- . paneling, softwood 1" thick 1.25 j;
v paneling, hardwood 1" thick = - 0.95 ¢
cork wallcoveéring 1/8" thick 0.44 ;f
acoustic tile e , L . 2. 75 T £
terrazzo 1" thick \. - - 0.08 /
concrete 1" thick " ' . 0.08 o
- Tinoleum flooring ’ 0.05 ; b
: vinyl flooring : - 0.05 i
rubber floor tiles : @ 0,08 o
 carpet with fibrous pad . - 2.08 . -
v tarpet with foam rubber pad " < 1.23  F :
(for conparison) 1 fiberglass , ‘ 3730 g{
mmr e d S L T mE T AR T T e e e g e, ;?éf*ﬁ—‘:g;?:‘é—i .

=

g % . \5 !



With the addition of acoustic tile to the ceilings, eork tg walls, and .
carpet with fibrous pad to floors, the Revalue of the housingéshell could
be increased signiTicantly. Unfortunately, the R-vglue of interior finish-
ing materials is not readily avgilable to the consumer.

Carpeting, a widely used and marketable interior finishing product, can
make an esthetic contribution and save energy, too. Fleors, particularly
those over unipsulated crawl spaces and on slabs, tend to be uncomfortably
cool. Cérpef?igj which acts as-insulation against the cool floor ‘increases |
comfort and is an enerqy-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 39

' In Monsanto's research, "Thermal Conductance of Carpeting vs. Hard Surface
v Floorings," carpeting with a pad proved to have 53 percent more insulative
: value than dmy hard flobring tested because the pile construction of carpet
o fs a highly efficient insulator."? The pile and pad of, carpeting forms

a dead air spacgimuch like that' in fiberglass insulation, as shdwh in
Figure 38. . , x , = o

The ddvantages of carpeting as .an*insulative finishing material are:
(1) it is often cheaper to install than other flooring materials; (2) it
may be installed in new or existing homes; and (3) it is easily maintained.
Qf course,” fiberglass insylation under the floor fs more effective than
cdrpeting as an insulator. 0

- Fimishing materials suc¢h as. vinyl watlcoverings, paint, and carpeting

with ‘a.waterproof backing are beneficial as sealers for ceilings, walls,
and floors. _They help fiil, seal, or cover-cracks in a home which allow
air infiltration, . Another method to decrcase infiltration is to add in-
tertor.moldings-where walls join teilings and floors and around windows.

The proper selection of interior finishing paterials can also reduce

the need for artificial lighting. Light colors dnd smooth unshiny surfaces
‘reflect the most light without glare and, therefore, make possible the use
“of mimimal lighting. = This is particularly important in the kitchen and ‘H
bath areas where higher Ieve1s£of ilTlumination are desired.

Burmiture Selection and "Avraowgement ' s .

Furniture sedection can aid energy conservation in two ways: (1) by
cselecting furniture-items that will augment the insdlation of the home;
and (2) by choosing space-conserving furniture suchtas multipurpose units,
A falding-pieces, or pieces that can be stored until needed, thus reducing
] thé interior space needs of thé family. The placement of furniture can ¥
"¢ add insulative value to the hume and prevent the obstruction of the heating §

L a1 . :
! and cooling system, 2 - . .

"To add Tnsulative value to a home, Targe mbltipurpose wall units, storage
uftits, and cabinets can actually add up to an additional 18 to 24 “inches
of insulative material or air when placed along exferior walls. Of course,
gthe less space you have to heat .and cool, the less energy 1t will require.




Figdre 37. Carpeting
‘ . for Camfcht
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“ Obstructions reduce the heating and ¢ooling efficiency of the system..

0f the occupant is to compensate by:turning up the thermostat.

. . T

‘1f mbiiipurgigé‘ﬁﬁits (such as a sofa-bed) are'selected, a substantial
Ergducticn;if;spa;g requirements in the home may be achieved, - & -

" Furniture should pot block hot or cold air registers or intake vents. .

* Seating areas and beds should not be placed near drafts as the endency - ﬁ;;;;"

4

A

R & et

3

Energy, transfer /(1oss or gafn) at the windowssmay beiredyced: by blinds,
shades, draperies, or shutters. 'These decoratiye’ items.or ‘devices can e
a1sc’caﬁtrcT solar radfation.. The insulative vilue of draperies and othér
“window ireatments vary from "negligible" for metal blinds .to "quite god"
for- ifsulated fiberglass draperies. -However, blinds are very effective
shading devices. The insulative value of the window ‘treatmert is“greatly
rcreased jf it is tight-fitting and forms a dead air Tayer between itself
and the window. If.the window treatment is not tight-fitting, particu~ "
Tarly at the top, the room air will move freely:-by convection into/and: )
out of the space between the window and the.window treathent, leaving T
~little energy-saving efféct ! (See Eigure 39.) Therwindow treatment. .
serves a5 a buffer between the -temperature +t the ihside of the window ang
the room temperatyre and will; therefore, incrrade thermal comfort appre;
“ciably near a window. ‘ ’ P e ;

. s, L .o .
) .,%' - = f;’ L . \ X R [ ‘
During the cooler season, window treatmepts should be opened during, 't}
msunnyuperieds-gf the day; during the-riight and other times: when. the sun < |
Dis not shining, the window treatmefit should be closed to prevent:interior * f
heat from escaping. During the“warmer seasons, the use.of window treat-’
ments can reduce the effggtg*oF incoming .solar heat considerably. The

K

~ments can be more effective“than interior treatments.. Exterior louvres,

window treatments shoutd be closed during the sunny portion of the day and }
opened at night' to tak&advantage of cooier temperatures. Exterior treat- f

shutters, or awnirgs should be considered in"climates where appreciable
air QQnditﬁanihﬁsisg Sed. (Fiqure 40:) - [ o
i - | - R = ) . X . " L \ .

. . , i | ) 7 , . H ) A ) 1 ) ' . =,
Plans .and “dSEit—xQQS;:1f" kits are now -avaijable for insulating window,
Q!

“shades. Out of wood, lyesteér batting, and common hardware, you can'make [
attractive shades with ah "R-Value" yE to'5 and at a cost of. only $1.50 to

$2.50 a squé?e foot of window space e - . . . T

1= . 5 “ \;‘f’h.‘_ﬂ o / l ‘\;‘ - ,.“‘ .
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TD ENABQE THE TEACHER OR STUDEN] TO BE AWARE DFr

_— DEJECTIVE.: b
LS B8 . "DIFFERENT TYPES OF ENVIRONMENTAL CONTROL SYSTEMS, .
e ’=§ = THE. ADVANTAGES AND DISADVANTAGES OF EACH, PRO- ' |
| i+ FESSIONALS AND ORGANIZATIONS WITH MELPFUL ENFDR*
" e ey fMATlON; AND WAYS IN WHICH ENERGY CAN BE CQ SERVED.
. . fé_; . ———— , . nﬂﬁ _,‘!% " . " skl
t‘j_ :2",7;' M"? ",' Voo e A ——— _ . -’
. ® 5 R ] ?.u »r,
P In 1929, the Ame'u n Society Qf Heét1ﬂ9 and Ventllating Engineers
‘e \ | deflined- "comfort ‘air’ ‘conditioning" as thelprocess of treating dir so as.
- Al to control s1m%1taneausly its temperature, humidity, clean]iness, and
oA *diStFTbutTGn This - definition still appl¥es today, but has been further s
Timf ined tﬁxingiude acceptable‘Timits for each of these variables "and the
ition of "a roise- level reétrictiof, . Comfbrtiair cpnd1t¥§g‘ng s re-

it érred toima; nuriber of ways: heat1ngmand*cdalﬁng. ‘heating,” ypadd 1ating,

& and.air cﬂnd1t]gnqng (HVAC);' air cohditionigy and enydronmental” trﬂ1 .

¥ | theﬂithese termsyare. udhd loosely, and do nat ‘include ccntro1 of a11 P
¥R ' the variables nE:tAﬂﬂEd above. ® Ao e/ ST A

Is.-

A gﬁeaf dea?ﬁnf ?éﬁident1a1 energy cnnsumpt1on is- fﬂP env1ronmenta1
Qantrol (the Fede:é1 Energy” Administration estimates nearly 60 percent).?
nergy uld®be used more: “efficikntly % f- «enyironmental control’ systems .
selected and }nsta11;d more carefu]?y and used and ma1nta1ned more \

~Jare
fr?]l-y#' é..,p,,(;,:."r " . o B

Env1ranmégtaj cbntrml usua1{y requ1res fue] The commnn Fue1s, also \\\;

‘called "fdssil fuels,%#are coal, fuel ow?#’naiur J-gas, and-propane. - Be-
cause th burning o coa1‘resu1t5 in the formatiod, oF tonsiderably more
1Fuﬁ dioxide;- carbgn ‘mondXide, dirt, and'ﬁ%hessﬁb N

1€%jtqmpetitor5, it
;15 no des1rab1£ as a r651dent1a;fﬁie1 A

‘ ! v
|RESTdent1d] heat1ng and §§011n have exparwenced a revo1utiih 1n?the

'pa t 50 years. In the 192Ns, the Wagcr spurce of home-heating fuel was
1 coa Coal was then replaced by 01] After World War LI, the era of
- natut aQ gas began and in the 1960 s\electrica] 1nsta11at1cns appeared

With -the current energy crunch, the quéstion .is "What \ 11 o L
fuel of h& future?" There is no guarantee, but, as oil chamég reserved !’

fOF-transgﬁFtat1cn and industry, as ‘propane’ bgﬁth_%gﬁsrﬂgﬂ or-areas
withou't Matural, gas, .an naFural gas -becomes € led @nd prices rise,

‘.many Believe electricit)gill play an ﬁmpartant rolé. With the jincreased

odugtion of eleatricity from nuiﬁg r fuel and- ﬁ?%ffnc,eased use ‘of heat -
imps .and_advanced environmental cun Lrof systems ctricity very well ?5

7éy becaTF the d0m1nant mean§ of " heat1ng and caa11ng h@' 3 over the next
3 ﬁars '%j* /"” . . ' ;. \E’j 'm‘ . g "5 .
L N A
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oéJEétva: TO ENABLE TEACHERS DR STUDENTS TO BE AWARE OF
: : " DIFFERENT ENVIRONMENTAL CON ROL SYSTEMS, THE
ADVANTAGES AND DISADVANT&GES OF EACH,

Thé choice of a system fcr a spec1f1c “home depends on several factcrs
otcupant' s-pey 'sonal needs; size and structure of home; fuel available lo-
cally and its price; equipment and 'service available lncaliy Regardless

of the type of syste@Q however, two -factors -are important for energy con- ﬁi "
. servation: (1) the capahéty ‘and efficiency of the. equipmenty and (2) the

' d15tance of transfer f the generat1ng equ1pment tq,the pa1nt of actua]
use. : oy ¥ R R | S
Equipment should not be 1arger than requ1}ed Overs1zed equipment resu]ts
in short periods of operation, poor comfort condition, and Tower seasonal
. ] efficiency.3 Although the proper size increases eff1ﬁiency, environfental,
- | control systems have. 1nherent unit efficienciesy that, is,. the wark the .
unit does (Btu's$ per houft ﬁer unit of :energy expended (watt). Loy
- referged to as’ the Eq&'jng ficiency Ratio (EER) of the un1t
high® the FER numberA{g? pame eff1c1€nt the qn1t '

. A

) i o _ : .

Anqther cén51der§¢1on is thg ductt?# de11very systen. The tQ%e of duct
systel depen®& on the type of struc s equ1pment 1ccat1cn, and Iayout J’
| of the building. Ideally, Ehé furpace or aip conditioner should be locate

‘near the\center of the hbuse to minimize ductgleﬁgths Considerable: enquy ot
1dss can joccur along:thelducts: un1esslthey aiE-carefu]Ty ifisulated. 1In g N B
sdme. cages room un1t§?5,nu1d be cons1de€§9 since thEy have ho ducts A R

- , . P . CoE
v f\ o - :iy-: & e T : = '7 ; - % . e
# E Zgg}z e e m fzt-cmr z/[[f’gz’ziz‘ Ja f ;gf«*a . ;, o ": B b\” e . // _
- a y

s 3 :
* Althaugh elecgric resis ani “,eater§4ﬁyq'106 percent &fficT&ﬂt in*a hause,_ el
the overall fuel efﬁ1ciency ils on]y. abéﬁt 30 percent because GF 103;33 1pﬁii T

' g@ggfatxx _and transm1tt1ng t ? e]ectr1c1ty

e

BETEQtr1§ res15tan§e heaters take many farms; furn&tes, b
wall: heaters,,r/ﬁiant cable, #aﬂlant ceiling pane15, and,’ a:x1; A
(see,§1gure 47 Electricity \is sometimes uded as,a’ 481 for ¥
:JF;furna e systems. The,;systen may be central, or ibnég'j 7)
. furnaga for the f1rst/f1aor and‘gne for. th%, condgr ROT
forc®l air system requires ductwork: wh1cb, fi pe
f‘or,}aw Cond1t§1 ng as weﬂ The mc:st canmt;&zx
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~gi355h°?f5§§téﬁs foﬁ‘néWEﬁes1&§ntia1 construction are split sysfems which};

©room control. = .

v

. *v.Raéiantfcej1ing‘panéf5‘b"

~_major advantages ‘are  that¥{t may be ysed for the eMire 7
F-aved fow suppiémeﬁté];pr'régu]ar‘heatiﬁg; it algo allows for individual
: ra,grgqmtfal and easy A% C

« ) ds| negded,or where permanent -installations may be| imp
" a %Qﬁagé.is p,rtabi]f%x
N

“condftignipg homes. * Present 1y, "the compressor-#ype u ) )
Compregsor unhits may be ptilized in different .ways in-the home: a cential
ESYStem%‘thrﬁhghntheewgfij_@r~w1ﬂdéw unit: (see Figure 43). ‘ B

k) o
O

t of aﬁ,aut@uarhcﬁnﬂansing-Unit cﬁnmiggd with an indoer cooling
Sused with a-furnéce. Gas,” o1, or elec ric. furnaces may be used sith
P systems. S A typleal split systen®ys shown in Figure 42." Ductwork
cah be a source of considerable heat 1oss, unless properly installed and 1n
sulated. The forced afiv, system provides central (or' zone) heat control,
alr filtering, and air tivculatfon. This system must be properly main-

I tained -for efficiency hy thanging or cleaning filters frequently, Addi-
~tional aquipment may he easily instalfed 4n the ‘system such as:.. electrani
filters, humidifiers, andiaiw':andttioners,‘;i' o : L

:@; Baéebaard heaters provide heat by Gonvection,Frém strip electric heateérs
- placed at floor level along ougside walls.:, The heat Circulation must not

be-disturbed by the fyrnityre or window treatments. Its advantages in- -
clude easy and quick thstallatian in new..or-existing -homes and individual -
,Waﬁi heaters provide radiant heat ébd heat by convection, . The units

shoyld he placed on an gutside wall, Due:to high temperature, units

S should not belocated cﬂbsevtqjdraperjes,‘furnit¥{e;far inside-doors. .
I These units ‘also present a hazard to children, T

e advantages are

;only occasionally:

ual room control and use where heat .is requj e

S EY e A
T e e

Radiant cable heat provides radiant heatifﬁﬁggblé§vembedded in ceilings

or- floors, . Its major advantages are virtuatlymd maintenancey, silent ,
operation, individual room control.. and comuls AN ' :
perat on, individual lmmrxggﬂtf§¥i_%ﬁ§ Fg¥g%§%ﬁ?j
de:radiant’ hieat < hek

,,gﬁfw{re embed-
"Ce#ling.. Its

ded ¥n panels which are £lush' with O Suspendediigs

stallation in new or existing. homes.

'l

At ;

Aixilizky or portabha

R L 7 ‘ 1
heaters should be’used;@n]yTWPE':

tempora ryf heat ;‘
cal) The . main -}

3 | Although, portabte heaters av

Tight whight. cPWates thl possible hazard of b i ‘
oripets, Many portable heatars ‘are providedfMith ip-oyer" switches. A’
gadgj@uxi}jaﬁ:{heatéwgw_}iﬁhave passed the rigi safety #andards of the -

Underwriters 'y RLY, (Look for, the UL symbo ‘on ‘the heater itself),

agorato' PR
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. Since World War II, the n , |
conditioning as a.necessity; not-a Tuxury.b - A greak{ié 1 of

nérican people have Tool
\research. has

al] device for air:
=15 most practifal,s

ed\’pcreaigngiy_at'aik-'

been done over: the years. to determine the-most practic

r" : - K - : "1 u Coe

Yindivid§-

rs effidient, theip’q-
égng tipped-over by children ..
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Each system cools, dehumidifies, and f[lfgr§ the air. A central system
distributes cool air through a duct system to every room.- The sahie Huct-
work may be used for heating and cooling provided the ductwork {s properly
sfzed.” Adr condMioning ducts must be larger than ducts uséd solely for
heating. A central system more effictently cools an entire home than .
several window or through-the-wall ynits; however, a great.deal .of energy -
. may be wasted {f the.ductwork is not proferly fnsulated, In Many cases,

;t Is difficult and costly to install & central system in an ni?gtinq

E

unit can be installed fn new or ‘existing homés. Lt
gh on an outside wall.as practical.” Due to the - -
air, uneven cooling thrﬂdqhnutlthﬁ”ﬁomeﬂnuy occur.
~The window unit miy be inexpensively installed in anys home where
adequate wiring is possible. The units -have limited capacidly and several
may be required to conl an entire home. * If only one room {5 to be cooled,
A window unit-is sufficient ‘and often preferrable to a central system,

The thrﬁugh:the-ua"
should be placed as
lHimited source of coo

ALl afr-conditioning units should be shielded from directssunlight, |
Placement of units on the north side of the home 1s' usuhlly best. ™ Air
conditioners should beé sized to hald (dnside temperatures at 75°F when .

~outside temperature reaches 90°F, Experienced air~énndi§ipning dealers, "
contractors, and {indistry-related professigfials can size units tor specific
nneds, : - :

In aaditidﬁ to proper capacity, air conditioners should be é%iﬁ;tﬁd for
their performance. A higher performance unit wili give considerably
qreater efflafency.  Check the unit's EER rating as well *as ft- capacity.

" Many manufacturer- qive the FER value for their unft. The Air-Conditioning
and Refrigeration Institute (ART) publishes a Directory of Certiffed '
i tary Arrecondit fonorn, i tary Heat Dapa, Sound-Rated outdoor Imitary
F":;;;f'-;'ﬁ?;:r;:‘, and ert gl tyatem Hursi 7 fferi which Tists [ER's for vach unit,”?

The EER for air conditioners ranqges from 4 to 172, If the FER number is not
given, {1t can be easily calculated as shown below:

FER - Btu/hr

Watte

Example A Comparing two 36,000 Btu air conditioning units:

1 requires 7200 watts #2 requires 4500 watts
1 EER - 36,000 b 42 LER - 36,000 - 8
7,200 4,500
7 04 more of ficient, ’ ) .

{5

¢
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3 )Exampﬂe‘B: .Comparing a 45,000 Btu unit reqiﬁgf ER0Y watls to a 36,000
o Btu unit requiring 4500 watts: °, d S S

£ x

) =9 . a2 gskbge000 = 8
\\ ' '—fi"q - - ¥
S . TV W0 :
i " LA
S #Y is more efficient, but do you need»lE,DBDAé%E/ﬂr? :
N If you only needed 36,000 Btu hr, ‘the,#2 unit might
| .. prove ‘to pe more efficient in actual ‘stnce #1 - )
‘ ~ 77 would be oversired for the job.., RL . .o M 0]
S 1£"1s not a simple matter to properly size an éitgcbg ttioning unkt.
v There are subjective as well as objective factors 6" bd cohsidered.c -When
J,\: nrtalling ‘a central system, a reputable air-conditioridng contractork should

1 e consul'ved. “The  contractor or an air cqanditioning engineer- will.care-

v fully calculate-the required cooltng load of the home using American .
Soclety of Hpating, Refrigeration, and Air-Conditioning Engineers (ASHRAE) [
criteria and chlculations, He will also consider such subjectiye concerns
as sthe amount of shade on the home,; the number and age-of thé# occupants,

the insulation of the home, the anﬁunt and arientation of windows, and the
financial means of the o?cupanti ‘ S o

A rule.of thumb (which should only be used as a checkrcn!cn1cula§ian5“én}
to avoid qross.errors) for sizing residential central air-conditioning - .}

units is?* - . . . -

o j' ) v ) F L . . ’ . . . 'y 2 T i

For a “normal" house (eight-foot ceilings, insulated, no more than 20
percent of wall area glass):*~ . “ ’ o

12,000 Btu/hr. or 1 ton for every 500 to 600 sq. ft. of floor space.
‘ . v P

Far a house with extremely high ceilings or eicessiyevg1égé areca or
poorly insulated: ' L
12,000 Btu/hr. or 1 ton for cvery 350-tb 400 sq. ft. ijf100f'5DaCE--

*This “rule of thumb” for a. "normal™ house may chande for "tomorrow's”
. house, if homes become better insulated and their occupants practice
energy conservation habits” ' . > ‘ :

When purchasing a through-the-wall unit or windaw unit, the-consumer mus t§~
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 Tiving area. A two-
ton or 24,000 Btu/hr unit would probably be required to spot cool a living
area with a- through-the-wall or.window unit. For complete home cooling, as
many as five units may be requived with a total tonnage in excess of |
60,000 Btu/hr. -

¢
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: ,Alhomés\increasingly use electricity for ‘heating and coaHng;‘éﬁi Reat
pump offers|an important opportunity to conserve energy, especiallgspon-
pared with falectric furnaces."'s If electricity is used for both hadf] g

~andicdoling, heat pumps should be considered; The initial cost of a heat
pump is slightly higher than‘a conventional electric resistance system, buty.
1t uses ‘aboul' 50 percent less energy.® Heat pumps are especially efficient]
in mild climdtes where heating and cooling requirements are roughly equal.
The heat pum works' as a standard|air conditioner for cooling and as a
= § reverse air cpnditioner for heating; that is, it absorbs heat from the
| outside air afd "punps" the heat into the house,? (See Figure 44.)

Thelre can be| some disadvantages {in using heat pumps. First, since heat
pumps| provide hoth heating and cooliing, their use may -becomé uneconomical
-unlesh both arg needed. Secondly, the efficiency of heat pumps varies -
with the climate. .The EER value for a heat pump is given for optimum
»operation, of steady state at full load; the actual seasonal performance
will dsually bel\less. The Natiana].?uﬁeau*gf Standards reported a 20 per-

~cent drop in the| actual efficiency F\Dm the stéady state EER for a typical
"resideptial heat|pump operated in the\washington, D.C., area.10 - .

One big advantage of electric heat ﬁumps is ‘that "they do not need to'
- exhaust air since|ng coﬁbustian_accursk This greatly decreases the amount
- of fregh air otheiwise required. in the'house, thus reducing heat loss and.
gain friom infiltration. : IR - ' :
i

- L . E o .
\
- [
- .

(?zfl_}??g:* weea 0\ , o \,\ )
Fuel 9il for home$ comes in tw@fgradés;x Number 1 6i1 is burned primarily
in’pot-type burners.| Number 2 0il, which'is heavier and more efficient,
is used {in gun burnefs. _The burners are used in a furnace or boiler from
which heat.is transférred to the rooms of the house by.pipe (water) or

duct (air). It {s udually a-.central or zone system.

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

v H

rag Fu rnaces.

Gas furriaces are another variation of central heating systems. Natural .| -
gas and ‘liquified .petroleum gas (LPG, propane). stored in a tank outside the
home are the most commonly used home fuel gases in this country. Natural :
draft ‘gas burning furnaces or boilers must pass rigid tests by the American
Gas Association ahd have a unit efficiency of at Teast 75.11  Forced draft
gas furnaces, which are available but not marketed, could be 85 percent

88 | "'9,9




Figure 44.
’ Heat Pump for :
. v Heating (above) or. )
. " Cooling (below).




efficient’. This efficiency measures only the energy conversion effictency J

of gas into heat. (This is different from EER.) Little can go wrong with

" a gas burner once 1t 1s properly adjusted. Problems that arise should be .
left to competent servicemen. ; S . B

The energy waste problems associated 'with pther central systems.(duct’
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 Toss 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 Furnaces and 5toveos

- Although coal is less, efficient and dirtier than other residential
heating fuels, it is stj11 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.l3 A great deal of heat is
‘Tost up the chimney. Coal should be alTowed to burn slowly since the heat
from a roaring fire goes up the chimney before it.can be used.* 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
5till lost out the stack. o - '

Coal furnaces or Heating\gtovésﬁ%ﬁst be cleaned each year. The flues
and chimneys must be cleaned as well. This job can be done by the occu-
pant Or a professional. - 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
. Mérning heaters" ave available at varying costs. The recent rise in sales
~ahd prices for second hand stoves indicates an increase in their use.

f

fé’wnid ifiers and Dehumidifiere _ §

Ouring the heating season, the relative humidity of homes is normally
Tow. (See Figure 46.) The low moisture content increases the 1ikelihood
of statig 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. For example, with 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

“humidifiér services the entire house, a portable model can work just as -
well if the house has adequate air circulation. A portable model is less
expensive, but may not have an automatic water refill or control. The
savings resulting from the reduced room temperature through
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humidifiers can amount to eight percent of the total annual fuel cost for
- a home,15 - X , : o . o’
During the cooling season, the relative humiidity is generally too high
- for comfort (except in arid regions). .At a relative humidity of 85 per-
cent, a temperature below 70°F +s required for comfort; however, at 30
percent relative humidity, a temperature of 82°F will be within the comfort
zone. Under extreme conditions, interfor. furnishings wfi]-mqld or rust,®
and occupants will experience great discomfort. A mechanical air condi-
tioner reduces relative humidity; -however, .a dehumidifier may be needed 1n
excessively humid climates or for specific areas such as basements, laundry]
rooms,¥baths, or kitchens. A dehumidifier may be installed in the central
aiﬁ§§ fiditioning system or a portable dehumidifier may be used for a
spect¥fic area. Kitchen ventilating fans may also be controlled by a
humidistat to control- excess water vapor. The .advantagé of the puilt-in
system is that it evenly dehumidiffes air in the home. However, a portable
unit is less expensive and can be placed near the source of the excess
water vapor. ‘ ‘

Natural Vtzrzt.i;{i_tngérz’_ ; ; ' T o

In many- parts of the country, it is possible to maintain indoor comfort
during much of the year without mechanical heating or cooling. It is
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.1® In warmer seasons, open the windows -and attic¢ vents t@qﬁcrmit
night afr 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 are apen'

(See Figure 47.) ’ ' f

Many -0lder homes were designed with features for promoting natural ven-
tilation and some new housés are ajain incorporating these ideas. Other’
than through the addition of attic fans, it is difficult to‘convert an
existing house to take advantage of natural ventilation. Houses which
foster natural comfort control take advantage of solar orientation, have
properly sized and located openings, and minimize internal and external

*heat gain.: =7 . ; : - -

. When-ventilating a housc in warm weather, air should be drawn in Tow from
the coolest side of the house. Warm air should be expelled through the
attic or high windows. A ventilator fan can be installed to increase the
movement of air through the housec. STight air movement also aids in pro-

“viding 'comfort through evaporation. - ,
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TO ENABLE THE TEACHER OR STUDENT TO BE AWARE OF
THE ROUT INE MAINTENANCE REQUIREMENTS OF TYPICAL
ENVIRONMENTAL CONTROL. SYSTEMS AND THEIR EFFECTS ON
- EFFICIENCY, |

Improper maintenance can sfanificantly reduce the efficiency of heating
and cooling equipment and ‘may even damage it.  The housing ocoupant shogld
become familfar with the equipment to the degree that routine maintenance,
safety checks, and cleanfng can be done,  The accupant should obtain opearat.-
ing manuals for all enviranmental control equipment or consult a dealer

or contractor to determine the routine mafntenance required. " The local
utility company can also -provide information.

In qencral, the major areas of concerp are the filters, heat exchangers,
and burner adjustments. In forced alr systems, filtration in accomplished
by disposable or cleanable afr filters. These filters should be examined
reqularly and replaced or cleaned when necessary.  The air clrculation H
through the furnace or air conditioning unit can be reduced or even blocked
by clogged filters. When this happens, the heat transfer is reduced and
can seriously reduce the efficlency of the unit.  In some cases the furnace
may overheat and cause damaqe; or the alr conditioning unit may ice over.

In a clean house (with no long-NHalred antmaly, or shedding ruqs), the filters
should be checked ceasonally.  In homes where thore is material to log
filters, checks should be made every 30 to 60 days.

. . .

If filters are not properly maintained, dust and Tint will not only
cause Toss of energy and performince but will also reach the heat exchanger
or cooling coils. Thiy creates a more serions problem nince the builtd-up
actual ly acts as 5n<ulqtlgn and grevents the efficient transfer of heat
between the unit and theair. As d result, the ynit will be-less of ficient.
[t ks also ditficult to clean or reach the heat oxchanqger, I it becomer,
solled, a serviceman may have to be called to clean it. Grans, dirt, and
5011 may b& brushed or hosed of f outdoor condensing coolers or air condf-
tioners.  However, one should remember that the heat exchange surfaces are
fragile and can be bent and damaged easily.  To aid in maintain ing a clean
efftcient unft, all grass, dirt, and dust Should 1o kept Wiy from both
indoor and outdoor upite.

L LI

i1 fFilters (filter. in the odl Tine) must be Changed or ¢ loaned perlodi-
cally and the burner adjus ted and examinedYat least once a year.  There are
very few maintenance requivenents for oil or qas furnaces other Yhan f11- ﬁ
ters.  However, a protessional serviceman should bhe called at afy sian of
trouble, :

[ -




In addition to the steps already mentipned, several tips for improved -
maintenance are given bhelow:

1. Dust radiators and wall or basebnard units fraquantly,
’ L .
gg pon't store a'lot of junk around furnaces ar atr-canditicners.

4 = .
“ 3. keep draperies and furniture away from vents, thermstats, am

! equipment.
4. Don't allow veaetation *o surround or impinge on aatdoot sgnin-
ment . )
Y. Do onat ahuse the equipment .- call a seryiceman.
]
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In many cases a single thermostat {s not sufficient. Zone control--
{ndependent temperature control for each area to be heated and cooled
with appropriate distribution control (components to direct water or

First, fuel can be ’

dampers to direct air)--has several advantagqes.
Second,

saved since only those areas occupied are heated or cooled.
quicker response to temparature change is possible.
In sleeping and Yiving areas can be individually controlled for desired
temperatures. Tests have shown that zoning can achieve eneray savings of
at least 20 percent,*” :

LSEE ACTIVITIES G and H.]

And finally, comfort

{0



UNIT 4.4

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

After space heating and cooling, water heating is the largest consumer
of energy in the home, As much as 15 percent of residential enerqy 1is
used for water heating and this accounts for three percent of all the
enerqy used in the United States.-' A substantial energy savings is
possible through the improvement GF water heating equipment, efficient
operation, and conservative consumption practices.

Approximately 75 percent of the energy consumed for residential water
heating could be saved by the replacement over a period of years of exist-
ANy water heaters with more efficient, better insulated heaters. " (The
gverage life of a water heater is 10 years.)

In 1970, natural qgas water heaters accounted ‘for 55 percent of "residen-
tial water heaters; electric for 25 percent; and oil for about 10 percent, -
There has been a shift toward electric water heaters since 1970, Electric
water heaters are considerably more efficient in terms of Lnﬁr(y used in
the hore {at point of use) as can be seen from the table below:*

% Heat Lost

Total 7 Heat Lost Up Flue ¥ Net

tieat  Through Tank Burner  PiTot, Usable
Water Heater Input Surtface Firing Light Heat
SO-gallon electri 100.0 2.7 -- -- 78.8
d0-qgallon ga, Ll 100 0 35 0 12.0 / 6 4L .5
A0=-qallon fuel ol T00.0 35.0 13.5 8.0 43.5

”A sumtmg a /5H0 H tu/hr pilot and efficiency of heat transfer to the water
A 70 porcent tor qas/I PG units and 67 percent for oil units.

‘ < G I"«" ,y" ",' LNS PHRLS ,H J?‘.‘.Ii

SOUrCer e e Hea S e
T Prepared” for the Nationmal Science lnunddtwnn by
James J0 Mutch, R-TA98NSE, Rand ( Corporation, Sainta Monica, CA.
Mav 197a, -

YThe overall fuel system efficiency of electricity is less than gas and ot
due to Tosses in aenerating and transmitting electricity.

100 |
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The table also indicates possible areas for conservation measures. For
electric water heaters, tank insulation is indicated. For gas and 01l
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 eight percent (one percent of
total residential electricity consumption).<® Tank insulation becomes more
cost-effective as fuel prices rise. At a cost of four cents per kilowatt
hour for electricity, six inches of insulation (owner-installed) would:save
$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 hpur% At
40 cents per therm for natural gas, four inches of insulation would save
$10.70 pe¥ year; at 40 cents per gallon for fuel oil, four inches of in-
sulation would save $6.60 per year.”’ Although the addition of insulation
to existing water heaters is beneficial, the cost effectiveness of factory
installed insulation is much greater.?® i

}

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 jncreased efficiency.”"

The drop in efficiency as the result of pilot lights in oil and gas wate
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. '

Water heater thermostats are preset at the factory often as high as
150"F. '®  Normal household heated water use requires 140°F; howgver, if
the water heater services only baths, a temperature of only 110 F 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 1107F, ' - :

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 pnssib1ea (4) reducing water

; F for washbasins,

temperature; or (5) providing two systems (one at 110



baths, ahd,showers and, another at 140°F for dishwashi

ng and Iéundry)_

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 as washers and baths. . ‘ \

It is especially important to insulate hot water pipes which run through
cold areas such as basements and garages. Also, insulated pipes reduce
"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 Tittle 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 énergy
is” consumed. © It should also be noted that quick recovery units require
more energy per unit of water heated.3% 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 héaters, which use
electricity to provide hot water during extended cloud cover periods, the
cei]ecggr surface may be sized and designed to provide any amount of hot
water, 2%

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.]




Percent
; , Type of . Fuel Price Reduction In
~ Alternative Extent af Water Necessary Annual
. Measure  Measure s Heater  toVustify  Fuel Use

Increased 4 inches to electric 1¢ to 4¢/kwh 8.2 tp 11.0
tank 7 inches . = ’
insulation - 3 inches to fossil fuel 10¢ to 40¢/therm 21.6 to 25.0
- 5 inches : '

Lower hot per 10°F electric (a) . 4.5
water tempera- reduction '
ture fossil fuel (a) 5.8

Hot water . per 25 ft.  electric- 3,5¢/kwh 1.6
plumbing of exposed o , :
insulation tubing fossil fuel 70¢/ therm

Automatic y during . electric 15¢/kwh
water shut periods of . R
down - non-use fossil fuel 90¢/therm

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

3 ower hot water temperature is economically Jjustified at any fuel
price since it requires no additional investment.

Source: Reafdential Water Heating: Fuel Conaervation, 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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UNIT 4.5
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"OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECQGNIZE
: "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 non-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 inch-of
board type or 1.5 inches of wrap-on, good fibrous insulation or the
equivalent.3’” (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 leak.3® Some of the duct loss is regained by the |
house, but a significant amount is not. « '

Air-conditioning ducts located in attics are subgect to* temperatures
ranging from 120 to 140 degrees on hot'sunny days.>® It is customary
to insulate inside the duct (approximately one inch thick), but additional
insulation is-needed on the outside. 1In 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 "to 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 seasons, 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
tnsulate hot water pipes with one to two inches of fibrous insulation.

ADDIT LONRL

INSULRATION

Figure 50
Duct In-

sulation.




SOLAR TECHNDLOGY

‘TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THAT SOLAR TECHNOLOGY C%ﬁ BE USED FOR RESIDEN-
TIAL HEATING, COOLING, D 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 timé, it is not economically. Feas1b1e to use 'solar energy
for all of these tasks in homes throughout ‘the United States. Solar enerly
is most economical in areas which have high energy costs, scarce fuel
5%551195- severe c11mat1c conditions, and generous quantities of sunlight.

The sun's energy may be used by paassive 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.“® 1In the previous units, a number of passjve 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 most.valuable in sunny regions, since the sun's energy

cannot be collected when or where the sun doesn't shine. (See Fitqure 51.)
The sun's heat can _also be used passively to create vent1lat1on 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 diff1¢u1t to store for long periods.

In an active solar house, many of these problems can be overcome by us1ng
collector, transport, and storage systems. The collector absorbs the sun's
energy; then a fluid or air is used to transport the thermal energy to
.where 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 hogses.

Before selecting, purchas1ng. or installing a solar system, you need to
investigate it thoroughly. The Federa1 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.0. Box 1607,
Rockville, Md. 20850, or by calling (t011 free) 800/523-2929 or in

Pennsylvania 800/462-4983,

\
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Figure 51. Passive and Active Solar Systems.
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T : | APARTMENTS/CONDORINTUMS
CHALCTIVE:  TO ERABLE THE TEACHER OR STUDENT TO RECOGNIZE = j
THE SNERGY CONSERVATION CRITERIA TO BE CONSIDERED
WHEN BELECTING AN APARTMENT OR CONDOMINLUM.
- = = sem—— e e — - - —

e rvalion criteria are unique to apartments and condo-
vonsle-farily residences, aparteents and cohdominiums
criods or blocks o with several units in a building,  This
‘ ot opportunity to cave enerqy, Since an apartment
Fotsn adiacent to anolher apartsent or condonfinium
g St unbeated space on that side; for example, an
Lrent o has fower surfaces eaposed than an exterior or end
will regquire Tess Feating or cooling. It can be seen
Phat Eowhouoe Dohas Tes exposed surface than Rowhouse 1
poobennted on two Sides s Apartment B in Figure 52 hasieven
ceponed e bt s bounded on two sides as well as above and

-

3

r .
Anather ot ol an apartient o condeminium which affects the heating -

sk T Toad v the dovel or tloor on whith it is located. Due to the
ol That head e, apartiante on upper tloors tend to be warmer in the
wianter than thowe on Tower tloors: apartmonty on the Tower level tend to
Beocandr o the wuisea, However, it natural ventilation iy a major con-
cornna botton tioor o basement Tevel may have Tittle or no breeze,

H

< ,.';V,. :f.,‘, !?l\.» o _ .

witdon . and duors an apartments and cendeminiums ‘are seéldom protected
with wtors paneds o iy mabes the number, sv2e, amd orientation of - the
vortidows and doors arportant . Tor oxarple, an apartment in a4 cold climate

wWith ool D ot sandows tacing north will be mgch move difficult and expensive
Poheat than one inowhion the windings face wouth,  Care must also be taken
todetermane ot the apavtrent WAL be shaded by other buildings or by
et b o

S Drtt e can besdone to improve the shell of g condominium or apart-
senty oo gpreat care should be taken anoite seledtiont 1 the apartment or
comdoragra wa previeeus Iy o cupted, 0t would he wine to ask the cost of
heating st conling o previogs vears. Unusually high consumption (in kwh)
could Arbroate o oo ey contractesd Ghell. . '
Advies ale energy conservatton o the but hing owner, manager and other
Tenantc Hecrmrend added ancalation orostorm windows and doors i they are
necleds b tor weathersteipping and yaulkbing,  Report unnecessary enerygy
wiste ol open Tobby doors, mpreperly vented Taundry facilities, or

i .

Peated urined paen
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ORJLCTIVE T0 IZNABLE; THE TEACHER OR STUDENT TO FQFC';'I)GNIZF'* v
THE EMERGY 'TLF.‘JN?%EF{VMIUN CRITERIA YHICH MUART BL
COHLINERED WHEN SELECTING A MOBRTLE HOME , -

__ o I _ " _ " _ __ ___

- - - il

When you buy a mobile home, check to e {F it meots fhe Mobile Home
Canstruction and Nafety Standards ostablished by the LS. Dopariment of
Housing and Urban Development (HUH ), 1f A new mobile home meets the basic
HUD recuirements for insulation, infiltra fhm; and condensation gontrol, a
poraanently affixedaabel of cortification Should be found on an Interior
wal . The corvificadion Tabel will qive *he climate conditions the aohile
howo A sy ited for and the capazity of the heatine and cooling eguipaent,
Mabile hene bayers may alen conault the focal Mohile Home Assoc fation for
quisle lines in purchasing a mobi le home, <ite seleaction, and maint enance.
DY o e, L s wiae to ek oAt the wons reputable deatern oap an-area.

Mob i1 i home have woveral comien prohless related to enpray efficioncy:

thin -MH’:”;\r(t'”inirrl,’ Aned flaory detachment from the ground: metal ex-

P oy and elonga ted, compirtmentalizedd interiors, One of tho wost cost-
b fod Civir sneragy conneryat jon mea ey, fore mahiy ey homes 36 Lhee addition of
A oskirt or foundation, which encloses the area undm- the mobile home.
Propeel g dactalled skivting acts s added inculation,  Yepts chould bhe pro<
vided in the sbarting to allaow for b chroglat fonsto prevent moiat ure
Badtdpeand e provide adr dor che heating system, Alvo, <torm windows and

o ray b sdded, or The dastallatson of e bemi] plantic sheating will

reduce neat less and goans AVthoach it §o very difficult to edd insulation
cigsd s dosubation boards appljed=t Wbe anterior of e Do and one the

:

et e e pa CreaTarty hencGicials T s e Some ragid foan 1 very
ey ,!hh-‘;m*i Whocled net be ey checs he dmuta tion aamgbac Lure ' apecd -
hetson b Ao urethage o b speayed an the ront for fnnutating,

Bewever, 10 Ahondd be coat™lewith @ coader, Hat! Cinssldt fon cann be - s

bl bed under the fTaor. The ccmaartiopta laizod snteriors of wore polsd e
Bores fopede the flow of ar anc cake aeat ing and coniing ditfcait, On
the ochon band, the woace oo bowabd Te Faress o careful Iy ongrpoered to
chve e ermgn geahle o cooace wrthie he ot de dmensa e
N hl

Trop e b ol the Daler memee o 0 Totklear alag rediice snerqy con-
o, In el o Dimytens the long Todees Chem lé face north oanc outh 1
Paee calvantaon Gf the winter oo, ey, carport . e e o plant ings

Shon e Beoprovaded o the tot b ade fop waed pec tec tion, I the warner
chicare the Soag aacdes shodgld foes Aast apd v bty o e the com g
bracses Storm winds shoutd b avorded, [y Pianre 5200
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OLDER HONES

I

OBJECT IVE! TO ENABLE THE TEACHER OR STUDENT TO'RECOGNIZE T’
THE ENERGY CONSERVATION CRITERIA WHICH MUST BE
CONSIDERED WHEN SELECTING AN OLDER HOME,

i ————

S

Older homes have advantages and disadvantages in relation to energy, _
conservation, First, an older home has a history for heating and cooling
which shoyld'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 (remémber to adjust to current rates) and indicate the

relat ive 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 warranted. If the ceiling is uninsulated, a small
investment in insulation by the new owner can make a large difference in
utiTity costs. S : L ‘

~ertain features of older Homes may make them energy-inefficienfyp Very
old homes may not have any insulation and inadequate infiltration barriers.
{c.q., building paper, foil, caulking), The table below shows the. R-value
for the surfaces of houses as they used to be built and how they can be im-
proved for even a cold clinate. , . ’

- - T o5 =

 Typical ‘ ST
01d Houyse R=Value Retrofitted 01d House
o ._Surface ; RS e

Roof -3 insulate with 12" fiberglass, R = 43

Wall A insulate with 34" blown fnsulation, R = 18

Bas ement 10 insulate walls with 84" fiberglass or 2"
' " styrofoam, R = 20 _ '

insulate with 6" Fiberé]assiﬁR;f 25

L

Ground floor

Door , “ 2 add storm door, R = 3, substitute insulated
: door, R =10 '

Wi ndow , 1 add storm window, R = 2, add insulating
Shutters, R = 10

Source: Maine Audubon Society, Frergy Edueation Project, Falmouth, Maine.
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IVE:  TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
“THE ENERGY CONSERVATION CRITERIA WHICH MUST BE
CONS IDERED WHEN SELECTING A NEW HOME.

New homes are restricted by local bu11d1ng CGdES and frequent1y by the
FHA~MPS " (Federal Housing Authority, Minimum Property Standards). Although
these codes require certain construction materials and techniques, the
standards are minimal and usyally do not afford optimal energy savings, -
where "optimal" means the minimum cost of buying plug operating 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, 0f course, it is,
easier and less expensive to build in energy conservation measures than to
add them later. A1l of the features and’ practices discussed 1n Units
3 and 4 should be considered when buying or building a home. A]though
energy saving features usually tend to increase the purchase cost, the
increased mortgage payment will often be more thaﬁ QFfset through lower

)
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' 7o-ENABLE THE .TEACHER AND STUDENT TO RECOGNIZE
ZHOICES AND PRACThﬁES OF ENERGY CONSERVATION,

“WASTE, AND EFFICIENCY DURING FOOD PURCHASE,
STORAGE, PREPARATION, AND CLEAN-UP ACTIVITIES.

P _ R AR i o E— — _ I — ,’7 —— _q .
- 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.! As a vesult, 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 1s substituted for labor and natural soil fertility, the energy
deficit increases. o - ‘ o

In 1910, the energy content of food, produced in the U.S. was slightly
greater than the energy used to grow, process,; .and transport. the food.
‘In 1970, however, nine times as much energy was consumed by the food system
than was contained in the food praduced.? 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, transporta-.
tion, and distribution of the fogd that absorbs most of the energy. There- |
fore, it 1s wise to select food ftems carefully, as well.as to store and
prepare them efficiently. R

~ The nonie preparation of food accounts for almost four percent of the .
“total'U.5. energy consumption. The major: in-home eneray consumption for,
food occurs in storage (refrigeratinn'gnd freezing) and preparation
(ranges, ovens, and small appliances).” . - '

The storage and preparation.of food includes energy usepby appliances
‘both directly and indirectly. There is direct use of ene‘gy for refrig-
~eratiop, cooking, and dishwashing: The indirect use of .energy is for hot
water.iﬁg maintain a comfortable raom temperature where appliances are
‘operating, and for. manufacturing the appliances. Appliances and equipment -
account for 33 percent of the energy consumed in the home, - The water
heater, refrigeraton, and range are the top energy users. ' Included °
in the Appendix of this Guideis a. listing of -appliances and equipment
found in Ameriean households indicating their average yearly energy
consumption. : - U




FOOD PURCHASE .

UNIT 6,1 - | \
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OBJECTIVE: TO ENABLE THE TEACHER AND STUDENT TQ MAKE o _!' g
ENL [GHTENED FOOD SELECTIONS AND TO PRACTICE '
JUD ICTOUS - PLANNING, SHOPPING, AND BUYING |
TECHNIQUES, |

. Few people realize the extent of the indirect use of energy to produce
food--energy consumed in the manufacture of food-related equipment, manu- -
facture and transportation of fertilizer, pesticides, and herbicides; manu-.
facture, maintenance, and operation of farm equipment. The higher up the
food chain, the more energy is consumed by the product. For example, beef l
cattle are more energy-intensive than vegetables, and man is more energy-
intensive than cattle. (See Figure 54.) In an energy conserving’society,
a conscious effort would be made to shift from animals raised on feed lots
to animals raised on the range, from animal protein to vegetable' protein;
from-meat, fish, poultry, egqgs, milk, and cheese to soy products, wheat

germ, dry beans, peas, and lentils. (Figure 55) [SEE ACTIVITY L.]

The mor¢ direct energy costs of preserving, packaging, and transporting.
food are the moSt 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, and energy-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. . : ’ SR .

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 cans, ‘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 anqunt of bottled -cooking 0i1.% 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 barrels, vf 0il per day would be saved.6 o

- 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 vehicle--the

family car--to transport 30 pounds of’food several miles once a week is )

grossly inefficient. - To conserve energy, shopping trips should be carefully

planned. It is helpful to write menus for a few days or a week and then -

make a shopping 1ist. Consult newspapers, radio, and television for bar-

- gains. Since freeway driving is nearly twice as economical as driving in




ERIC

Full Tt Provided by ERIC.



Figure 55. Vegetablae Protein vs

. Animal Protein.
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heavy city traffic, Sﬁbpiﬁ:ﬂg tripy Ehﬁuﬁfbé' carefully -Cﬂﬂ‘ib"ﬁﬁdﬂlfthj
'om’nutigg trips.? Better yet, hikm or walk to a store in your lmmediate
SEE ACTIVITY M. ' S
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“refrigerators, refrigarator-feeczers, freezers, dishwashers, clothes

of Standards (NBS) to deyelop "energy efficiency improvement tarjets” for
appliances, These targets will be designed to attaid maximum energy ef -
ficiency by 1980,  Tha Act al-«o reauired the development of test pre-
cedures and labeling rules.  The new label ing iaformat fon is to include

"estimated amuz) operating cast.”  The appliances covered by the Act are
dryers, water heaters, room air conditioners, home heating eguipment,
furnaces, televisions, kitchen ranages and ovens, clothas washers, dehun i+
fiers, hanidificers,ah-d contral aff conditioners.!' Thase labels sheuld
SO0, Ka-watch For therm along with impreved

£

appear on hew avpl fances
applianca efficiencices,

Betore buving a row nﬁf:)lfanc;n, find out how much encrey it uses zompargd
to ather wadels.  Loex gor the Eqergy Consurption Label, Make certein the
capacity suits the needf-that it has the features suited for your 19 fe-
style.  for exagple, o frost-7rea refrigorator rejquires mora enerqy than
a standart model, but it the ownar of o Standard medel 15 unable to mafa-
tein 1L, Lhe enerdy coits cobid s great.  Consider anitial cocl. 2reray
consumption, capacitly, and timesaver featuras he<ore buving an appliance.
fnergy saving devices should ol be considercd. A new refrigerator with
a "power-saver switch' 15 availaale which gives consumers Tiving in air-
conditioned or nontunid oems the option of seving up 2o ih percent o the
appliance’s enerqy wse by switching oft the ml>ion heaters, which are
siall resistance wires used to haat arourd the doar oponings te prevent

swoatdng when it i hunid. 2"

The use of revricerato=s and freczers craatly affects thedr energy con-
sumption.  Cooling appliances should de located away from heating equiprent
and direct sunlight,  The temperature controls <houla be proporly selt.

Turn the contro¥ to the whymest setting which will keep food oroperly pre
served.  Use a thevmometer Lo check the temperatuye; 00T for the freeszer
and 35-45"F for the’ refrdgerator are rvecommended, V™ (Cautiop: T is
dangerous to store perishat.le foads at temperatures above 45" 1) Spt

the control dials a coupie of se<tings warmer when dway from neme o weekend
o more.  Since the door wi 1l nos be opened swhile yon are gons, @ ware e
setting will heeo the food propecly enilled, It a second refrigerator -y
ased only during one weason, unpug 15 for the balance of the year.

Freozers and rafefgeracors cpevato most ef ficiently when rillec to the
correct capacity . However, doe nob overload the refyigerator as this witl
keep the compres-or renn ng mere than it should,  Food shoubd be placed
shightly apart on vefrigerator shelves for corvec? Sivculation,  fhe
freczor should be kept % tull ae possible to prevent heavy feing,  Jover
all Tiguids storad In the vefefgerator (espectial v frost=free models )
Moisture i drawn inte the alv from uncovered Tiguids, making The sefrig-
erator work havder. Floally, anless a reaipe reguives quick chil Ting or
freezing, let hot rapd cool before placing it in the refirigevator or
frreczer., (Caution: Moo iy not be safe to eat if held far WUNE than
dhree or four houars at temperdtures between a0 and reah O

Open and close the refrigorator and riacer doors only when necessary,
. § N R o . . .,
Several items can be remeve:d at enee o roduce loss 60f cold asv. By

i CV_‘A%X‘ ] 3 7
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The gaskets-around the doors should be-kept in good condition. To chrck

keeping @ Tist of the location of foads in the freezer, the freezer dcor
can be kept open a minimun amcunt of time.

Fointerance of refrigerators and freerers also affects their efficiency.
the gasket, closa the door on a piece of paper. If it pulls ocut with no
drac, the seal is bad and the gasket should be replaced. On <elfidefirost-
ng refrigerators, keep the condensate drains cleaned. Cn all mode 1s keep
conder:sor coils clean for maximum officiancy and conservation of enerqy.
Tha dust attachment on the vacuum ¢ leane= can be used to clean the. conden-
s0r (Tocated at either the bottom or rea= of +he unity;. Dus® or the con-
densor and coils causes the appliance to run tonger. The freezer should be
defrosted tefore frost becemes Y -inzk thick to avosd wasting enerqy by
overdersing the compressor.  [SLE ASTIVITY N.C . A

Care shaule be taken to asnure proper air circuletion around retfricerater
and froczar coile and compressor. As the unit's heat exchangers Gperate,
Lhe syrrounding eir is heated.  Without proper circulation the air zempera-
ture around the exchanger becormes overhested apd the efficiercy of zhe unit]
is diminishad.  Under extremie condicions the compressor may “bhura out.”
Refrigarator, and treesers should not be placed in closets o small raoms
With poer circulation, 12 iy hoelpful to avoid placing the equipment, in
Corner:, - ~
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UNIT 6.3 .

P i i

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO SELECT, USE,
AND MAINTAIN COOKING APPLIANCES AND TO PRACTICE
FOOD PREPARATION TECHNIQUES WHICH FOSTER ENERGY
CONSERVATION,

_ T p— I . I i ,., : - . {

~of foods.  Although ranges do not now have energy consunption fact tags,

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
praparation practices.

The magor enevqy consimer for food preparation is the range, which ranks.
Yo urth after the heating/cooling system, water heater, and refrigerator in
horie enerqy consumption. A3 can be seen from Appendix C, the other appli-
ances used for food preparation (blenders, broilers, toasters, coffeemakers)
use very little energy compared to the range. Therefore, the range of fers
the greatest opportunity to conserve, ' )

The first consideratdion is the selection of a range. Ranges are rela-
f1v01v ef ficient appliances. Surface units on electric ranges are about

76 percent efficient and upproximzte1v 55 percent of all food preparation
is done on surface uni=s.!® Cooking inside the oven is generally a more
ef<icient use b¥ energyy since the heating is intermittent, much heat is
rezained within thpfoven walls and there is less convection loss. !? Due to
the necessity fordoven ventilation for qood baking results, oven ef ficiency
could be increased only minimally. However, self-cleaning ovens, because of
their additiunai insulation, require less energy to operate than standard
ovens,  Also, microwave ovens are quite efficient for cooking certalin types

they will be labeled in the near future just as air conditioners and refrio-
erators are.  For the time bedny, the consumer must rely on neputabde
manufaczurers and dealers when selecting cooking

In addition to efficiency and quality of the unit, *he consumer should
cons ider fts appropriateness for the family's Yitestyle. The use of over-
sized undts s very inefficient.  Microwave ovens, toasters, cotffeemakers,
and other small appliances should be us;d when appropriate. , There has been
some question as to how much energy a microwave oven could <avv and tests of
efticiency are being done now. Consumers Institute has found that i cro-
waves off2y: the greatest energy savings in cooking small to mﬁd1um quant i-
h%ﬁﬁ uf concentrated foods such as meats, potatoes, desserts, and TV din-
ners, U but their studies indicate some fDDdS actuallv re quuﬁi1nnrv enerqy
in o microwave cven than cooked convertionally, Some of the Lest resulta
are given on the following page: 1
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Faod Energy

Cooked, in Microwave Oven  Consumption ) .
4 Baked Potatoes 60.7% less than ccm*
1 Frozen TV Dinner {11'; 0z.) 79.3% less than ccm
Casserole (4% cups) . 58.4% less than ccm
Summer Squash (16 oz.) ' 58.4% mare than ccm
Peas and Celery (3% cups) 46.1% more than ccm
Frozen Broccoli (10 oz.) 30.2% more than ccm

*cem - conventional cooking method

L Y

[SEE ACTIVITY 0.)

Gas range pilot lights have come under recent attack due ‘to their energy
consunption (%/3 to 1/2 of the total gas used by the range.)>! However, in
addition to providing a starter flame, pilot 1ights 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 fhe gas were used to generate clectricity, about two-thirds of
its energy would be lost at the power  lant alone. Appliance manufacturers
are seeking to reduce the emergy waste of pilot lights by using smaller
flames.  Also, electric ignition is currently available on at least some 4
nodels produced by the majority of gas range manuyfacturers.

The key to the cost of operating cooking appl anc2s is the way in which
they are used. The consumer has the opportunity ic exert a great deal of
control over the energy consunption of the range, cooktop, or oven. First,
cook ing appliances should be used as they were  intended:

1. Don't use the range for heating the kitchen. This wastes a 1ot of
energy since the range is not an efficient space heater. It is also dan-
Jevo us !
2| N \,s“/

2. Don't use the oven as a dmger, It is not ecomomical and it can
start a fire, o

J. When cooking only small quantities, it is usually more cconomical
to use small appliances rather than the range top or large oven. Toasters,
watfle irons, skillets, grills, popcorn poppers, tondue pots, bean pots, and
coffeemzkers use less energy for their specialized Jjobs than does the range.
[f you kave both a small and large oven, use the small one whenever possible

4. Preheating the oven is often unnecessary and may be a waste of
enerdy.  Whan preheating is requiged, or when baking tine is only a few
minutes, avoid preheating for longer than 10 minutes. - Use a timer as a
reminder that the oven is heated.  Surface units should nutlﬁﬁ preheated .




" wasting heat.

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

i

Fut<EDﬁégﬂﬁd?ﬁaﬁﬁsﬁﬁ‘tﬁ8@¥aﬂge top before the heat is turned on to avoid -
5. Don't be an oven peeker. Every time the oven door is opened during

operation, the oven temperature drops 25 to 50 degrees.?3 A range with
an oven door window might be a good investment for the "peek-a-boo™ cook.

6. 1f food must be kept warm for extended periods, store it in an
oven set no higher than 140°F to 200°F. (Caution: Food may become
contaminated if kept warm at temperatures below 140°F.2%) A food warmer
built into the range usually requires less energy than the »¢ or surface
unit when used for keeping food heated. Foods, plates, and platters can
be warmed with the stored heat remaining in an oven after baking with no
additional enmergy use. A ceramic tile warmed while baking can be used to
keep. rotls hot during the meal instead of keeping the oven on or using an
electric bun warnmer.

7. Brown 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.

8. Use a timer with a loud bell to avoid ayéré@oking and wasting
energy.

9, Take advantage of the heat-sensingselements on gas and electric
ranges to control the surface unit. It allows the unit to cut off the
enerqgy supply and coast occasionally while still cooking. Electric surface
units can be shut off a short period (5 minutes or so) before the food i<
done. The food will continue to cook from stored energy.

10. Remember to turn off all units immediately after use. A warning
light 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 vent fan can exhaust heated
air directly to the outside and ease the burden oh the home's cooling
system. But don't let it run needlessly.

The proper selection and use of cooking utensils can afford additional
energy savings. The following considerations should .be made: y

1. Pots and paps should fit the surface unit. The bottom should
cover the heating element but not extend more than an inch over the edge.

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.

i [ 3

2. To ensure minima) 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.

141



3. Ceramic, glass, and stainless stegi 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 teflon-
lined utensils for frying or pan broiling on top of the range. i

5 Use a tea kettle instead of a ﬁaﬁ for heating c& bni?iné water to
avoid heat loss through steam. : o :

6. Cover saucepans whenever possible. Food will cook faster and a
lower temperature setting can be used. Be sure the 1id fits tightly.

Care shoyld be taken not to use'energy for cooking appliances unneces-
sarily. Heating water and thawing foods are the most common causes for
waste. The following tips can help avoid unnecessary energy ‘use:

1. When heating or boiling 1argé 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 nore energy and lessen the nutritional
* value of ¥oods. 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 1id. 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. Broiling meat is faster and more efficient than other methods.

Energy-conscious cooks schedule and plan for the most efficient SE% of
the?§ 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 temperature (350) and cook all three, making a small al-
Towance 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 sauce, 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 skillet with foil inskrts, several dishes can be
prepared simultaneously. Yo ,

4. When baking or cooking foods with extended cooking times try to
avoid "peak hours" (8-11 a.m. and 48 p.m, are usually the peak hours).2®
During peak-hours,* utility companies often use less efficient means to
provide for the higher demand for glectricity. . T

Proper maintenance of cooking appliances is also important, not only to
conserve energy but also.for safety. Clean appliances work more effi-
_ciently, more safely, and certainly more hygienically. Proper inspection §
of equipment will help insure efficient operation. The. following 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 sh@ufd have a
steady:b1uexflamei- A yellow flame means it needs attention.

3. Make sure the pilot on a ¢as vange is properly adjusted. It may
be using more fuel than necessary. _ -
4. Have faulty switches, burners, and thermostats fixed promptly and
professionally. Check the oven thermostat every six months with a ther-
mometer,
5. Make sure oven door seals'are tight and not leaking heated air.
6. Air filters on exhaust fans must be cleaned periodically to work
effectively and efficiently. ‘




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, o

" 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 clearmring 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 heat 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 quantity 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 voluntary'.energy and hot water consumption in-
formation before buying a dishwasher:” 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 Uﬂtii’the dishwasher is full before washing to
avoid fuel, hot water, and detergent waste.2® Be careful not to overload
- the unit or block the circulation of water. Consult the operation manual.

2. Scrape dishes but do not riﬁse-them before loading the dish-
washer. If rinsing is necessary, use cold-water.

3. Use only dishwasher detergents. Other cleaning agents can block
the washirfg action, causing overflow and requiring a second wash cycle.

Also, use the proper quantity of detergent. o . L
_ o . T

4. Partial 1oaéjcyc?e5; rinse-only cycles, mid-cycle turnoff, and
other special- features are designed for énergy conservation as well as
convenience. One modification, a dishwasher power-saver switch, can cut
off approximately 8 percent of the 'total enerdy consumption (both hot water
and operational energy).?? . :
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‘5. Dishwasher drains and fiifers‘mgst 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 final:.rinse and before the drying
cycle.30 Let thé dishes air dry. After the .final rinse, turn off the
cantrn] knub of the dishwasher and open the door.

7. Don't use -the dishwasher as a plate warmer.

8. On hot days.use the dishwasher at night or in the very early
mﬂrn1ng to avoid extra heat in the house during the day. Automatic
timers may be attached to the dishwa#sher to avoid "peak load" operation
(usually 4-8 p.m.) and thus to help the electric utility in its pr0b1em
of meet1ng peak demand.

energy H

1. Use two containers, one for wusiing 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-
~dried dishes are more gern-free than those dried with a tcwe1)and avoid
“‘adding dish towels ‘to the laundry (gﬂd energy) load.

The use of campactars 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
disposal.’! ~
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also he washed in cold water, and all synthetics require lower ironing
temperatures than natural fibers. -Soil repellent fabrics not only require
Tess frequent laundering than regular fabrits, but are easier to clean.
Read the garment tag .carefully to determine the proper care procedures.
Rementber, "dry clean only" fabrics are more costly to c¢lean, bdth in money
and energy, transport to the dry cleaner, use of dry cleaning chemicals,
mechanical equipment, and plastic bags for protection. [See Figure 57,7 -

Before buying, always try on ready-made clothing to check for fit, ap-
propriatencss 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. L : -

MACHINE
WASH oD
TumoLg DAY
Low HEAY
NO  IRON

Figure 57 - Clothing Labels R




UNIT 7.2 ‘ R '  CLOTHING ‘CDN‘%TRUC I'TON

T et —— Smm—— Qéséﬁiif{' ;:xf'&ﬁ
COBJECTIVE: TO ENABLE THE TEACHER OR STUNENT TO RECOGNIZE
PRACTICES FOR CLOTHING CONSTRUCTION WHICH WILL ¢

HELP CONSERVE LNERGY. .

The uses of: nnvvqy foir clnthlnq cons trurtian include vlvctr1rlty fnr
electfic scissors, sewing machine, -hand iron and Tighting. The major
enerqgy user is not the sewing mﬂ(hlnv but the iron.  (See Appendix A)
Therefore, thought <hould be given to ways to reduce pressing time, the !
number of pressing sessions and the !vmpuraiurﬂ setting of the iron,

It i bengficial to stiteh as much as possible hefore pressing. [f the -
same color thrbad can be used, two or more gqarments can be worked on at
the same time.  Several seams shoul@™he stitched at the same “itting before
pressing, Do as much pressing as possible at one time and tarn. the iron
ott between pressing sessions.  If Lthe pressing cession will require a lot
of Lime, turn of f the sewing machine Tight, Alviays select the proper
temperature on the fron for the fabric you are sewing to reduce the need
for-vepeated pressings and the danqger of scurching.

By wtilizing natural light, Lhu need for artificial Tighting may beé
avoided.  Place the sewing machine vear a window and sew during dnyllth
*Natural light may be used for cutting and pressing as w(]l

Electric woisnors use vwry little enerqgy ﬂnd'prnvidr the advantage of
cultting soveral Tayors of cloth at the same time, ' However, use Lhem
frugally. They ars nol npprnpriatﬁ for all tuﬁthﬁ; Jqobs.

To operate efficiently, electric vqulpmvnt mus o be pynpzrly maintained,
Consult the manual for the sewing michine to determine ite maintenance
requirements Keep al U equipment. clean and free of lint.




CLOTHING CARE

r
\Q-\&JEQTI:V‘E:,\ TQHZXABLE THE TEACHER OR STUDENT TO SELECT AP-

PLI

ENERGY CONSERVATION IN THE CARE OF CLOTHING.

NCES AND RECOGNIZE PRACTICES THAT WILL FOSTER

=i

Homp care of c1athinq 1nvn1vnf the use of applian;ef which consume
electricity-and hot water, The largest portion of the energy used for

+ | home laundering is used to heat water. The largest contribution to

“energy conservation in the home could be 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 hedt water. A savihgs equivalent of 100,000 barrels per day (BPD) Df
.0i1 could be arh1evgd by the nation if cold water wa;hing were adopted.”

I the U5, the ayerage hotywater temperature is 130°T; warm water

temperature is 105°F; and cold water temperature is ar0und 60°F. Water
Lumpuraturv curvently used in home laundering in the U,S. are:  hot
nter, Eﬂiﬁvrrvnt warni water, 50 errQnt, and cold water, 20 percent34

. There are a number of eneryy anfPrv1nq fpafuréf to lTook for when
purcha31nq appliances SU(h as wu hers, dryers, and ironé:

ot F

12 Look ‘for cnrt1f1cat1un chlg, QULH as Underwriters' laburat0r1ﬁr
(UL:), Assdciation of Home Appliance Manufacturers (AHAM), and American
-(h:- ‘:; ¢ l\ c F i 05 1 . : ‘

1 A QLI]LIUH woratori fes (AGAL): N o e

S
7/ AR NG,

2. Inquire about the amount of hot water and ¢lectricitly required to
complete ¢ normal cycles thorﬁ are. differences 1n these respects amnnq
the washers on the marke

3. A "sodk cycle™ fPatU$v on’ d clothes washer is an enerqy saver.
If can be used ‘to loosen atubbor‘n fra1n§ 50 heav11y soiled clothes need
to be washed just onge’

4, Design of the;washér shiould permit a pértia? filling of the tub

"whvn Tess than 4 full load of wash is to be done.

5. Select a washer with adjustable wéter controls which allow the user’

to select the water level to match: the $ize of the ‘load. -~ ,

S
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6. Maﬁy washers have “adjustable wash-time controls. By matching wash- .
time to load and soil levels, washing Tonger than necessary can be avoided.

7. The automatic controls on the washer shou1d’perm1t'rinsingvta 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 loads, These 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.®

. 9. Permanent press cycles on both the washer and dryer use lTower
temperatures than regular cycles and are especiallydesigned to avoid
~ +J 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 underloaded
Targe.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 Toad in an automatic
washer) in just 22 gallons.. However, both the wash and rinse water can

" be reused twice. This can save as much as 63% on water used for laun=
dering, ) L ’ ' : : L

!

11.  Dryer$ should be‘equipﬁed with a buzzer to indicate when clothes
are dry so they can be removed before wrinkles are set. -

12. The most .accurate tybe of control for dryers is a moisture sensor.
It automatically shuts off when clothes are properly dry.

) - ) - X ) 4 o . L
13, An "air fluff" cycle dries without heat. This can be a big advan-
tage in drying delicate fabrics or feather pillows. g ;

14. A “"damp dry" setting on the dryer saves energyxbyrreducing drying,
time and allowing clothes to be removed when ready for ironing. R

ER Look for an iron with fabric settiﬁgs(ta ingure‘tﬁe proper tempera-
~tures to avoid wasting encrgy and scorching. S

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 sacrificing effectiveness. The units must be
properly maintained to avoid operation inefficiencies which will require
more encrgy to do an effective job, The following operation, maintenance,
dnd practice tips will help reduce the energy demand when laundering:

e e




1. Read the operatian manua1s For your washer,‘dryer, and 1r0 and take
advantage of energy saving 1nstruction5 Read ma1ntenance inst uctions
and Fgllcw them careful]y ,;L

2. The major “cost in- washing c1othes is the h@t water used. - The more
wash that can be done with cold or warm water, the more eneygy that can _
be saved, Always rinse with-cold water. Sart c10thes according T@ fabric
and degree of soil since permanent. press and washable woolens.and lightly
soiled. clothing can be washed in cold water. There are a numher of cold
water detergents on the market, many with ggrmic1des which take the place
of hot water for k111ing bacteria. [See F1gure 58 3 L _

" WATE R
DETERGENTY,

Fiéur‘e 56 - Cold Water Washing- - , o

3. It is a goad idea to Tocate the washer near the Water Qeater to
minimize heat loss in pipes. . And be certa1n there are no leaks between
‘water heater and washer. - L o :

e B
H

4. Buth the washer and dryer must be propér1y 1oaded CoT1ect laundry
until there is a full load. Automatic washers and dfyers go through the
same cycle for a full load or a single item, unless they are ‘equipped with
a small load of mini-load cycle. -Be careful not to overload. Overloading,
reduces the cleaning action of the washer and thé dryinq action of the
dryer as well as resulting in more abrasion, lint," and wrinkling. Varying
the size of the garments in a fu11 lToad allows for freer circulation in
washer and dryer.

.

v“ [ ) . . . ) ‘J.
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S { Use the special features on app11aneee te conserve energy, i.e.,.
;hert cycles, mini-load cycles, cold water rinse, suds- savers, seak eye1e5,

t1mer ' me1sture senspre, se]eet1on eentre15

6. Use the apprepr1ete weter 1eve1 water temperature washing time,
drying temperature, and. drying time for the type and size laundry load,
Separate drying.loads into heavy and Tightweight items., Since the lighter
ones take less t1me to dry, the dryer doesn't have to be on as long. .

.ff .

7. Dryers sheu]d be installed in a Warm place to reduce the amount of -
heat needed; i.e., avoid placing dryers in unheeted areas such as gerages
‘and .utility rooms. , v ‘

8. Keep the ‘1int screen clean in.the dryer remove lint after each load.
[f the washer does not clean its lint filter automatically, you mugt
clean it after each load. Check and clean the dryer exhaust on the
outside of the house eeeasiuna]?y

' ‘9. Dry clothes in een;eeut1ve 1eads to take advantage of the heat from

prev1uur loads.. Sme]] 1tem5 mey be dr1ed on the. tered heet from a pre—-
vious Tload, ‘ et :

10. w1th the use ef an e]d fashioned c1ethee 11ne (a preetlea1 So1ar
enerqgy device!), the energy consumption required for drying can be
eliminated. .Sun- dry1ng also has a germicidal effect, ddgs needed hum1d1ty

“in the W1nter or in arld e11matee, and makee 11nene smell Freeher.

11.  Damp dry1ng saves ‘energy and prepare e1ethe5 Fer 1ron1ng without
sprinkling. Natural fibers such as cbtton, wool, or linen need a small
amount of moisture to avoid Fee]1ng harsh and becomifg wrinkled., Over-
dried clothes are d1ff1eu1t to iron. - S ——

12, By remov1n clothing and 11nen5 prempt1y frem the dryer and fo1d1ng
or heng1ng then %‘rei 11y, many jtems w111 require 1ittle or no ironing.
Some dryers are euuipped forwdveral minutds of "fluff only" with inter-.
mittent signals -as a reminder to remove permanent press 1teme befere '
‘wrinkles 5eL o , ) . :
2 B iy i .

13. Hand 1ronf consume as much energy as ten 100- watt light Bu1bs
Time “can be. redueed by 1ren1nq large batches .of clothes at one t1me,
avoiding heating up the iron ‘several times, ironing fabrics which require
Tow temperaturetadur1nq warm-up and cool-down periods, and turning off
“the iron when 1nterrupted for -any length oF time and when F1n1shed

14. Usé the lowest "iron temperature required for each Fabr1c Fer T
example, synthetics require the lowest temﬁerature, silk and wool require
medium temperature; and cotton and linen require high temperature.. Match-
~ing the temperature setting to the fabric prevents scorching or under-

4 pres emg :
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CONSERVED FOR:

-

TO. ENABLE THE TEACHER OR'STUDENT TO RECOGNIZ
WAYS . IN WHICH ENERGY. 15 CONSUMED AND MAY BE.
BATHING AND GROOMING., . ‘"

.offering a significant: potenti

- Coage oy . L . P

. Bathing ‘and grooming activities consume energy for. hot water and elec~
trical equipment operation.. The major consumption is. for, heating water;
al for savings in.an avea‘overwhich the s
Also, the current popular--

“consumer may exercise-a great deal of-control.

ity of a wide variety of grooming and beauty aids which require electricity
Savings can be achieved '

.-or hot water increases the demand for energy.

~through energy=con5ekyﬁng‘fixturesigéqqibmént,?pﬁﬁéhaSEupréEtiges,Jand,usesi

Vi




TO ENABLE THE TEAEHER OR STUDENT TD RECOGNIZE
THE WAYS- IN WHICH ENERGY IS CDNSUMED AND MAY
BE CDNSERVED FOR BATHING,

OBJECTIVE:

The Nat10nai Bureau Df Standards (NBS) reports that bathlng accounts
~for 42 pércent of  the daily use of: hot  water in the homéd’ 1. Approx1mate1y
- 88 gallons. of water per day are cﬂnsumed by the average family in the o

United States for bathing (see Appendix B) and the average point-of-use,, -’ﬁ
temperature is 105°F.%..The energy CGnSumed for hot:water-used when. bath1ng sl
may be' reduced thrcugh technu?ngy and frugaT consum ﬁ“practices Some . ¥
5uggest1ons are g1ven Tn this unwt ‘ L §§ _

H s R

The average shqwqr Ses e1ght gallons of water per minute. Thert are
shawerhead flow cdntrol devices which can cut the flow to three gallons

- of water per minute.’ The reduced flow rate is compensated by increased

" pressure to insure effec¢tiveness. By, 1n5ta111ng a flow restrictor or a
. new showerhead with a smaller flow rate and. h01d1ng the duration of two :
showers to 5 minutes each, a reddction:of 30 galilons per day of hot water

N | couldrbe realized.” At present ab@rgy rates, this would résult in'a savings

- device, DPEHS wider to maintain a, eﬂngtant f]qkﬁgﬂ"

} encouraged to reduv

per yéar of $10.25 for gas- -firedjwater. heaters, $20.00 for 011 F1red Wwater
_heaters, and $36 00 For electric water heaters 3 7 R r

Many dev1ces are available to Timit the f10w of water from showerheads
A sinple washer is the Teast expensive, but more &laborate flow restrictors {:
are ava11ab1e which-maintain a constant. flew ﬁ&11f§ pressure drops, thei -
L ’ e B |

, It i Somewhat imreartical to exggct peop1e to ‘reduce the number or -~ T,
temperature of the . i or showerswsignificantly, but they should be et
= amouht of water they use...A signifitant sav1ngs‘”
-could be achieved i: .isumers would take short shower& as opposed to -
lengthy: Shcwers or tub baths. A short shower uses ]ess hot water, thus
less energy (SEE ACTIVITY Q ) »

1 A fu11 bathtub requ1res about 36 ga11cns of water . The minimum water Yevel
| for a;bath {to allow for proper rinsing) is about 10 to 20 gallons. Taking a
"@f1th the water running constantly requires;eight gallons per minute
_w1tﬁbut a flow control device. That means 40 gallpns 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 r1n51ng cff an1y about 4 gallons will-be -needed!.

t
RS
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‘df The use of het water at the bathreem lavatery is anether source DF energ
consumptien. ‘The typical lavat¢ry faucet permits a flow of five gallons
per minute 'when wide open. With the use of an aeratuor or .spray tap, the. 7}
. flaw 1s reduced (m1x1ng air with water makes the f1pq seem larger than it |,
is)' Aerators’ can reduce water teﬁSumpt1en at bathrogm lavatories by k!
25 percent F]ow restrictors may also be used on lavatory: fauegts, giving §-4
3953V1ng§ of about, 25 percent. It is estimated that a-spray tap can save
. 50 percent over standard faucets.® Spray taps are more commonty -found jon
bl J kitchen sink faucets than bathroom Tavatory faucets; however, because of
b their eneérgy savings potential, they may become more popular:) (A niaximum -
, temperature control device at the point of use may also reducé enérgy )
T consumption by limiting the flow of hot water. Its main purpose, howaver, . *e"
is. as ‘a safety device to avoid scalds.) Aerators, spray taps, :and flow - § = *
restrictors, though they vary widely in price and type, are all qu1te cest= ) o
' effeet1ve . , . ;n _ ) : ;

:':;-l}":. o 5 . (\ .
‘0f course, every effert should be made to av01d leaks, part1eu1ar1y-<-
‘from hot water faucets. . A hot water 1eak not on]y wastes water, but a1se )

the enengy requ1red to heat 1t

L=

If consumers demand other methods end 1mpreved teehno]ogy in: regard to .
hot- water consumption, several possibilities exist:for deve]opment One
of these'is the improved design of tubs, shower stalls, and lavatories.
- These fixtures could be-insulated, made of a material which feels warm
= .} and will 'not absorb or traﬁsm1t heat ,: and shaped to f1t the bedy more
closely., - - _ C e : Y .

3
: Another wey to reduee hot water 1s by mixing het and ce]d water at.the *
4 water heater instead 'of ;adjusting.the ‘faucet. Th1a can be accomplished by
: ad3ust1ng the valves on the water’ heater wh1eh are-set te determine f]ew

' rate -and- temperature 7 PR VL

- . . .t ! P .
] = i.' ; v . : [ ’ Y
i Y N

dg

'Q Rese&reh is now underwey ih the erea ef weete weter ree1amat1en It
“may be possible to reclaim the heat from ‘the waste water ‘from tube,
fehewere, and 1eveter1e5, as we11 as. o ree1e1m the water for f1u5h1nq -
st011ets : _ :

, Fo11ew1ng 15 a 115t of scveral t1pg Fer av1ng energy and hot weter |
‘when beth1ng ' _ :

-

. Take shDrt shewers 1nsteed of bathf

Q:Zig Reduce. the duration of showers.

T B 3. F111 the lavatory W1th warm water, rather than allowing it to
K run when wa5h1ng or shaving. *

N During winter, allow the weter for bathe to te01 (re1eaeing heat
to the bathreom) before dra1n1ng ’

U




5. Encourage mémbers of your family to batﬁe one after the other
together) to take advantage of-the warmth of the fixture (and room)
from previjous use. : . . ,

6. Avoid drafts near the tub or shower which would enchurage the use of
a higher water temperature. C _

7. Check for leaks around fixtures.. | b I Lo

0




OBJECTIVE : TO ENABLE THE TEACH&R OR JTUDENT TO' RE COGNTZE
WAYS IN WHJCH ENERGY‘ 15 CONSUMED AND MAY BE
CONSERVED FOR GROOMING. ,

hr09m1ng 1nvulvvf the consumption of hot water, electricity, and petrﬂs
leum products. Although the quantity of energy consumed for one ‘grooming
prute 55 or. beauty. product may be small (;EQ Appandix A), when many pieces

of Jequipment are involved, or when enerqgy is wasted Lhe costs mount up.
T e -following beauty aids and equipment are commonly used for qrnnminq
sqlectric shavers , ﬂ1prtrbf hgir dryers,ialectric hair curlers and irons
Fioloetric: cﬂwrhbru%hng; elactric water pump tooth-and-qum. cleaners, antact
1pn4,autnclavv , electric make-up mirrors, electric. manicure:sets, electric
facddlmisters, and electric shoe. buffers/polishers:,  This does. ot ineTyde
i kha. hdrhrnnm or dres 5ing-area «equipment which may he in operation; lights;

heaters, ventilators, 5410 Tamps, heat lamps\~air conditioners, .and dﬁhumid-
ifiers.. The popul se 0f these items, as wellwas the extravagant use of
hnnuiy prndurtr (wxﬁrh are pﬁfrnlnum prndurtn for the most pdrt) {5 an .
Cindication of the Jabk 0F energy conservation Awareiess whiLh cyrrently
prev&11g in the UHILEd States. ShL

JThe 'impTP: . most t dirvect ‘way to rﬁdure th nnvrqy used an ;réuminq isi
Cto Limit ‘thesuse of+ equipment which requires electricity, - Anbther: Hdv\toe
reduce enerqgy consumpLion-is to restrict the usé of hot WJfET Alﬁﬂ. d
reduction in . the qudintity of pvtrolvum products will indirec ly Savir
Thv f0110w1nq arg. Llp, Lﬂ aid in . saving Cnvrthwh11v qrnnmlnq *

o

.'j

]. Whrn no lonqer in. u vqutpmznt should he turnnd ﬂff,_dleU”HULL(d J_'[%
and stored (out uf rvdiu QF yuunq ch|1drﬁn) - PO ’

! 5»
B

2. tlectric vqulpmﬂnt should hv properly malntalnrd (hﬁ(k fDr fdu1ty
wiring, dld];; Lhnrnm)tdts, and .ndlf vap wqulpmﬁnt clean,

230 Use vqunpnvnt Unly when necessary. inr vxamp?c, air dry haiv when
pos sible, brush-your teeth "by '1drﬁ1 " dlﬂl ;;n] ish’ V()ur shoes "hy hand. :‘

.

4, Keep 1ﬂnhT leturn* r1van

5. Keap exhnurt fans: dnd vasﬂldrnv " clean. i% ;

6. Avoid uvcrhudtlnq the bathroom, An.exhaust fan may be used to-remove ‘
excess theat and moisture frﬁgld Bathroom more efficiently than bv air~condi- -,
‘tioning, - , o -

LI /.

\-ﬂ' . ®



7. -An dlectric ‘shaver may be more energy. rnnsprvinq than shaving
not qumrnfidn

with a blade 'if a great deal qf hot watar is. w*nd
ihavinq rrﬁﬂm.
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OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO REALIZE .
L HOW ENERGY IS CONSUMED BY ENTERTAINMENT DEVICES.
AND. HOW. ENERGY COULD BE SAVED THROUGH IMPROVED
ENTERTAINMENT PRACTICES. . .=

fx - : - . e - 7‘7 — . e 77!"_” m—

*thc set on or changing the i mnel. but in keeping parts of the set on

HDJ@ entertainment for the most part means watching television, listen-
ing to a radio, or p1ayg g tapes, cassettes, or records. In 1970, the
perient ofUU S househo 5 aving te1evisian§ was 94 7.1 Thé 1arge number
alarms LOHSE!V@tIDﬂ]iEQ ) Energy could be saved if more Amerlcans wou]d
entertain-themselves. A return to reading, card games, table games or
dven -good conversation would reduce the .amount of energy used for enter-
tainment, ‘ cee

In addition to a reduction in the use of entertainment devices, it is
important to garefully select thewo devices. Color television sets use: -
about twice as much enerqy as compirable black and white sets.’ Also
"tube type" sets require about twige as much energy as camparabTe soljd
state scts.d Extra features such as "instant on" and wireless remate
control require more energy. The extra energy is not consumed in’ turn1nq

aldthe bime--even when the sci is turned "off."" (See Appgnd1x A.)

' Enerqy consumption information for tape decks, record p1ayers, and radios
varies’ qreatky, depending on life style; however, when selecting these
devices it i§ wise to choose a reputable dealer, Took for the Underwriters
Laboratory (UL) tag (not only 6n the cord but a];u on th unit), and
(3i1siQQr paying more initial cost to save money in npﬂrat1nJ costs. .

The way in which entertainmeént devices are used.and maintained also
affects the amount of enerqy consumed. One of the major problems is
Teaving equipment on unnecessarily.  Neved let the television, radio, tape
or retord player entertain an empty room! QOften the TV is only being
Tistened to,not watched. , The program may béibroadcast on radio which
requires only one-sixth the enerqy of television. However, be careful not
to continually turn off and on'a “tube type" unit; heating and cooling the
tubes repeatedly wears them out. Alseyisdon't allow several devices to
operate at the same time. It -might hLPp if small Lh11drém are not en-
Lourﬂqed to operate “these pieces of 0quipment.

ATl entertainment devices should be kept u]ean'and'free.af dust. Dust
on tubes causes them to overhgat and reduces their Tifetime. Pust on
i ! w .

. _ I _ _ __ S __ _ ___ R LI—
- S . - . &
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teTev151Dn screens great1y reduces the qua]1ty of the p1cture -while dust

on record and tape players not only reduces the. sound quality but 'may

‘also damage' the recards and tapes. Records and tapes are petroleum prod-

ucts, so great care should be taken in their ‘use and seiectTOn Teenagers .
“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 recyc1ed in the futtre.

~ "Tube-type" .devices must: have good air c1rcu1at1on to cDD]i Therefore,
they should be placed-where air will -he free to circulate around them
(part1cu1ar?y in the back) Don't p]ace "tube- tpr devices on shelves or
1n vabinets where there ds Httle orno air circulat on. If you have an
"instant onp™” Felevision, unplug the set. qgen no one will be using it for

an extended tine (E g., vacations),

Fa ?g’
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OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECDGNIZE '
HOW TO IMPRQVE ENERGY EFFICIENCY IN THE HOME.

There dre many ways to save energy in the hame, 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 equivalent of about’ 223=m11110n barrels of oil which could
be saved w1thout sacrificing comfort.! - Enerqy -can be saved by-adding
insulation to homes, by proper upkeep of homes and app11ancés, and by
minor interior alterations. S .

[SEE ACTIVITY S.]

#




OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO DETERMINE
o IF ADDITIONAL INSULATION IS NEEDED IN A HOME.

‘the home is'by adding insulation.? Most homes are underinsulated; some are

"cost-effective; that s, it will more than pay for itself in energy savings.

_ b oo .

Probably the single most important way .to improve energy efficiency in

not insulated at all! As shown in Figure 59, walls, floors, and ceilings
should be insulated. InsuTatignganfbe easily added by the occupant in

most cases. It is usua]1y;ea§ﬁégt ahd most effective to install insulation
above the ceiling. Next easiest is under the floor. The most difficult place
to add insulation is in walls. Furthermore, the addition of insulation is

The following steps should be followed when insu]atinguyouf honte.
) b
1. Deterinine how much insulation is desirable f&‘ 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
currently recommended minimum R-values are listed below:
' y y
o - Natiodal: -t Studies
FHA Minimum  Mineral WoG+ TVA Based on
Standards for Assoc. for Electric HMinimum Owens
Gas Heat Qi1 Heating .__Heating Life Cpst Corning
d5_Hec ~1 £ kst LoD

Ceilings R-1
Walls o R-1
Floors over -== R-11 R=11
unheated space ’

9 R-19 or R-22* R-19 R-30 R-38
1 R-11 or R-13*. R-11 R-20 R-19
11 R-20 R-22

?
*specia¥ situations ;

_2. Translate the R-value into insulation thickness. A% *
mentioned, insulating materials have differing abilities
toreduce the transfer of heat. This is illustrated in
t”gutab1e on the following page:

o




Figure 57,
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Wall, Floor, and Ceiling Insulation.

1
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T TTInsulation —
@ Batts or Blankets ' Loose Fill (Poured-in)

Material  Glass . - Glass Rock Cellulose
Thickness Fiber | . Fiber Wool ~  Fiber

inch

inches
inches
inches
inches
inches
inches
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insulation.

. _
Determine the level and type of existing..
insulation, and translate into R-values. " ~
As an example, the following information

has been determined for a home .in Knoxville,
Tennessee:

T R-value T R-Vatue “hdditional |

Existing of'E;istfné .-R-value
_Insulation  Ingulation for Location ~ needed
. at gulal r_Locd R

4" Toose rock wool 11 30
24" fiberglass batt 8.45 20
none -~ 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 Toose
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 T a
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 OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE
THE UPKEEP PRACTICES REQUIRED TO MAINTAIN AN-

ENERGY EFFICIENT HOME,

It is not.enough to start with an energy eFf1cient hume and sit back and
relax.. Asithe home ages, cracks and crevices fﬂrm and infiltration in-
creases; insulation tends to settle and degrade. Since the soiling pro-
cess is a never-ending problem, filters must be changed, windows cleaned, and}
heating and cooling elements cleaned periodically. In addition, heat1ng,
ventilation, and air-conditioning (HVAC) systems, plumbing, - and Tighting
must be maintained. .

Every year or two the following steps shou]d be taken to maintain a-

1 home' s energy efficiency:

1. Check the interior and exterior of the home far cracks and crevices,
éxf111 or seal thg}kﬁ :

. 2. Check the weatherstripping and caulking around windows, doors, and
chimneys; repalr if necessary. _

3. Have the heating, ventilation, and cooling systems checked; adjust
011 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 deteriaﬁgficn; ﬁepair if necessary,

Each fall and spring: o

1. Make sure furnace and air conditicning Fiitéfé 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 i,r‘.ac:liat'i@ni_x

3. Dust radiators and baseboard units thoroughly; dust reduces the effi-
ciency of -a unit.

4. Check for water leaks or dr1ps, hot water 1055 results in both an
.energy loss and a water 10ss.

- [SEE ACTIVITY U.]




UNIT 103

OBJECTIVE: TO ENABLE THE TEACHER OR STUDENT TO RECOGNIZE THE
UPKEEP PRACTICES REQUIRED TO MAINTAIN APPLIANCE .~ |
EFFICIENCY. | ~ T

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 tips ire Tisted 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. Defrcst refrigerators and freezers regu1ar7y and check the gaskets
for wear. (C]Qse the door on a piece of paper, -'If it can be easily . -
pulled out, it's time to adjust or replace the gasket.) Clean the con-
densing coils--dust acts as a insulator that reduces eff1c1ency

3. Clean the clothes dryer lint filter after each 10ad
4, C]ean the d15hwasher screen often.
5. Clean the kitchen and bathroom exhaust fan Filters uften

6. Keep appliances clean, dust, food, and cleanser build-up 1nter fere
with efficiency.

<7. Check oven Jdouur gashels fui wear.

[SEE ACTIVITY v |




INTERIOR ALTERATIONS

DBJECTIYEE ‘TD ENABLE THE TEACHER ‘OR S$TUDENT TO RECDGNI?Eﬁ;

INTERIOR TREATMENTS WHICH INTERFERE WITH THE
- HEATING AND COOLING OF THE HOME, AND HOW THEY
: .~ MIGHT BE AVOIDED OR ALLEVIATED.

Iﬁter1or farn1§h1ngs and structure should not interfere with or reduce i &
the efficiency of the heating ahd-cooling equipment or the shell Df‘thé o
home aswan_1ns%]ator :In fact, the 1nter1or treatments should enhaﬁcé
the enérgy“eFf1E1ency dF the hcme :

To avoid Peduggd eff1c12ﬁcy, tﬁe f011cw1ng 1tems should be considered
in the home:

- ,»4 ) . .
. 3 v;z.%z kY ) ) ] ,

1. Heatihg and’ eooi1ng reg1ster5 should th be blocked by furnishings.

| R " Window coverings ShDqu permit Gpen1ng and c1051ng to ut111ze solar
‘,Tadiat1on ,f ,

3. Thermostats snau?d not be covered, blocked, or exposed to d1rect
_sun11ght -

4. Avoid dark 1nt2r10%s which requ1re more art1f1c1a1 11ght1ng

'FL .

. <5.. Caulk and seal cracks and crevices at wa?i floor, ce111ng,jti1e,r"'
and cabinet JDints to reduce infiltration, ’ ' ;

6. Avoid 1nter10r part1t1on1ng, walls, furniture, hangings, or cabinets
interfere with air circulation. This creates uneven heating and cooling ¥
and places a strain on the’ equipment. _

7. AVQ]d p1ac1ng refr1geratar; and freezers in aﬁeas where there may be
1nadequate ciréulation of air (corners,. c]osetq, cul-de-sacs). These units
need good air girculation around the1r heat exchangers in order to operate
efficiently.

“To enhance the energy eff1c12ncy of a home, the Fo110w1nq suggestions are
given for a]terat1onf'

1. Insu]ate w1Lh drapery or window treatments..

2. Apply viny] wa?1c0#ér1ng to exterior walls to reduce infiltration.

3. Ehemove obstructions to air circulation.




B I 4
. . X — . vl !m- . ,, - [ | 4_;_
7'¥' ", . X\\VV __
-4, fﬂstaT1fwaTl to- wak\lc pét1ng,f0r added 1nsuTatlcn bi
5. P1ace storage, units ~against exterior walls. . fﬁfé} .

6. NhEn rémodel1ng, place cabinetry, closets, and serem used Spaces
on exter1ar,yal1i ‘

7. Rep1agg 1ﬂcandescent 11ght1ng w1th f1u@rescent 11ght1ng ‘where "
possible. ¢
8. Use light-colored furnishings and finishes where practical,
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ACTIVITY A

. . . g ; ;,'v . B E |
OBJECTIVE: TO DETERMINE WHERE TﬁE SUN RISES AND SETS IN
' . RELATION TO YOUR HOME AND T0 DETERMINE LOCAL
;HIND PATTERNS: : ’

] - the appgopriate.direction. Use a ‘compass to determine which direction

The way {in which your home is Driented to the sun and wind affects the
impact of the climate and the enerqy needed to maintain comfort. To -
understand this:concept, it is helpful to determine the compass orientaﬁgs
‘tion of your homé. First, think of: your home as a box (usually a recta
gular boy) and view it fr@m a bird's, perspective. Given the directions
of the ¢bmpass on the circle beTDw. locate your house in-the center facing

each side of your home fagces«: It may nét be. directly N, S,”E or'W, but
using the face of the compass and: tﬁys circular repr25éntatign you should
be . able to make a good estimation of the direction. Once the house is
sketched on the circle, use your compags to 1Gcaté the point at wh1ch

the sun rises and Sets .

In the example an:the 1eft;the
house 1s rectangular-and the
.. living area ¥the family -room/
" kitchen) s represented in black.
You can see that.the long axi§ of .
£ . the house runs slightly W of -
— . __North by slightly E of South.
Eggg:séfé“,mﬁhe points indicating the sunrise
' EAST direction -and sunset are marked. -
. = Conclusion: The family room area
s - will receive the afternoon sun
/ - and be a "sun warmed" area. ‘This
could be beneficial or bad de- id

SQNSET&ATiSBsfg#r

SOUTH OF WEST

pending _an the climate.

N

Use th£ ;1r¢1e on the right ta locate your house
Instructions: 8
1. Draw Tn your house's orientation
. to the compass.
2. Draw in where the sun rises and setﬁ
3. Where are the living areas (den,
family room, kitchen) of your
house in relation to the compass? .,
4: Are the living areas exposed to
© morning or afternoon ‘sun?

oy

o

’ Lt B s
I -4 v
EEAY]



In addition to the sun, the winds also can be located on a’similar drawing.
Using ,;t%e*';sasmﬁexamp_iep;ne can {1Tustrate the direction fref which the wi nds
affect the house. Information about winds can be found through observation
or by ngM¥ing at your Tocal weather bureau, agricultural extension sep--
vice;:ar news agencies. There may be s1ight differences within a local =
area‘dye to'hills or water. ‘ e 2 S

)* WINTER 5TORMS- . B
‘N - ZQ%.WINTER WINDS = S i\;ai 7 area 15 Qn]yEXPQSEﬁ tg Dr—eg _

G - HOUSE OMENTATION vaf1ing winds andisdghtly to

“  summer”'Storm winds, #The .
£ ' winter winds are fyom the NWT§
| " - .s0 the example hoyse=shoyld [ --

. » 400t have large window regs
So- Ton the NW side 1f 1teig-"
" located in a temperate or .-
FﬁﬂeTzciinﬂte.zan. Lot

e LA '.!
& - ’

s F I J ‘
" FPREVAILING WINDS ¢ \~ SUMME R WINDS
o o \LgUMMERSTORMS
Use the circle on the right tov ™.

lcate your house. ~

N

1. Locate house Drieﬁtation.
2. Locate prevailing. winds.

‘13, Locate summér winds ‘and S umer
* storms.. : -

3

4. ‘Locate winter winds and winter
" storms. . N : ,
a! . l B ] g ‘ é -
5. Which areas of your house are . [
exposed| to-stonn winds? To o~
“"‘w{nter winds? ‘

./ WIND ORIENTA TiON

_Quegti%\é Do yqu feel your-house has| a goqd,qf poor orientation to lthe
sun and\wind?* Why? = e \1 S
Suggestion;: The teacher may need to demonstrate how to,use‘a compasy. -
Locate- thg classroom on-a circular grid, v ' L

- C, ";‘ " i - N . o
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-
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“determine if the vegetation fs beneficiauAand where additional vegetatinn .

_ Shhub

4 LR RO L : ¥ *—é?
Ly L g : SRR
) . b . . . ) o 7 o 3
! : £ : . IR . e . 4 A . "o %
1y . Loet e

\ ' TO DETERMINE THE EFFECT VEFETATION HAs. ON ENERE
' consunpnoumnn COMFORT, St iy

: Thées ahd p1ént1ngs are often 1eve1ed n aggqrgaﬂgrigr £0. resident1a1

| development with 1ittle regard for their ecqnhmic and esthetic yalues. The

trees,. shrubs, ground ¢overs, vines, and flowers teémpey the impdct of sun.

‘and wind on the home: Vegetation can shield a home from unvanted sun and -
wind, but sti11 admit desirable sun and breezes. Becayse of thé angle of
the sun and the effects of seasonal changes, most homes need protection

from the sun during suimmer on -the south, west, and east sides, and protec-
tion from wind duringowinter on the north side. Of coyrse. there “are ‘re-
gional varfations. Investigate the N, S, E,-and W.sides of your-home and

is. qgeded Hake your comments” 1n ;he space pravided
5, k - + . . '

North s-ide:, - B o a
e ‘ 2 S ‘
"Trgeé} R - s — . 7
LSy | ’ e e
DDEﬁ tﬁe vegetatién mﬁke a g@od'wind'*ﬁ1e1d? T AR N/ S
. @ s o , T _ e i e
South L P L T »
P o 17 RO Ce TR
Trees b 5 L




Suggestions: . - @ 0

1. Have aiiaﬁdséape grch1te¢tfar'nufsééymah Viéit théﬂélassfta’discuéégf ,
i~ . different types,of vegetation and their effects on ‘homes'. heating ahd

Lo Cooling needgy
- 2% Inves ti ) ang ! ‘recommendations |-
. ' tration for additional plantings 3f they would . -

-7

te the.VEQéfétién?Eréuhﬁ’the35cﬁaé1 and make

i
*

CoTito § gﬁﬁhmya&ﬁim
L be bedefeiar. -

CE ) ! B 3, ' 1
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. g_f'
To DETERMINE YOUR HDME 's LIVING AEEAE N
'RELATION TO THE sun AND HIND. o ,

!—‘L!» "

As an expanMon nf Activity A, let's not on‘ly kmk at the arientat‘ian
“of \your house's exgeriar: faces,.but at.the rodms on’ the interior, "It-is

important, to determine W
facin
one d
grid be1aw are 1ndicatEr
~As you ‘can see,, most _

?4. A8t toward thetnterior of. the house) .
rection depending Q haw manyAsides are exterior sides.:

directions the rboms face (that is, a&tward'ry

A room may face more than -
. On the. )

itions of the rooms of a sample hbuse,

mae ‘than one prientation.” Notice most of

7y Y or westerly, directions uhich will be _E;‘!*

. the day;jmé areas facef

thter and -warmer in “thatat % . ‘
; | .

. - 7 ﬁ.-r A "ri‘ !.‘ = V' . g # E TAT\! i
B S age . ‘ B Y
,;!’“’P S .

;o .EXAHF’LEE | A7 N ONE - BT W NW S
| Sleeping . | ,Xﬂl,,};r%-,,, . R
Family G Sl e I x X o oo .
. . ) R [ e . J = (‘s& V 2
~ cLiving ) NERR: 3 ‘ SRR
- i v ) ) - . ) ) 1 ;j B - ) 7[ : ". e
Fondpreppcitcen | L x Dl L L Lol .
Play Space’” - ‘| 1 1 X XX \ E S
R R ;i N 77 B Y - | - l;fef‘
Sﬁtqraﬁ’ge[ X x S T L ( -
, o =L “‘ . R » ',
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‘,,,r'1ent

L

Corfs 1d:
gtmns’?‘ l%h-y’qr why not?
| N\

IF tha ordentations are. p@ar

ring ycur c11mate ‘do . the roans in yDurf

s i%hﬂ;gjﬂﬂiif;i',, i Sa— o—— .

" Omthe grid beiow indfcate the raqm Grientation oF yourthome. Use a. 4
compass to detérmine yaurs. Stand inside facing diract]y the wall whose " e
oriéntation you are trying :to detarmine - The direction -indicated op the '
‘compass 1s the one you mark on the grid. :€heck all the outside facing
walls of a roem. (intgr1ar rooms hauﬂngana éxte:fnr wa115 will have no
X!s on the grid ) oy e . N

"] space LT 'y Wow e a
. . ' T
] Slee 91"9 | . .
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o e ™
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‘ R 2 \ . ia ! s l‘
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‘To DETERMINE THE PERCENTAGE OF SQUARE FOOTAGE
OF WINDOW AREA TO TOTAL WALL AREA AND TOTAL
© FLOOR AREA. o -

- Singe glass has much less insulative value than. a'wall, it is wise to use ~J
as ‘1ittle ‘glassed area (windows) as possible to consprve energy for cooling, |
and heating. There are bujlging:code restrictions and guidelines for the .

_amount .of glassed-area: 10 percent of the total square footage®of floor- . o

' 20 percent of the total square footage of. =~

"% " space for-the fiome. and less than , 7 ]
¥ -} the exter%criwa11 are generally accepted, standards for res jdences.

. e ) . . A o »
It 15 a simple arjthmetic procedyre to determine if your home or classroom -
. meets these quidelines. First try the 10eper;ent~af*the?f10@r method. . In .
1. the example below, we'see the square footage of the rgom’is 300 square feet, |-
ampie: W N5 ne s , o S AN ‘

'
1

| ;9:"’?1

g e

¥
ML RARRARRY
-

T T
-y - & s & P PR .

¥

, Frcm‘;ﬁg‘e13va£ian;(wé see the fbtg{fﬁgZasaEd area is 30 square feet.

.

| R
1 | 2 o é;f

. ¥ — L L bt g
| e o .
;e300 ]

30

To determiné the, pelentage of glassed area you simply divide::

PN St s el w30 glasséd area = 0eor 108 S

v A‘i}* ~ 300 - floor area .- | G
N

ot : . . N
- . . Lot i : : ) . d
= " - § . ‘ e E L. ' L .y . L 3 ; . : . ’
.. ™ oL e : . : ¢ [ . ) .
PR _ . E - - R P— W oo R
N . 3 . . . : , o] = LT NIt
Proviied by ERIC - ’ . - B, . . ! . R 3 . o . » R #
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Now try the 20-pwcﬂnt-nf—tota] -wall-area rrethod 1;1 the ex‘ampTe, the'

| total wall area 15 240 sq. ft. sincg 8'-x 30' = 240 q. ft. The g\iassed

;*‘p? arca 1s 30 sq. ft, Therefore, the per\:entage of g‘la%sed area 1s:

K ;ﬁ‘f i , :
- B s e ,12.5% ,
US"’& E"the" W'Ethﬂdf the glassed. area is" within the guidei‘ines . (‘y

Now determine 1f yumﬂ-ﬂlassmom or hcsme meats the guideiines P &;? ) J
‘l ' .

Methad /I_;«)J,ﬂz of floor area . .
Total. Floor Aréd o filsq. ft* | - wl R
Total Glassed Aren_ . SQ. fto 3"3 -
AN QIasS&area o= U R L
Methcd I 29% cn" wa1] é(rea i Wi 7 ( ' ot s
B A ‘ b
[ Totar varr avka o esq. ft. ot
MR TotaT Giassed Ar&a 7 N sq. ft. = o y .
L gﬁassEdﬁarea S R Lk .‘ ‘
‘. ooy ‘ « WA 1Ed area - _ (¢ . o R
.‘: | | ' hi’ B . rﬁf‘\g@" Ibs ‘ ‘! ‘;' T : -‘,),L -E “’?*] ) | . : V . x @:’m
I5u estmnsﬁ# o e .
Eg’g ) £ B = Eg"}‘

R S Try bafh nﬁtlm;lds in the clas!_' ;ocm ‘befare tr‘ying to tack?e your hamg

G

N This make’s g@mq g‘dp achvit_y . o e .
3 This}Av:t‘ivity m':ty be used i ‘Panjunct’ign wi th r‘éadmg ﬂoorp’la\\
| and measurmg inte ior spac s. .
‘ Pt . \ \V . \ . ) .
T ‘4". emember to mﬁaasur‘e on]y ‘the quISSé*d area ofL windaws—snot the @
coay t frames, tao, : 1‘ | . _
LA ‘ . o "\L -*"’f‘-h :
- . Npte tﬁat weath%!r* changes w111 ‘also affect ating and couf‘ing, : A i
oy ﬂ-‘e ergy *uses h o - : \- ‘ , ln
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BJECTIVE‘-' TD DEMONSTRATE THE RELATIVE ENERGY EFF!CIENCY x'; ‘

OF FLUORESCENT AND INCANDESCENT LIGHTING, .- e

‘_‘ S ! ¥ 3 W - —_—
R T tv—— — S ——— - e ———————— mawioee - '
Wattage 1is-not E{»maswé D'F the amount Df tht given off b_v a 11ght bu’lh
but how much energy.4s requiféd to gparate it.- The amount of light 1fpms

% vides is . 1nd1cateﬁ ih lumens. -Bulb packiges should give not only the'wat-

-'-' ‘tage requfred but alsd .the Tumens prodticed by the bulb. "Using bulb pack-

ages,compare evera1 1ﬂcanc;escent and F]um‘escent bulbs fm‘ efﬂciency )

_ (1un'en5 \per att) T T T o A

j i | Fﬂr examp]e sA IGD*watt incandescent bu]& may yieT&’ 1750 “Tume mmhi}zh'\ R y
it b g1vés the bul] Hn *efficiency DI 17 5 ’Iumehs pev? watt Sy . .

, ,j_f.'r_ilg;gf'“' . . : . r :

A N .y ;7 - = 17 5 Tumens per watt b .
v 1y '[i . © el ! Lob LRy CA _ Co
f,*Ql:etérmine fhe efficiency of’ the Fu’llcwing bu]bs, plus éﬁn_y ather‘s you may o
ST fehaves. o e _ - ‘ e N Ca

o A w L ’ , b

. A\ 100 watt f'lm:resc,aﬂt Hulb 1umen_§ = h,’;;;’lurnens per‘ watt, A A

> T SR To0 watts . S : \
B a0 w’at‘i; flubregcént k'u,Tb gs' ' x j;~'1umens per watt
f,:%srl ) ot 7 ’ l ' b’ ' ‘ jO wat ’ '.” \' ( _
A R 100 w\gtt 1ncandescent bu]b WmevL e o ]un@s pfii- watt C N
A S e watt§ T
_ D\s\ 25 watt 1ncandescent bmb o Iumens = ’Iun‘ens per watt :
o 25 watts » : "
o 1;_ Nh‘ich\ type Qf‘ 'thtmg 1f mgr‘e e*Fﬁment—-mcabdescent\ r ’F‘luorese:ent??
. | S A T 7 7
2. IS it moxe efﬁci\ﬂ: to buy four’ 25-watt o r[ue -100 watt mcandescgnt
"éblﬂb? N - 7’7‘9—?”:\ . e én
e . & = = " > L | ’ ? o : N 5
| T B L
RIFRE Ay VOIS . 3 |
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Rigpds -

Suggéstians.

Ask the school maintenance superv1sor for émpty £l aresceﬁigﬁight bu]b
boxes. The infurmaticm you need is on thé box sy N i the bulb.

. ’Have studentﬁ‘bring in bu'lb ba;z:&a;r fram ho‘p‘ne

. Check at home for- the use of mu1t1ple_1ow wattage hulbs . where a ]arger
-wattage bulb might be used to save energy. But remember, a larger
‘wattage bulb gets hotter during oper tfon and s@ne~f1xtures are not-
designed Far,the Jarger wattage bull o - _

Discuss the camparat1ve 11fatimes of - f]uerescant and 1ncandescent bulbs
(Refer to Section 3.2, "Iighting “) S !;

\\
Discuss the turning fo and on of 1ncandescent amd Fiuarescent bu1b5&$
(Refer to Sett1on 3.2 "Tight1nq ") N




ACTIVITY F " DESIGN AND FAB

OBJECTIVE: ‘TO DESIGN AND FABRICATE AN ENERGY
) , CDNSERVINE WINDGW TREATMENT.

oL i : DR X
. i .. i .

= - : i3
o+ ‘ . 37
1 ;. ' B = Lt o B o " 3 _ . e AL

Ope of the least, expensive and most effect1ve wfndnw treatments farit ,
Ebnservat1on of energy #s an insulated drapery. The madur differences bed
. -tween a standard-drapery and an energy-conserving-draper y are a tight fit
L and. insulative lining. Standard drapery construction guides should be fol-
A “lowed in making energy-conserving draperies,” but make’ceit#n that they in-
“'vg ctlude returns to the:wall, & 4-inch GVerTap. and full Tength from ceiling to
§  floor if possible. ' A cornice or valancé may-be used to reduce convection
_air flow over the top of the drapery.  Then substitute’ #moulative lining
for the standard lining. ‘Insulatiwe 1ining is avai?aﬁﬂe in several types:
(1) plastic.or vinyl which may be either clear or opaque and serves mainly
. as a barrier to-airiand moisture; (2) fabric:coated with vinyl; (3) silver.
~ backed fabric whigh'tss partitg]ar1y valuable in wéflecting the sun's rays °
as WE11 as serving as a barrfer, to air and moisture; and ?4 a foam backed . [,
" fabric'which-has the -added bené%it oF 1ncreased R ya1ue; and as acoustical .
- insulation’ . .

L-

LﬁgTuded for ynur ccnvenfence ig aﬂstég_by sten i11u5tﬁatiun fbr making 1
Tinéd drapery : . s —y : .
oo L SRS - E” EStep 3 “'1‘“'"ﬁ'.
o ) _ \ § o glw : ' A CoR WE-R
Step '] - ) — 2? ' . . "”7 . A
o O LINING
WRGHG SIDE )
4 5 .

HH | CLINING .
A« - Rt Siee)

&3 - \ )
e =
o




. . . T x,, . .

e ) . R 2o .
S : ! i T
A ﬂ# : : .

B
i = 4 I L1 "‘
a window in the H conomics Laboratory, If funds

[ Suggestions: -
¥ gigh different or no 1ining could be

"f{f, are available, 1dentical’ draperiegs
+ made to comipare their insulative

If possible, tiave students fabricate drapery for their own rooms at:
~home. : v . Co :

E

Demonstrate measuring for: drapery prior to this activity., . R

4. As an alternative -to donstructing an insulated drapery, an-
~ insulated window shade might te made. Plans for construction’ as
‘well as hardware kit_si are available from: SR

‘ .

L . Raiﬁbow“Energy:Nqué . ot
R ‘ ' 2325 Moraine Circle 7 PR
Rancha Cordova, Ca.. 95670 R

T~ . T

e




.‘JTQ DEMONETRATE HOW. Tﬂ 'READ ELECTRIC AND GAS.
o ~ METERS,. AND HOW TO' DETERMINE CONSUMPTIDN DVER
e A PERIOD OF -TIME. ;

oo In order to determine the eFFectiveness of your energy -conservation
" | efforts you must be able to tell how much eﬂerq§kis being cansumed at
. your house. The easiest way to:dothis is by taking meter, readings ‘Elec-
tric and gas.meters give the total, or cumulative, energy- éﬁnsumption. > :
They operate much like the adometer on a car, You must compare beginning
“F. and end readings:.to find out how much : energy your family used aver a given
. { period of time (one day, one weék,’ “Gne monthY. For, example, if your meter
| wvead 35721 kiTowatt=hours on Mondayymorn1ﬁq and 35731 on, Tuasday morning, -
it means. your home onsumed 10 ki]cwatgg purs of e?ectricity for that day 1.
or. 24-hour period..

o

,,,.v,,

have f1ve3d1315'!Fgan1aed fr@m right to left: the.’

-afi Most e]ettric meter '
I rightmost indicates. kilowatt- hoursgA;h!inext d1aT tens of kilowatt-hours;
S «; jEratate c1ockwise and :

\T: khen .hundceds; and_st"aen. But thEﬁ&*
o cﬂﬂnterc?uckw1se ?huﬁshou1d rgéard f

. passed.
v B
’.:',""‘ 'r‘ i
- B ok
>\1(”v¢f
s [ '
LA . i
'[. ;h‘e v '%i’f

P

. iﬁThe d1a1§ of a gas meter aré much 11ﬁe that ﬁf anlLTEctr1c meter except
S E} fhere ‘are usually only four dials with. markings representing+100 -
.. F culiic feet. Qn*fhe rightmost dial. Th the i1justration.on the.n pages
t ' the read1w§ of 4846 represents 484,600 cuch feet of. gas E§\\ .




., -Fmostat; clean filters; cut down.on use of

READINGZ4846°

1f, iafté? one da the rending were 4876, then the cansuhpticﬁ that édéﬁbuf
pericd wau]d haj% beén 3 000 cubic feet af gas. T : -0

( 'da,?éco'g S ‘ DR W
s | cubic Feet af gas - x .

rd. ur,findingss . e
Inftial Reading - '

5 7 B 7 ! 3.77 . .—,é
“ané1 Reading AR

‘ " T "1% = e e —r

H Now check your meter;

TR Cunsumptiun for des1gnated
’“_;f’\f o -time period e

k]

Now 1nst1tute one’ or severai enewgy*can rving practices (reset ther-
i? ;

ghts, appliances, TV take.’
short fhawers) and ‘record your Findings (Use ‘the sarle time period as
before . .

'.?:qa-

v xnitfen Reading . " Mgy Lol ot v S N
Energy Conservaticn HE3SUFES Instftuted ,1;;‘ - --51 NS _?
B R ot e * e, 11?7.,*7’-} ‘7"" 1 ““;
. : ) i &) .
I T R R s
) " Final Reading \Fr; R 3 iv* ’ -
Ll a - Consumption for designated . ; . '
{ Ctime periﬂd . i b

= i q.Kl S~ N
Nas ‘there a reductian in cansumptiﬂh when canservatian as practiced? oy &

af

i o e ' : o f‘,;”*‘"
Suggest1ons o X oLt - o P

<N
A

1. Use a. tine period of at ]east a week, 't(%:> N T e
2. .Ask your: local Ut111t1esQipﬁj1nf§rmat1cnﬁc démanstratiaﬁsg ;n :

. , e :




ACTIVITYH .

‘ DBJECTIVE' T DE‘MONSTRATE THE EFFECT THERMOSTAT smamk
: HAS ON EMERGY CQNSUMPTION. , '

-
-

. . Nf; that yau can read ynur meter (Activit G) you cqn investigate the "
S effeets of thermostat setback’ gn the“bnargy consumpt ion at- yogw reaqdence.

- Duringthe cooling season, thermostats ;should be set-up “to 1B to reduce
"the use of- mechanicad.ﬁir cpnditianing and duripg the‘heatimglaeason, seth o
dcgn to 65°F. For a tional savingsy the, thermostat car he set, back-to .
= 60°F during the night. “Thé effect: of these thermostat sétbackw~wil1 Vary o
o f@gm re$idence to ﬁesidEnee. but 6hou1d be sign1f1cant . A
iip ' Ta test the 4mpact nf thermbstet seﬁback at yOur home, ﬁirst d@termine the
*week1y censumﬁtion jof energy prior to, the setback. Read-your yas, oil, or
“electric- meter dnegweek befare: tha Setback and read 1t a semmndWQ\me exact]y

seven days,. (ta th E "hour) Téter.k.. o o )
Fer examp]e e : ’-r”fﬁ . ' ,;égﬁﬁ.f;»v-; N
i‘ F'irst Readig’? . Secopd: Readin A '
Meter Reading: 6 kwh . Meter. Reaasng |5ﬂ3l h .
Date:. 9/8/77 ~Date: 9NS5/7T v - T
Time .8:00 a. m v . Time 8:00 a. m“ﬁwmﬂw ’

ﬂ

The&%nergy ﬁansumgé by ﬁhe example home for the week was 925 kwh (15101 ﬁWh— _
14275 kwh 2 925 kwh)' b V N
Immédiate1y ther the 5econd readlng set back the ermostat L59F T ower i B
heating and 5°F highe if coa11ng~ Then take a third ‘meter- reqdﬂmg exapt1yl 1
.seven days Tater RS ..

Far exemp]e. L R

k

-7\35“ e “Tﬁfr:{ggadin'- : .
i D% Meter Reading? - 15897 kwh ‘ L ,
‘g .. Date: 9/22/17 . . . .o - g
T1me B DD a m .. : : .

W’QM
%
¥
q

>

? y%IH& energy cﬂnsumed by the example home for the week " Lith the 5et back is’
E,kwh \To determine - the possible savings, find ‘the: differenc@ between
the&firit week s, aonsumptian and the setback week s coqfumptfo

A “""
,)l Y
&

U31ng tge examﬁle home o e L AT
- R .' o i} 925 RWh =, ?36 kWh NOF ]29 kWh . "r“,‘ wt R




Mow tﬁr thg fest nt ynur resfdenﬁe.

\ .

First‘RE@dJng " Second Regdtng : Ihlrd Readfng .
Mater Reading'™ Meter Readinq.__;__;!ﬂ;_ HeterTend‘ingz‘%éM
Gate: Date: ., bate:. N
Time: » = . Uime: M Hime: . _

, _ e - y
First week's consumption:
’ meted raadlng 7  meter reading T~ t:bﬁ%tmﬁ' E?Dn
¥ o . . . .

B ) a eidn .
sathack wenk's rcons fon N A ;
) :

metar reading 3 - meter veading 7 = consumption M
Savings - S - “
o 4
S ——— = el
H?’*t nﬁﬁk 5 Tﬂn*‘lﬁﬁtinn Setback week's rnn%lmpﬂnn = savings
Questinns: ’ g s . Y
1. Why 15 it better to use a usnk'% c¥nsumption for gﬁmari on rather A
than a day or an hoyr? - )
7 'Hhaf could be possible reazons for ,finding no ;avinq or pa*sz]y an
fncregse in consumption during thr wrnk with the sethback?
" 3. How much mnay cnuld be iaved in a year 1f you could realize the
savings you found (1f you found ﬂﬁﬁ{ durfng the setback wepk?
suguestions: )
1. Do this investigation when mechanical heating or capling 15 certain
to bhe needed,
‘. Pr*fi‘! to Activity G for a more detalled r!r orfption of meter reading
for mlecty h,fgy. ”’], ar o gas,
. Make certalp no one adjusts the thermas tat during the two weeks of
the investigation, ) .
LR
- - - -

1 o—y
[
— _‘




TO DEMONSTRATE A FAMILY'S HOT
“CONSUMPTION AND PDSS!BLE CONSE VI?IUN
MEASURES. ‘

OBJECTIVE :.

The m,;er uses of hot uater in the home are for bath*lng!and ’laumdr:y',;E Use
thﬂ data shept pfﬂﬁfdﬁd to- artimata yﬂur family's hot watdr COﬂSUﬂptiDn*fDFd

A ueak ‘ ;
T T 1 Humber of —WuTtTpTer 7 |Quantity of N0t Water
Taik o] times/week | (in gallons) | iinA%gliang) )
15undry Toads |~ ' - i ; TR T
tub baths ! : 15 _ , ’ ‘
showers - ' S 25 = e,
dishwasher loads - L 1 20 S
washing dishes : - |} - - | 10 : - :
by haod .. . L EEIE |
° o : L Total ;- , L

. Tally the number of times per week "the tafk ustng hot water occurs. Then
. multiply the.number of times by the mu1t1p11vr provided. The multiplier
{s the average amount of hot water required for the task. “The resulting
value ¥s 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 uses in one week. (The average household uses about 350 gallons of

hnt water per week.)

You can now aﬂpraximﬂte the enerqy required fo suppiy this quaﬁtity of

hot water.
gallons x 2.45 watt-hours/oal, = watt-hour

quantity of water

If you use qallons per week, you use approximately 52 times that
per year or qallons. :

3

Calculate the enerqy cost for a year's consumpt{on:

o qgallons x 2;i§_wattshour5/q51.ff:_S#MWattéhDurs
quaﬁifty ﬂr’watﬂr S .

This as kwh for ope year (just move the decimal 3 p1aces tD
the left). “Find out the rate 1n your area for electricity per kwh and
determine the cost of one year's hot water consumption.




N yearly energy rate o :
A - consumption for 1 o . . L
! hot water ' { ‘ o f%i y

=

kwh _x ‘ cents I g?

&

How - cnu1d y@u save money and enﬁrgy for hot water at yeur hause?
§ome things ta look fnr 1f your’ hut water cdnsumptinn 15 high:

1. . Check your water heater" th rmastat=§1t should be. S@t at 1403F S
~ or less. : R e , )

¢ , ,
2. Check for leaks. * A?
3. Arg the hot water pipes 1n§u1aFed?
v { - ‘
Suggestions: 7 \

1, Students should bring in their t 1ies of fraqugncies from heme and
- do the calculations as a class. ? , o
R

g

2. A1l of the figures and ca1cu1at1o s in this activity are hased on
averages and estimates and do not|indicate actual ‘hot water ‘
However, by checking,app11ance manuals and timing showers (gpproxi—

- mately é gallons of water is used ber minute), a more accurate
consunption figure could be Dbtainéd ' .

’ \
/ : \-




: TO DETER INE THE ADEQUACY OF WALL INSULATIDN
IN A COMPLETED STRUCTURE- e o

‘During the heating or cualfng season. when the heating or cboling equipﬂ‘
ment 1s operating, place a thermometer firmly against the. 1ns1de surface

of an exterior wall and another in the center of the room. It's easfest

to hang the thermometer on a picture-nail or hook on the wall, and place

1t in a chair in the middle of the room.. Allow sufficient time for the
temperatures to register and then recnrd the two readings If the dif=
ference between the two readings 1s greater than: 50F, the wall 1s probably
not, adequately insulated. The example 11lustrated be1ow shows an exterior
waT] temperature OF 67°F and a center of the Paam temperature of 78°F. o

ghe next. steg is to determ1ne the difference 1n the two. readinqs
78 F-67"F =11 The difference "is greater than 5°F; therefore, for
this example, HE wcqu draw the cenclusiﬂn that the wa11 may be inade-

quately 1nsu1ated




New you try. this enereise et your heuse Yeu;mﬁy wish to try it 1#-'
several rooms with exterier wa115 . C

3 . !

1 outsfde wall thermometer reading. ' .~ -
Eeqter-ef the room thermometer reading

Ruem”,=,_
T

The difference between the Peadingeig

_ ‘ (ﬁf‘her readinq) (1ewer reeding)
Is the difference greeter than 5°F?

Conclusfons:
: v . FT

Are there reasens other than inadequate wa11 insulation which might cause.
a difference in ‘the temﬁerature readings? ___What might they be? '
\A- .
// Suggestion
[g‘ Try this exercise in the classroom.
.-"':
L, — —— - gg' — ,ﬁﬁ - s
! .h. .
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o HOME SIZE; SHAPE;

QBJECTIVEF% TD lLLUSTRATE HQW SIZE, SHAPE, / EXPOSURE OE
A HOUSE AFFECTS ITS ENERGY REQUIR NTS FDR .
. HEATING AND COOLING. ", |

: In addition to- 1n5u1atian and the amount of fToor space a house has, the
shape ‘of the 'space,. the height of ceilings, and the exposure*to the weather
all affect the quantity of energy.réquired to cool or heat the house. 'For
the climate in which you live, discuss the heat1ng or cooling efficiency of .
each of the homes 11lustrated below. Al the homes have 1apﬂ-sqﬁare feet

of floor spade and are well Tnsulated.

For exampIe, 1f yDu 1103d in a'cold ctimate, Hcme A wDUTd be a guod
sélection since there is a_ great deal of space with Tittle expdéure to the
weather. Also, the scuth facing wall w111 ‘absorb heat from the sun in '

winter. -
é

¢ !




Questions

1. Hhich hcme would be most efficient 1f none have anyihsuTation?

#
P

2. How does your home compare with these? - . , V.

. Vo ‘
3. Try to’ detEfmine the .Zeaot efficient home and the mbat ‘efficient
' home for your area. Then take a survey around &dhr neighbarhood,
Do you see more of the efficient or 1neff1¢1ent homes?

. cg ) & : : ) ' '
‘igi! ..;’: . . B =
5 ‘ﬂ‘m ) o . _—
Suggestion: L g A

Have students compare homes in their nelighborhoods.




o < r IR
: . 9, Lake home & |
' frut pn lrrr:m’i

,,E e | L
. . 8 you drive to
' ' . market
: . thuvat
. = ’ #E-ﬁ-xé -
i N i' markethaage
’ : . lm;ﬁn

OBJECTIVE: TO ENABLE STUDENTS TO ISOLATE ENERGY CONSUMING °
. STEPS IN THE FOOD SYSTEM AND TO SPECULATE AS
’ TO THE DTFFERENT WAYS 1IN HHICH ENERFY COULD
BE SAVED, - ~

Which steps could be eliminated to save enerqy?

2. #at it

L3 = =

11 throw
AWy
pankags

- 10 thawt &
renko i

nfn; sated ook
fakes it 10 ket

" . ‘ v ik Troger , \
| R BN I EEETZETN | B
s ot lulpnkuii i |
, ;e = I it e ,
Poatis shoed Dy machaae

2 rannestnat taa
Wcmj;*ung L-Lml

Losomeane el grows |l.rr;rhhl

Construct the food chain steps. for a canned soft drink and then make
suggestions for steps which m{:ii%ée eliminated to save energy.

Suggestions: This type of visuahrepresentation makes a nice bulletin
board display. " . i -

— ___ — i
’l ~ Twelve areas in a food system are listed below for a frozen vegetable,

L}

~iJ']



5 tave 1 kame

and ok f

b - 4
(:1 ) 4 yai e tn
" markol 3 s ]
4 ] ) ) Frrqri"g' ‘l,rg l; L
X retagEcates if sl tha
, ) Markst
' ¥ o
L & tran 1= {g markpt
| stimenna elsa growk 4 vegoiahie
1 = = e e e — =
]
X .
3 eat
(b)- 7 cono it
1 grow 3 vegetabile in
. Youl_Own galiten
:
1
fe)
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VALUATION

¥ -l - s k -.
OBJECTIVE: TO DEMONSTRATE THE ENERGY CONSUMED FOR
"7 MARKETING TRIPS AND WAYS ENERGY COULD

BE SAVED,

A —————

— I S . N N —————

The major factors involved fn enerqy consumption for marketing are the
number of trips, distance to the market, and mode of transportation, To
obtain a better perspective nf yoyr family's marketing practices, take a
turvey. of the trips your famtly members make to market {n & weok, recording
the distance and mode af travel. Use the data form provided bhelew,

—— = s e e
-

L Date T Yime ” 7T BestTnatlon | Mode of Yravel [ Dlstance

L L O

T U S S

T T - . . B . - - = = e

- PN S - & . - - e o N
\i 1 e
. Y S, - S S —— - P T g ;;',*!-r‘i.,A_gt
! !
% S = T - N = A Il i - = ! = o - ~;$ — v — — ',7,'
: i '
— o == ¢ i B
: { :
¥ b e ¥ S AL - T e -
$o o e ¢ e A ot s & E—
i i !
N i
| t ;
& H i i
: : . : + ' = i
o e i {
i i !
. Y — I Y |
i ) ] : ‘
¥ - i
i ! : v
¥ i — i o i
: | ' ! !
' = 4 i i -4
i H i ‘ Lo H
P e = = B - [ w . + - i
H i H
i [l i — i
| i i A !
4 P & +
‘ i { ! P )
- i [ ] i !
Ll 3 i i . X
. ¥ i i 5 .
! ! ! ! ; ;
' ¢ 4 4 i i
| i f . :
3 + [} ¥ i i
H 1 H i . H
i H N




Di§tanrgt ‘¢an, be ub!alnod from a clty or county map, the car ﬂdﬂmﬁtﬂr‘
or by estimtion (ona city block fs about one- eiqhth of a w!in)

1 Using the rw‘-hd data Fﬁm do you see tm‘%%ibﬂitl:e fFnr aﬂarqf i £
savings? . :

2. Are there trips hy car of lese fhén half a mile in distance?

3. fould sevaral trips have baen combined. into nne}

4. C(nuld shopping be ‘done on the way tn or from wofk gr-,fﬁgﬂya

5. Could marketing have heen dane clnser to hosel :

6. WNould carpooling for shoppling with neighbnrs be a ;’m‘:ﬁ‘lhﬂﬂy'*

7. What recosmendation: would you make tn yoyr family fﬂr ways to

£ONsSArve Qﬂﬂif’\j? whah ﬁariat!ng?

Spgestinns:  furvey the students at large to determing how they travel
from hime 5 {ehonl and bhard Bisryzs Finding: ard recem.

mandatinng in lass, . )
. » ) ) (
4
i
-
,".-
A,
= 1
.%%éf‘,.
% . . N
] . h\» '




AN /) iNDlCATﬂ THE EQUIVALENT EHERGY CDSTa QF
. DIFFERENT FOODS AND HOW HISL FOQD CHD!CES
N CAN_JAVE EN&RGY,

e . . . e o —

priné ?hﬂ ffﬂﬁﬁ offerad fn the Many on 'hﬁ fQTTnuing page and 5919€t
your "fipst, prnfafpnrn,‘ ‘based ;Uic.fly on HPQ; and dislikes. Place checks
begide those. ftems 1A Column 1. MNext, make selections from the menu on the
basis of lz:2f energy consumtion. Reme&bar; the enerqy cost of a food . .
ind bude®: - fortilirers and dnsncticides H Pquipmﬂnt, transportation; pro-
tossing, packaging, fand preparation, Place a check by each "low enerqy"
ftam selacted. in Colum 2. Then rFFdr to the Enerqv Price List for each
Ttam'e Fnarqy Cost, »;’Fm‘Hr atn the "priee” of each item you chose.and deter-
nine your total mH - Tordiscover how .you might have' saved enerqy, find the
diffarences hatween thﬁ {ndividu1] ftems 1n thﬁ two columns ahd enter those
fiqures in f’ahmﬂ 1. -Thaidifferences will be losies or gains in costs.
Add the total "pluses and minuvn*‘_zn this colum taifingd total enerqy
savings.,  df you were thoadlect items fnr Fuiumn | (prvaroncng) again, would

your cknices he any d1ffniﬁn%f
)
\% w
k ¥
# . ¢ N
i
Ej
L I
A1
A
- - —— S o ¥ ——
: 211
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i ENERGY MEHUI . 3
APPETIZERS FIRST {EAST AFFERENCES
(CHOOSE ONE FROM EACH PAIR) PREFERENCE CNERGY (# or )
Frozen Juice o R T B SR
Fresh Juice T T T
Crackers A {unwrapped, .
available to the cafeteria
in bulk) .
Crackers B (wrapped indi-
vidually, packed in
small cartons)
Butter
Margarine

MATN DISH (PLEASE MAKF A
FIRST AND SECOHND CHOICE AS
WE DO NOT ALWAYS CARRY EACH
ENTREE)

Lunchean Meat

Chicken

Turkey ,

Rice with Vegotable«

Beef (qrass-fed)

Beef (grain-fed)

VEGETABLE (SORRY, TODAY WL
HAVE ONLY CARROTS, BUT YOU
MAY CHOOSE YOUR PRETERBED TYPE)
Fresh Carrots
Dehydrated Carrots
frozen Carrots
Canned Carrots

DRINES (PLLASL CHOOSL A FIRST )
AND SECOND CHOICE As WE SOMETIME S
RUN SHORT OF ONE KIND OF DRINK
AT LUNCH) '
sott Deink (in aluminum can)
Soft Drink (in rveturnable
glass bottle)
Milk
Beer {in aluminum can)
Beer (in returnable glase bottle)
NESSERT: CHOOSE ONt ‘
Apples (homegrown in our
cateterian's own garden)
Apples (L tore-bowght)
Walnutys (shelled)
Halnuts (unvhelled)
[ee Cream )

212
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ACTIVITY O VEN IO‘AL OVEN VS, MICROWAVE WF

CHILCTIVE: lT(’) DEMONSTRATE THE ENERGY CONSUMPTION DIFFERENCES
OF CONVENTIONAL AND MICROWAVE OVENS,

3

Aomterowave oven has the capability of saving eneraqy as a result of the
short conking tire needed for some foods.  However, vany foods may still

beovore etfigiently ceoked inoa conventional oven. “

in the nome econonics laboratory, compare the enerqv required to cook
the following faood items:  cabkey tuna casserole; frozen TV dinner; frozen
Srococ iy and baked potatoes.  To determine the enerqy used to cook each
Pter, catculate the energy used in Kilowatt-hours. This can be done by

frent determining the wattade af the ¢ooking unit {(Tisted on the appltiance)
wat U for microwave oven {usually around 1,350 watts)

vt ter conventional oven (e u\\Hy around 12,200 watts)
then determine he amount of time the unit oraragtes to cook the food ftem.
i

Phe operation YMme of the microwave oven will bo ecasy to determine since
i , p ]
operates contimuousty and is usually equipped with a timer.  The opera-

it

tion time pf the conventional oven will be more difficult to determine
since preacheat tame st be includeds and 0 conventional oven does not
operate contingouly. A stop-watch will be needed to determine the opera-
flon timeo You rmust time each interval that the oven is operating (most

avens are equipped with o Tight which indicates when the oven is operating)
an o Hnm to arrive at the total tine of operation requived to ook the

HESTRTY IR T

Ance the wattage and cooking times are determined, the enerqgy use can be
calvulated dor example:  0f 0 cup af squash requires 30 minutes Ty cuok

a0 awatt o oven, 1t requires oo kilowatt-hoursy of enerqy:

IO watts = 30 minutes x 1* 6 Kilowatt he
60,000 ’
* o The converaion tactor is | since thmt' are 1000 watts to a

6u, 000
Filowatt and &0 minutes to an hour.)

214 .
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CAKE (use the same recipe in each oven)

Microwave Oven:

___ watts x
TUNA CASSEROLE
Conventional Qven:

_watts x

Microwave Oven:
watts x _

FROZEN TV DJNNER:
Conventional Oven:
~watts x

Microwave (Oven:

. watts x

FROZEN BROCCOLI
Conventional Oven:
. watts x
Microwave Oven:
watts x

FOUR BAKED POTATOES
Conventional Oven:
watts x

Microwave Oven:
_watts x

__.minutes x

~minutes x

|

~ kilowatt-hr,

60

,000

]

W

kilowatt-hr.

60

minutes x

60,000

~minutes x
____minutes x

__minutes

minutes x

__minutes x

__minutes x

60,000

_minutes

,000

1

1

60

,000

60,000

:

|

2
=
=
&

]
60,000

I

it

__kilowatt-hr.

___kilowatt-hr.

- _kilowatt-hr.

~_kilowatt-hr.

__kilowatt-hr.

kilowatt-hr.

-

_kilowatt-hr,

kilowatt-hr.

vl
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. Food Item
. CAKE kilowatt-hr.
TUNA CASSEROLE
“TV DINNER '
FROZEN BROCCOLI 4
" BAKED POTATOES i

1?

Tabulate your Results.

‘Energy Used By
‘Conventional QOven

~ kilowatt-hr.
___kilowatt-hr.

““kilowatt-hr.
____kilawatt-hr.

Yuggestions:

\
Energy Used By -

Microwave Oven -

____Kilowatt-hr.
k11owa§§—hr.

" kilowattihr.
_kilowatt-hr.
—_kilowatt-hk.

Remember that' the quantities and types of foods cooked in the ovens

must be the same to provide valid comparisons.

2. °What would have been the .effect on enerqy consumption 1f 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 ovens?

You may wish to choose different foods to test. If so, try to select

a range of items from "dense" (such as peat) to "

(such as squash) to provide dramatic results.

: N , "
‘A dramatic demonstration.of the misuse of the microwave is to
art of water, as opposed

compare the time it takes to boil~a ig
to boiling a quart of water on top of the range.

much less dense"

WS T B TR L % e, e L1
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ENERGY _CONSUMPTION OF

OBJECTIVE: “TO’ DETERMINE THE ENERGY qDNSUMPTIDN OF HOME

APPLIANCES AND EQUIPMENT !

If you were to Jist all the energy-using appliances and equipment in your
home, you would see why it is estimated thaj-— well-equipped home consimes
as much as 35,000,000 BTU's of eneray 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 of
' eqﬁiﬁﬁéﬁff””TH?é‘Tg”VEF§“§E§yif6”H§?““ﬂust“fiﬁthhEWETEttPicaT“Tatiﬂgs”iﬁfar%r'ﬁ
mation on the back or bottom of the appliance or piece of equipment. You .
will see several numbers much 1ike those shown below (from the base of a-
blender): ' : ‘

. Model 850
‘Series
Volts 120
, Freq. 25-60 cycle
- Watts 960 A.C. only JX

U

pecify No

For Service
850~ T4A

S

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: blender’

960  watts ¢+ 1000 watts = 0.96_ kilowatt-hour
' kiTowatt-hr
per hr of operation

(Note: Vou can divide by 1000 by moving the decimal 3 digits.to the left.)
Now you try it.

Appliance? I

watts + 1000 watts __kilowatt-hr.

T “kwt-hr per
hr of operation




' hr of operation

in equivaTents of 011 or ceai,

Electrical Appliance Energy Table

__watts 35 1000 __watts = ,:;'fi __kilowatt-hr. -
o kwt-hr per T
. hr of operation’
Appliance: o -
____watts + 1000 _watts = _ kilowatt-hr. '
“kwt=hr per T :

Using the table be]ow you can see what the app1iances you checked consume

Appliance | ~ Kilowatt-Hours of | Ounces of 011 Ounces of coal
Wattage Rating | Energy Used per Hour| Burned per Hour ABurned per Hour
e M ' 0.0 b;1 0.13
25 0.025 0.25 0.33
40 L 0.04 0.4 0.5
60 o 0.06 0.6 0.8
100 \ 0.1 1 1.33
150 1 e . 015 ;.5 - 2
200 - | #Tg.2 2 2.66
300 | 0.3 3 4°
. 500 Whoo 0.5 e v 5 6.66
750 - ' 0-.75 - 1.5 10
1000 1 10 13.33
1500 . 1.5 15 20
2000 2 20 26.66
5000 5 50 66.66
. TQQQD R 10, 100 o 133,33
Suggestions:
1. Do not try to move large appliances by yaurse?f to obtain wattage
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 mu1t1p]y1ng

)
fey
o
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OBJECTIVE: TO DEMONSTRATE THAT A SHORT SHOWER 1S MORE ENERGY-7
CONSERVING THAN A BATH, ANB THAT LENGTHY SHDWERS
WASTE HOT WATER AND ENERGY.

If peapTe took short showers instead of baths .or lengthy showers, a lot
of enerqgy| could be saved. It takes about an ounce of oil (or a cubic
foot of gds, or % kilowatt-hour of electricity) to heat a gallon of water.

Compare the 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). Keep the drain
closed. during your shower, but be careful not to overflow thg tub. (Do not
rush your shower; take your time') Th15 time re¢brd your bathing t1me as
well as the water depth.

Beginning Time o 3 Eﬁding'Timé;f e )
Duration of Shower Water Depth %\

If you took a short shower, it should have required only about ha]f as
‘much water as your bath.

Questions

1. Which bath%ng 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 cpnservé energy while bathing? f
A 4. What effect would é £1ow éesgrictian device have?
Suggestiéns: -

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.

[H]

2. Invest1gate the bathing praﬁtices of Gther members of your family.




ENTERTAINMENT PRACTICES

i

ACTIVITY R

|
1

OBJECTIVE: TO DEMONSTRATE THE EXTENT DF USE OF

ENTERTAINMENT DEVICES.

Teenagers and young adults are often abusers of entertainment devices.
In one heuseho]d 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:-

““FHours of use
_per week

e =

Toufs of use
_per day

Device

Black and white TV
Color TV h
Radio % ‘
Tape player ,
Stereo '
Electric Ipstrument
Model Trdins or cars
(e]ectr1c) »
Electric games
Stide projector
M@vie _projector.

B L e

\
From your survey calculate the average hours of operation for a year for

PRI

by t
tion

Tota

To do this, take

student.

the total hours a week of all those

he number of students surveyed. This yields the
for one week. Then multiply by 52 (52 weeks in

1 _hours per week

Nﬁmbé$§§j;students surveyed

surveyed and divide
averaqge hours of opera-
a year).

averaqe/week

o average/ycar

___averagp/week x, 52

Now use the total number of students in your school to estimate the total
hours of operation Df entertainment devices tor one year,
5




average/year x

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. ‘

#

__operation per year of entertainment devices
by your school's students

number of students =
in your school

i

&

Kl

Suggestions:
1. Randomly survey at least 25 students. .
2. The hours of use per day should be recorded for very frequent use and
\: 'then converted to hours per week.

3. Publicize your results and offer suggestions for reducing this

enerqy use. A
4. Survey entire famiTies.
5. Thisréggdyity makes a good class project. Do calculations on

the board
i
|
{
0 | 221
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ACTIVITY

S

TAL ENERGY CHEGKLIST

S

OBJECTIVE: TD*E?SVTDE AN CEASY AND QUICK SCAN CF THE HOME
TO REVEAL POSSTBLE S ENERCY WASTE AND
POTENTIALS FOR ENERGY JAT LON,

The foilowing energy checklist can be uned by you ¢ the wtudent), yogr
parents, and relatves a4 handy gquide to aysteraticslly wearch foor
residential encrdgy waste and potensiale foar connervation.  The obeckiiat
does not attempt to aquantifyv the ernergy 1oun, nor entivate the cost *0
aleviate the problems.  In worw casas, it eicht net be practical to Try to
eliminate the wasteq but rathor to reduce it or its irpact.  You srould

refer to the specific areas in the toyt for turthor

Nl

exarple, if you find se
ta Section

rofer

ey ]

3I.0fF the ot

Food Preparation, you should refor

i

nrantets

I&

tf: \,‘ ‘k—l

2t

b

S B

§]

ot o
:
¥

[SES

inforrmytion,

Yor

catyy ctina, oy akaygld

in the

O R

G

at
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— A — 7 R I e — I
BASIDENTIAL ENERGY CHECKLIST . ;
: \,
House:  The Shell \ yen no
1. Are plants properly located around the house ’ |
to provide a break against wind and <hade ; |
agatnst unwanted sun? f 7
S Are drapes and furniture located oo they dd” f ;
not obstruct heating, afr-conditiontng or :
ventilation? ;
3. Are draperies insulated? . . ;
S0 Do draperies £t oanuw (. ’
] ¥
G, Are ecterfor kouse dacrs cloned quickly :
after use? I
&
G, Are Tiahts and appliances turned off after use!
7. i you have starm windows and doaors? i
o Are a1l door and windows properily caulhed
cand weathers tripped? - .
I — |
G, Are drapertel asd shades clohed at night and on ! ;
cloudy, windy day. during the heating neanond i !
100, Are draperies apensd to ad=it sunlight on wunny ;
Jayy i the healing seasend 3 i
i z
1i, Are drageries and shades closed on o sunny days -
X E ) f s i
Juring the cooling srason! i !
‘ | |
’ i i
1o, D the attis vertilated! |
i !
Voo T the attie dnsolated to o8 y i
H i
T4, Are thé walls Insulated? ! !
i 1
| |
1, Do tloors expored tounheated or coaled air | i
Nave from -7 of inwglationd ' !
! i
i
16, 1w the fireplace danper closed when not in e ; !
V7. s the den, gameraon or tami by room orfented } I
to the south/ : i ;
] ) - | i
1, 1s the house shaded trors the westarn sund i :
: » ¢
/ i ;
} | i
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Is the alr- cbnd1t1cﬁing unit properly aiLEd
for your needs?

i

o you havp a heat pump

Do you use natural ventilation as much
as possible? -

Are radiators and other heating or cooling
equipﬁEﬂE élgan and dust free?

=§

I;{the water heater 1Dcated in a heated

1f y@u'?WVP in an amartment fs it an "inside"

'3p31&1ntz

e
(]
>

o~
-

Food

a5,

If you Mve in a robile home, does 1t hawe
a "seirt"?

If you Tive In an older home, have its
plumbing, wiring, insulafion and chimneys

_been checked by "experts"?

I« the frost on thp retrigerator.and frepgter

Tess thap L inch thick? y "

Is the refrigerator set at 30°r?
Iv the freezer set a 0°F7?

Are gaskets around refrigerators and freezers
tight? ’ :

i

Is the ow'n used to bake more than onhe fhod
at a timpe?

[« the gasket around ovens tight?

Are froren foods thawed completely before
tooking?

Iv the cooking range turnsd, oft tmmediately

after use?

no
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53, Are df¥shes washdd otly wﬁen there Is a
,7215 ful 1 Yoad?
54, Are dishes alTowed to of v dry?
QW S5,  Are ar::;ﬂ’lah tes ¢Tean ahd dust free

(particu’iaFIy cm:rlhng coﬂs) '

L o

Gl Ts the nuen ne—vﬂr' tﬁed a5 8 dryer or heate r?

57. Are flat bo tton pot< and pans used?

588. Is a timer used to avo id over-cook {ng?

o |89, Are jots cover-ed. furing cooking? '

60. Isas Httlewater a3 possdhle used during

' Scookdngr o h

6. Is.the heated 4ry cycla on the dishwasher ( B
not usedy :

Clothing )

62. Daes your fanily dresss warmer in cool weather
to avoid mechanical heating? : :

63, Does your fanily dress cooler In warm weathoer '
toavo=d wchanical coling?

64, Are dothes washes only when there fs a )
1timd?

65, Hhcn wesh 1nr,=.1 B rﬂld or warm water used when

55 fble?
\ 164, Are 21cthen lre drfed when pm'f;iblé’?
167, Are ront of jour amlly's clothes wash-and~wear, ' 0

permane it s, to avoid dry cleaning and
TronAng? , :

63. Are clothes Vways rinsed with cold water?

63. 'Is the wacher Tocated naar the water Feater?

10, ls the dryer 1int screeA cleaned af ter cach

— e e




Personal Care ' yes no

711, Do the members of your family take §h§ft
showers or use only small amuﬂts of\water
for tub baths?

Are all water faucats repafred and not ,
leaking? ! E ’ 3

13, for washing, shaving or make-up Is the
lavatory filled rather than al1gw1ng water
to rin?

Entertainment

1&, ‘Are entertainment devices turned of f when
not In use?

/5. Do members of your family try to entertain
thersel ves rather than rely on davices?

--1f you. answered with 65 or more yes's, you are truly an energy conservar
and will make & gegd coﬂsurvatiun advocate.

== If you dﬂSHPTEd with 55 to 65 yes's, you are ¢nerqgy conscious but Tack
will-power or drive, .

--1f you answered with 45 tg 54 yes's, you are wasting energy, but with

minor chanqes could make a conserver,

- If you answered with 36 to 44 yes's, you are an energy waster and should
make an all-out effort to re?brm! .

{

== If you ﬂﬁSHPTEd with less than }4_ies §. you are making an effart to

waste enereqy unﬂ nhand:cqns§J=} t éRTang range ond fmmedfate effects!!

' '

Suggestions:
1. Digtﬁiéute these checklists ﬁzhagiswidé,

2. Try a befere and after approach to using the chackiist. Check
besfare your conserving effort and after, -

4. Survey students to see {f their families are generally conservative
or net.

. m

“ult)
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ORJECTIVE: TO FAMILIARIZE STUDENTS WITH AVAILABLE TYPES
OF INSULATION AND THEIR LABELING,

R

p—— ’ - _ , i,mf,,’:j,ﬁ:,,'—‘ﬁ _ e

There is a wide variety of insulation available today. They have dif-
ferent uses, R-values, and forms. " As a class, try to collect five to ten
different types and develop an information display indicating the R-values
and uses. Try to obtain the following types: (1{ loose-f111 mineral wooly
{2) loose-fi1]l 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 Sampie Lubel below: '

NAME OF MANUFACTURER
Loose Insulation A

Welpht of insulation per bag: 30 lbs. The manufacturer recommends these
maxfmum coverages at these minfmum thickneases to provide the lovels of °
fnacalled inaulntion rentntance (R) values shown:

Tt

R . ) iHl.nifnum : Max{mum net
Value ‘ ' Thie kﬁf‘ an ‘ ' Coverage

TR e e s S S e e < i i K . 1 ot et e i - = B et

SRR = e

tnntal led forulat!on Contents of this
To obtaln an fnmanla- should be not bag ahould not
tlon realntatee R of:, lenst than: . «over more than!

124 8 1/4 pches thick 28 yquare feet
R-19 6 1/2 inches thick 1% aquare fect
R=11 6 V[ tnches thick 90 aquare feet
K- , 3 1/4 Inéhen thick ' 75 aquare feet

Sugaestions: '

“1. Seek insulation from building supply stores, building contractors, and
insulation suppliers.

-

'

Yaur Tocal util ity company may have an insulation display and demon~ .
stration which they would present at your schoal. -

3. Be careful with fiberglass insulation--it {s glass and can penetrate
. the skin causirg a great deal of irritation.

e ——rrrr
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OBJECTIVE!

TG reducg the heating aﬁd coc]ing CﬂSt§ in a hame it 15 1mpbrtant to
reduce air movement in or out of the home.
way to reduce infiltration 1s with weatherproofing:

weatherstrips.
infiltration is 1ikely to occur.

TO DETERMINE HOW MUCH, IF ANY, ADDITIONAL
WEATHERPROOFING NEEDS TO BE ADDED TO YOUR

The cheapest, most effective
caulking, putty, or

Below you will see illustrations of several locations where

Refer to the illustrations and use the

checklist to determine the ﬂonﬂitioﬂ or existence of weatherpronfing at

your house.

|

L L L

1.' WINDONS

winclows,

_ping 1n all places with-no
drafts. .
(| FAI§ - WéathEFStFippiﬁg damagéd'@r
‘missing in some places and
minor drafts. 1 B
1 POOR - No weatherstripping -at all
and very drafty.

Check the circled parts;of the

- 3 OKAY - GDod,*unbrdken weathér—

minor drafts.

_very drafty.

stripping with no drafts.

3 FAIR - Meatherstripping is miss thg
or damaged in places wath

= POOR - No weatherstr1pp1ng and |

'<

Check the c1rc1ed ‘areas of yau#

) OKAY - Good, unbroken weatherstrip-

door,




. Look at a typical door and wirdow
area and check ‘the circ1ed areas
careful ly. . :

(=) OKAY - CauTking fi11s all cracks

around the door frame and

7. the putty around the win-

dow 15 unbroken and salid;
no drafts.

' EJ FAIR - Putty and cau1k1ng are 1
gracked or missing, caus-
ing minor draftsn

Lo | S PoeR - No caulk‘ing at all and the

Conclusians: ( X . putty is in very. poor con-
' "dition causing very bad
. drafts. !

] . " - 13

If you checked;¥a1r or pca? for any of the thrEe areas, then ‘the weather= ,
stripping, ﬁaulking, or putty needs to be replaced. If all areas are okay,
~then you don' t need ﬂau1k1ng. weatherstripp1ngﬂ or putty C




' ’ACTLIVITY v
QBJECTIVE: TO: DEHQNSTR’ATE THE NUMBER OF APPLIMQES IN-

THE ¢HOME, AND INDICATE THEIR APPROXIMATE
ENERGY CONSUMPTION AND cosT GF DPERATIDN;

Few pqnp1e realize how many app11anees they have, and certainly don't
realize how much energy they consume. Below you will find an audit form.
you can use to record information on the appliances in.your home. The
‘audit provides a 11sting of the most common 1tems as well as their annual
energy consumption; it also provides a check for maintenance or condition of
the item. Record all the items in your Home, check their .condittion and then
tally- the annual consumption rates, Use the cost per kilowatt- hour in your
area to determine the annual cost-of the appliances in your home.. Make re-’

commendations. for, the maintenance of 1tems fram ycur ChEEk1iSt
i . N f
- . . APEglANCEﬁA DIT _FORM
. SE3E| SE3| £ |_|2|g|85(28 |, |
x 235 E |8 @3]ad |E|%|Y 28|85 |8<]|E
& S22 2 | EpZ2 122 |E 2|9 |48 |88 |B5|E
s s . WIdE e |28 0. 1ol ja ko =z (Zoelo
E:cc;zmplé L o , N ' ’
Hair Dryer | 14] 2 28 . A A
.-f Air Cleaner 216 .
“Air Conditioner| 860 .
+ (roomy . | | s - o B
Bed‘Eover?hg’ ' '147" T N ' T
BTender 15 |
Broiler 100 -
Carving Knife ) } B B
- Clothes Dryer 993
- Coffee Maker | 106 | B i
Deep Fryer | 83| [ =
- Dehumidifier - 377 v
“Dishwasher - | 363
Egd Cooker - | 14°
Fan (Attic) 291 | >
_Fan {circulating) 43| | e
. 4 Fan (rollaway) | 138 S )
.o Fan (window).. Y170 | . ...
Freezer,15cu.ft {1195 ] -




~ - APPLIANCE AUDIT FORM (_CONT )
| S e BERE
38> & 583 & & Ensg dg
5 G288 E B.p228E o o 5B 22 B2 B
& ﬁ% S BhBZ 85 8 2EF U HB E
Freezer, 15'cu.
ft. frostless |1 761 R
~ Frying Pan_ 186 |-
~GermlcTdal Lamp B LI DR
Hair Dryer = 14
_Heater (portable) | 176 ‘ _
" Heating Pad I S [ A
" Heat Lamp 13 Y
Hot Plate 1 - 90 . L )
“Humidifier -~ 163 o
Iron (hand) 144 i
_ Mixer ' 113 - ,
Oven, Microwave 190 - B
A Radio /1" 86 -
Radio/Record _ “ !
___Player_ _109 W _
“Range =~ ) B ' o
with oven 1;175 -
with self-
~“cleaning aven 1,206 - - , ) . N
Refrigerator . | | [ .| B '
12 cu. ft. ‘728
Refrigerator 12 o :B
__cu.ft. frostless|1,217 .« - i
“Ref./Freezer T 1 I 1 B
14 cu. ft. {1,136
Ref./Freezer 14 )
__cu.ft. frostless|1,829
Roaster 205
Sandwich grill 33
Shaver f 1.8 | L _
Sun - Lamp 16 | ’
Television
-black & white _
tube type 350 1 _
black & white o ) R
. solid state 120
" color tube type 660 . ! u
color solid state 440 :




|

Tooth Brush . 0.5
- Trash Compactor | 50

. . el
- Waffle Iron - 22
-Washing Machine

APPLIAHEE AUDIT FORM (conr ) o

S
5kt

BAD ﬁnsmfr
THERMOSTAT

PROBLEM.
. NEEDS DE-
FROSTING

Toéster ) ‘_” }'W .39

Vibrator

automatic

. Washing Machine -

 Water Heater

non-automatic *
Waste Disposer
Water Heater

2475 watt

4474 watt:

TOTAL CONSUMPTION

.R

o X s
' total no. kwh tonsumed  cost per kwh -

~ How could your family conserve an_their;appiiance‘energy'ccst?




'63¢ECTLVE: TO' ENCOURAGE AN ENERGY CONSERVING -
o ETHIC FOR STUDENTS

_ Be1ow you will see a 115t of 1tems and activities whid\tgequire energy
for their .manufacture, use, and disposal. Number (rank)>“these {tems 1in
order of importance and necess1ty to you. Mark your responses 1n column
A—=number 1 being mast 1mpnrtant on down to number 20 FDr least important.

A : . . : B . C
_Eéxwatching television : : o o
Q;QLhot water for bathing ‘ S — I
___electric toothbrush . ' o e .

v waffle iron. ~ { _ S L
—__synthetic clothing . - e
—___reading a book : - : L -

T - eet;?g a raw apple _ : — —

. T nners : ‘ (
'} " car ride to the %tcre e _ - L
o f _ drive-in movie - . o a —
' ____ making homemade ice cream o -
—lipstick or cologne . I . —_—

aerosol deodorant : —_— —_
electrric hairdryer L . —_ o
bike riding., _ C R -

. a walk in the sun ' L —
___ candy ‘ ——— —
T nighttime football games ' — .
" hot lunches v S — -

~ school buses : : — S

~ Now that you have ranked these items accord1ng to their importance to you,
0 back and.rank the ones you feel are most energy intensive in Column B
?Fram "1 to "10".) Discuss your answers in class. :

" Now mark in Column C the 1tem5 you could do without which would help you
and our nat1an conserve Energy Discuss your answers in class.
* . ta

'Suggest1on5

;1; Develcp an Energy A1ternat7ves bulletin board for the school.




QBJECTiVE: TO AID THE STUDENTS IN UNDERSTANDING THEIR

LIFESTYLES IN TERMS OF ENERGY REQUIREMENTS
AND TO PLACE THEIR LIFESTYLES IM WORLD -
PERSPECTIVE,

. The L1fe;tyle Index 15 des1gned to demonstrate hnw mich enerqy an indi-
S vidua] uses each year and how his standard of 1iving ¢ompared with that of .
< an average fndividual in other countries of the world, - _

. The basic unit employed 1s the Energy Unit which 1% ﬁquiva1ent tc about
10 ki]owatt hours or exactly 34,300 British thermal units,

[




P — ' _ P———— ey
Fart [-A, HOUS EHOLD ENFRGY EXPFNDITURF§ ; L .
: (Precise Hethud) :

;'. £

The most precise method of Lalculatinq hnusphﬁid enerqy Pxpénditurpr 1; too]”
convert quantities of electricity and fuel used to Enerqy Units: hv%appiylng

" the FQI]QHinq conversion factors. If you have not retained billsifor the
past yéar, qo directly to Part [-B and use the approxfmate method. If you

. do use this precise method, omft Part 1-8 (except for. the fnrricn on Resi-
dential Bui]dian Materials) and omlt the section on Preparing aﬂﬂ Prosery-
ing in Part 111 (Foods and Beverages) and the ﬂrtiDn on Flﬂrtrnnir pr
pliances in Part IV (Leiggre Activities) P .
ELECT R!QHY= 7 ) ' i , + e g ¥
M tiply total kilowatt “hours s sod in the 1n,t : B AR 4
12 months by the conversion factor 0.368. - . ) ‘ %ﬁ

_ NATURAL 6GAS
Multiply total cubic feet used in the last 17 Ef g ' o
manths by 0,038, ¢ i _ : . o '

CUEL o1t | » . - (%2.

7 Multiply number of qnllnn* ueed in - the InﬁEg!? ) . '
nnn*hs by 4 5, o

; ' _
Divide total enerqg j' units by munhv of ysersin . ;
the hotisehold and enter total here and on pane
244, . ' .
; . . 5 . T
. Y

. | U S
Part T-B. HOUSEHOLD {NERGY EXPIRIOT 1URE S
(Approximate Method)* :

HOME APPLTANCE S , S . R
L Vafuen Tisted in brackets are averaqe ' \ FIL(I(I APPIIAN(I‘ . v\.
cobnergy "Hnite geed per-item annuallty e ¢lock 6} =
Multiply hv the numher’of itoms in thc ' floor policher 6]
howe ., Appliances used in preparation Caewing machine 11
nnd‘wrﬁfvrvinq of food will be tiaured acuum ¢leaner [
in Part 111 (Foods and Beverager) _ air o conditioner L&n{
_ R _ e hed coverning [ ]
Hota: e the Mapproximale method” o dJehumidifier [¥on]
to verify your utility bills. " If yours, © sheating pad ray
actual bills are much %nw:r,thigftju‘ B humidifier [ 60]
approximation, be conservative in the . . aermicidal lamp [5)]
rest of this activity. ( If your bills . hair deyer (5]
are hlqhvr‘ (Dmp(n,dtv raising your _ heat Tarp 5 i« S
_ R _estimations for Parts 1 through. VI'"NH.‘..x._..(iéirgrcq)‘ R Y
) - 5 -~ ahdver (0.7]
_ o S ' ggﬂihbrugh 0.2V . |¢
‘2;;(5 ‘ S 3 . | S
. _ : : - 4{#
. ')'J(J s




vibrator 0.7] Ul SPACE HEATING ' .
tlothes dryer 365) , o ELECTRICITY, NATURAL GAS,LOIL AND
tron (hand) ,  [53] " SOLAR HEATING '
washing machine - If you have not used the precise
(autqmatlc) (18] . mathod of Part [-A, the following
ashing machine table will provide an estimate of
nanAutomatic) [28} ¢ space heating, energy expengiture,
water heater o . depending on location and type of
(ﬁéandard) [1585) : heating, - . ’ s
walar heater i ) ' i
. o g § ni- Hnt. o on

-{qulck recovery) [1770) ; %lﬁg, Gas Sﬂtai

GAEIS iLEASFE ﬁr 277 - . Hafthaa= 6480 5360 6INO <=
es dryer [277] | Mid-Alantic 500 4800 5720 2210

water heater [1170] ; East fortd o

| subtotal & Central 6030 4900 5940 2290

HOME LIGHTING o Nest Naorth
hFigurp% are for averaqp annual Central 53150 4440 57R0 7040
“use.. If your househnld uses South Atlan- ’

mare or less, increase or de- tic 4460 1700 4400 1700
crease accorvdingly, Fast South . N
k : Contral- ADAO 3330 3960 760
Electric Vighting [268] Hest Snuth , B
Ornamental r]a’ o T Contral 2900, 2400 2R60 H70
11ghts [668] Mountain 4910 A060 4840 1870
L 1ubtﬂaq1 Pacific Won - 14N 3740 1440
COBLING AND VENT[LATFON COAL
LIMTRAL-AIR (DHUITIGHINL ] Mltiply tonn of coal uned
Hiew England- - 75 ' in the las t 12 month by
T Mid-Adant ' &Q’TJ 175, IR
o Fast Nort ,.n%;a% 505
Wost North Central EWD:] WOOD -
South Atlantic Multiply cords used in

 tast' South Central %l;b@i Jast 17 monthe by 620,

. West South Central [T?]ﬂJ\ i :
“Mountain {1058 o RESTDEMTIAL BUTLOING MATIRTALS AND
CPacific [i‘l(] GROUMDS ' _

Tatal norw construction enerqy
V CENTRAI I\IR CONDITIONING o {including mindng, processing,
{qas) [1046 ] T ofabrication, tranwportation, and
. e . sales) has peen ablottid over the
COOLING AND VENTILATION (noncentral) average Titetime of the home be
7 fan (attifc) _ [H“] fore major altepation. are res
fan (qircilating [16 ) quired. A 2h-year span nas been
fan (Fﬁi?!away)‘a [51 { -~ ehosen for aﬁnrtiz&tiﬁn If aur
fan (window) IR Cresidence wan buibd o in thelay
olectric room air . Ph owbara, add the ?Uﬂnmr,-; fm
conditioner’ (1161l , butlding materials.
‘ - iubtﬁ*{T .
¢




slnqlﬂ dwall%ng [54&] o
2-f0ed ynit =
Aprtment, [6&?] '
h-unfts or more

apartment [6681
public housing [700

ADUTTIONS AMD ALTERATIONS
Multhrly daliars expended
for this purpose during
the past year by 1.1 S

§uﬁtnt§|

fmmimaammHGAnum
PHGYNES [50] o
RTINS %uhtntal o

Add a1l fubtotals in Pgrt 1-8
andl divide by numbar of usersy
in household,  Enter total here
and on page 244
B Tnlal

. N i
HOUSEHOLD H&fiﬂlﬁly .'\H{,i ;
PERSONAL TTEMY

torequires enerqy to.produce a11
confumer products  from houss  fur-
nishing tg ¢lgarettos. | Cohsummr
Ptoms suth A% Puis aﬁﬂf%ﬁéﬁ?ﬁﬁﬁuifﬁ
enaray At overy step of processing.
froralvalating Lnerqy Unit.‘ it 1
necRasary to Include raw mﬂtvrijl

(1

Pard;

o Individual,
. vheavy user,

ﬂ;HEARIHG APPARTY,

procossing, frefght, and nwrihnndizlﬁq

Handeratfting syrh hoysehold materials

A drapesy does not result In oanergy
wavings, since an electric sewing

rachiine yrﬁbah1y UsAs MOre PRATOY
than 1Fomasys production methods

we s phed

(ur&iun[)rMTrﬂtnl' o
The ‘ft.\l]nwim) fne’ﬂrq,. Hni[g ”’"{”l”f‘nt

anmgitl expphdityres for maaufactyring

and yarchandising houselotd items.
Operntidg energy will b caleulated
in art ff far radios, phonographs,

and BIAT14F Lfeéms.  Energy unfts are
caltulated For the individual unor,
Make aliowances {F you are o hpayy or
iRt ysery :
. furniture

“electric appitances

=N

LA LA Rk RA R R AR 42

I

f eléftﬁﬂhic #qu1pment |

ad! hanay Faphs, e
ra )0 PrOMTARRS gy
patt@ry,_earth#nwarg
china ‘ (51

other hau;ehﬁld wares . -
Acutlery, giq%%uarﬁ
atc,)

rugs and flonm coverings
_nther textiln Furnishings (73}

Lissues, pafnr Lowels,

- and other househnid papﬁf I
& products I
ocleaners and snaps ;

an

FiRgﬂNAffIfWMﬂ {33; |
Adjust, according to whether th
15 n lith normal,

The Targei fxpenddturs in fhn Cann
of women's apparel 15 due to
larger dolTar sales and larger
aneray n:p#ndhtud:' ‘6f patablish,
mants selling such apparél

men and boy L ( ﬂﬁ]
women and glrls, f""f )1]
MISCLLLANEGUS S

tpiletrics ang

S bewity alds BERI

heal th and ‘ e

tfﬁéi?f”iiﬁ] suppl kv . 158]

Cthbdcco prodycty ;

(V.6 facks por day

for average oina- 1

rette smoknrs) Hel
choos, footwpgr T!’.{;%
nther lTeathap -
~products (TU*’ %’Ml‘ ¥
rlﬁtxzi W, f¢>vw** ) 523
“photoqgr a;)fhi sappling 6]
jewelry [17]
costume fewnfry (97

Subtotal

Add a1l subtatnlse in Part 11 and
enter here andg on page - IR
' Total . -

e

'nlﬁuhtétgl”ii:;wA

|

EEPIE



Part' 11,

) 5
About 12 percent of America’s

energy 1s used, to produce, transf~_

port, sell, and prepare foods,
A large proportion of this {s.
concentrated 1) meat products.:
If you do not L
meat category/and add extra for
veqetables, [1f you produce your
own vegetables by hand and without
fn?fi?!:?f
Energy’ Uhtts for vegetables
Endray Units are calculated by
appﬂrtiﬁnlng food agricultural
enérqy, nxpsnditurs raceording to
the dpllar bas{s .nf the food cate-
- gories in Reference 12 and making

adjustments far {mports and exports.

- Average yearly. cunfumptinn ppr
~€apita is gipen in parenthese

CRRODUCTION _
meat; Co
sbeef (114.8 Ib/yr)
Crveal (2.2 1b/yr)
tamh and mutton
(3.4 1b/yr)
pork (73.0:1b/yr)
chicken (42,9 Tb/yr

" FOODS AND BEVERAGES .

hat meat, omit the,;Tfia

“do’ not include the jq o

turkey_(B.9 1b/yr) [163] 3
dairy prndurt' (3561
db/yr) ' [411
eqqs (318 eqggs/yr) (17 ]
vegetables and mejons. ,
(excluding home,§ardensy . -
"7 Ib/yrys {207
frufts and nut“*ﬁl?? i
1h/yr) R []4] L
fUQd qrain (141 lh/yr [7] ;'fff'5
augar: 7
refiped (103 1bjyr)
corn syrup (22 1b/
wvr) (7]
beverages (coftee, tea,
cotoay 18 1b/yr) (4] o

edible vegetable oily and -

anznal fats and oils .

(53 1b/yr) [17]

FiahTL) Ib/yr) (1] .
R Subtotal

“ TRANSPORTATICN O F00D T0

.. PROCESSING PLANT AND STORE

o bimvtﬂl]iﬁ udh*

nru RFOOD CONTAIMERS

¥ qlass

Lo dairy products

st T ed beverages
Lorawine

Omit 1f YOU: GRGOW your G préduce

'nr buy most of yogr food at a farm,

[16] vhﬂaxa
R ~o Jubtotal —
. PROCESSING
O meat [28] _

Jdairy prndur** ?4] o
canned and. frownn ‘ B
foods 28]

~Agratn products - 6]

- bakery prodncts (13] B
sugar . L21] _
confectionery (4] o
miscellaneous Foods [32] .

. beverages [24]

’ %uhlotal o

' OHTAINLR*

The Fnl1owinﬁ Enprqy Units are

for _one 12-ounat enntainer used perf”

day:throughout the year. Adjust

accordingly.

BEVERAGE CONTAJNE RS
refillable glasy
bottles - "

.. one-way qlasy

" bottles

: tﬁ L

(steel and d]mﬂﬁv»-fju :
num) - . (577
alumbnuih cang [96]

[3]

,ublntal

‘papier ,
L steel: (cans)

~aluininum
PTaSticff,” o .
i ”'5uhtatnl N -

R&fAILiNG AND NHQL&5ALINE tNLRGY
EXPFNDITURF)

Calculated on the )931, QF gpggpry i;;

Food 1'tems,
L@SJ .';14
[16]

sales for various
_'meat

939




fish (7] o

procdice [26] )

caned and Frozer T

f 00cs [30]

grains and bakerv T

p rocuc = ("N

sujar and confec- o T

t fonary procucss (3] )

beve rages (nonal- T

coho lic) (73]

JMisc el aneous Foo ds [‘I Bi _

alcoholic beverages [20] T
Sutotal

o

PETFOOCS

Mul tiply the pounds of meat
produzts cons amed eac h week by
0 and the pounés of jet food
“cereal products by 12 to get
the: tota 1 Energy Units.  Then
Hyvide this figure by the rum»er
- of persons in the househ old who
reqarcd tae pet as the rs . -

Sub ot al

F0GD PREPARAT ZON AMD PRE SER:VIMG
Tf wou caleulated home fuels by
“he precdise methoad In Part [-A, or
Cif Al T your meaals are caten out,
=his cec=ion sho dle be sKip ped,

ELE (TRIC APPLTANES
b ler=der [ 6]
broiler [ 37
carv ina k=i fe [ 3]

caft eerak ar L

10
13
5]

-
LYy

deep fryer L 0]

d iskwashe [ 133]

&)y cocke B
freeer- (15 cubic ft)  [-40]
free e (Frastiess, 15

7 Fé?rig!frizr .

)

a4 cu, ft.
refrigerator-freezer,

(frostless, 14 cu. ft. [673]
roaster 15 L
sandwich grill 3_12 o
toaster i 14 L
trash cormactor 8]
waf fla {raon 8]
waste disposer ny
GAS APPLIANCES
outdoor gas qrill EID{) .
range (apartnent) 359
range {single unit) EJS? .
refrigerator 509)
Add Energy Units for electric
and gas appliances and d lvi de
by number of users in household
to get sub<ot Al

Suptotal

Add al7 subtatals in Part 113
and enter fotal here a&nd on page 244.
Total

S,

Part IV. LEISURE AZTIVITIES

Estimates for leisure act ivities
outside the home vavy considerably
with distarnce traveled, reans of
transportation, equ-ipment used, and
frequency of use .

ELECTRONIC APPLIANCES

“Omit 1f you es=imated electric ity
used by the precise method An Part
I-A. Energqy expendstures far mter-
1als have already been czlculated
under Household Miteri als in Part 111
Figures are for operat lor only, com-
puted on the basis of averaqge elec-
tric use per jtemper year (4 hours

U T LT
cubl ;(fl";gﬂ o1t ] daily for television, 6 bours woekly
yrm A for stereo). Mzust accordingly.

h@t D]t,l te g'-j-;.i i "‘iliﬂ 1; -
ComExer 4] ad ard . O

oven (n-icrowave only ) [70] gigzggm‘:ﬂr‘p pliyer ‘11(-; —

range (seif-ceanding)  [a13 ;} ] telovi sion '

rg;nqer( reciul.ar) ; E=XVa black & white (tube) [179)

rerfr f{]L‘ rator (]‘i: L Biack & wh. ( 01 1d

cu. ft) (o8] state) (4]

re-frge rator (frost- S )

less L 12 cu. ftr ) [a48 ]

M40




O

ERIC

Aruitoxt provided by Eic:

'D("‘ (=une) 043
Jotor (;,n 11 d
State (16.7]

s.h=oral

CLUTURAL AHD LZTZRARY EECREATION

STTERARY AMTIVITILS -
DS PR PET ey -
ATRI f6 ]
Seriodicals 5]

tSer At Tyoe -

wroitor materials

and operations) 1]
swhroral

(=AFTS

Activi b vt a0 Jussuntmg,
floral crranciog, kel tting, and
sess g regiive Toss tagn bobneray
st anc have besn onitted. Yor

pther actevil e, add Foevagy tiits

dccordirg ta the folloawing neates,
adu g bicures for pore inten-
fivr L aerra l, e less intapsiye
TR

(1 to 16 Energye dniis]
Pamn=ine, draweong, “eatherwere,
woodoarying, sculpturicg, staep

cotlecting, con o decting, col

lew tanag articles wuch e bottie,

(10 20 100 cnergy Uit |
Noodwork ity (w ot eie trae Tathed,
poftery wors (vwicth bvie ), ket
work g (with sorge o aven), ro-
o no

MESCELUANL DU ACTTVIEIES

L\-i!iigli T

SPORTS -

Outcoor spectator sports require
very amall amounts ot eneray {except
far night basebal? qames and the 1ike)
atd may be omitted. Some participa-
tive sporss Jjoacging, hikinag, and most
field events™ require: only human en- §
erqy.  Others, such as baséhall  foot-
ball, other bhall games, swimming (in
unheated noois), surfing, canoeing,
shating (on natural dce), fishing
(without o motor- boat), biking, sied-
ding, ard indoor panastics (yoga,
karate, judo, acrobatics) require less
than ~ [nerge Jri= and way also be
optitted. Tor otheor participative
sporte, add bnergy Uniss according te
the tolTowing scates, adjusting -
qures for pore ansensive and tess in-
fensive uae . Lot your conscience be
yuln® i de,

[1 to 16 inevgs Unity]
Indoor baskeshal b, velteybal T wres t-
Pinag, bexing, wcuash,  handball, out-
door Lernis, Qo= ting, camping,
a bl bt sai i,

[70 to 100 fnevgy Unity]
Tennis cos coay umrtL Ghiing, horac-
boack sicing, maa=adn, o Timbhing, cav-
g, ouha dvieg., ‘

CMors than 100 Enevay Unis ]
Bowling with autosatye pins, indoor
awimming (pravate ), rotor boating,
water ob ing, seoweolst Ting, tox hunt-
ing, ticld polo, deep-ea flahing,
yachting, aivplone flying, dune gy
riding S bt

Coamrerent parks [ 0] Add alT wabtotals in Pact 1V and
ot bor pl o ture (4 cnter total here and an page S
rrion e year) | 9] Total
[1:]

RV B IR TN ST
rwent - [ 4]
ot dbat
)
1
).\' it
L ‘l" =



)
F

FICYCLE
Meltiply miles pe- yoar
Ly .01

FUBLIC TRANSPOATATION
Multiply milas traveled per.
vear bty the following number.
urban rass transi=z 0,14
INercity trakn 0.094
Brighway bus -0.042
Subtetal

A all subtotals ir Part YV ard
enter here arnd 0 pege 244
Total

SOCTAL ATE COLLECTIVE

SERVICES

PRIYET. STRVICES

[a_acddition to the personal uses of
e rey sconsidoredd o rar, ceFtain so-
cial and collect-ye uses must he
chargod to the gitimate consumsr on a
aerocapita bastss W may et atlensd
chools or use hespitals ourse Tves,
LB neeessery o expend enery
foobeor them avat lable.  If you nee

wre that  cortair weo-vices do not app [N

oovon (Tor instance, beanty parlors) .
They ey be onitted. Maltiply by 2
Aeayy paey divide by O ofor Tight use.

(43

LG

v

MONROE 1D (TNCTUD TG
PETGIeUs)

(6]

l

Fvundriee, (18] B
Deduty parlers. (1] ’
barber shopy P

photoagraphi

'i‘-""&'i\:.'l' 3 ‘| ]
. ‘,’th-")f;f,v sebaie - - | l

EN . ‘. : i .

Aiheral Lervicoen By

REPATES  (NONAUTO)

BOTED AND TODGTNGS

far

NN -

BUS TNESS SERVICES

“ e

advertising, sign
painting
SArvices
inas
busiress
sul ting
credit
duplicating, mail-
s Ty

L
ra
-1
=,

o0 build-

and con-

= ™ =
[ ]
[ ——}
o Mok

et =t

fng, stene
comercial
and testing
detective servicely
equipment rental
trading starps _
Subtotal

L]
e g T L

research

[ T T T B M
L QM

PURE To SERVIGES

ATl citizens have access to
the following services and fa-
cilities, If all of them apply,
vl sudtotal should be 637,

The fnevqy Units Tisted apply to
both cons lruction and operation.

Hospizals (public

and private) [211]

oducation {(public

and private) [80]

e lephone service .

{3 calls por day) (1 -

other pablic utili-- ‘

sian - [16]

Bl ghway cons tiruct Ton

and e intanance [186]

conservation and

deve lepnient. ot

eSS o

SOWET SV Loy [

WATeT svs Lens |

trash col lectionh [

Subtotal

GAERNMENY SERVICES
sGovernment soryvices/are najor
users of enerqv. Since all are
benefited (or harmed) by those
services, the total endray ox-
ponded must be (,Iiﬂd(?@'nmng all
citirens. Heliable sThtistics
tor federal enerqgy

are {‘,Vs]i I!!h—]l‘

expensditwees, That 15 not the
case for state and local govern-

sebvices.  They ave

241

O

ERIC

Aruitoxt provided by Eic:
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Part V.  TRANSPORTATION j VEHICLE CONSTRUCTION AND RETAILING
’ This assumes the life of your

M1 forms of transportation vehicle is average (about 8 years).
considered below include a Divide the weight of the vehicle by
factor for associated costs the number 6f users and multiply .,
(fuel refining and retailing, this figure by 0.154, o
vehicle manufacture and main- ) ' o
tenance. THSUFEHCEa etc.) except OTHER MNONBUSIMNESS TRANSPORTATION
for highdgy cefistruction, which ~ Multiply the number of miles tra-
is-includedin Part VI under veled per year by the F1gure5 indi -
Miblic Segiiies. Energy con- ‘cated.
sunmed in freighting is included . train 0.0948 .
in the consumer product or - highway bus 0.042
d service and is thus not counted yrban mass transit 0.14 -
separately here. _ commercial aircraft 0.30

~ modern cruise liner 0.487
NONBUSINESS TRAVEL , yacht ) 1.4 T
PRIVATE CAR - , bicycle 0.016

This is a major part of your’ Subtotal ~+
lifestyle energy use and should , | T
be calculated as closely as pos- RIDING TO WORKY &
sible. First, determine the num- The wultiplying factors here ave
Ser of non business miles trayeled larger than*in the preceding sec-
each year by subtracting miles of tion becanse theéy include associated|

- business travel from annual car costé, such as vehiclé ma¥atenance
mileage. Divide by the average and construction.
nunber of passengers.  Then multi- o /
oly this figure by the followiy e
HU%DEF, depending on your car's ﬁr!'ATE ;Apf o
miles per gallon (mpq). b orst determine ﬂﬁ?Pal nileage by
’ 1 v, 1o iplying round trip in miles by

8 mpg. Multiply by 0.50 - , R
mpg.  Multiply by werkdays per year. Divide by the

14 mpg. S, Eq )
() m;g w20 number of passengers and then mul-
o6 méa‘ w016 tiply this figure by the following
N N ’ e punber, depending on the car's
miles per gallon (nmpg). o
MOTORCYCLE o = 7 mpg. Mu1t1p]y by 8 80
Divide number of nonbusiness 10 mpg. " " ) 56
T A, 14 mpg. 0.40
miles each year by average number 51 e " v o0 27
of riders (if any) and multiply ;H mgg’ . " OEPD
by the following number, depending <t pg- Y e
on miles per gallon. MOTORCY CLE
En SVRPER a0 OTORCYCLE- o
e o - = ( 2 = LY
;50 P Mu]tzp]y by 0‘09 Divide miles per year by average
100 mpg. Multiply by 0.0 A L A SRR 3
160 o Multioly by 0.025 nuber of riders (if any) and mul-
ol lpg. T _1p,y oy ULy tiply by the following number, de-
GAS, OIL, TIRES, MAINTENANCE, | Pﬁ"gj‘q on ”‘}f§ . a&‘??'
INSURANCE , PARKING 0npg. Mulliply by (.11
. Eor orivate car or motoreyele 100 hpa. " 0,056
For private car or motorcycle, 160 Swpa. " o0 036

rultiply Cnergy Units calculaled
directly above by 0.395.
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.estimated here to be equivalent to the federal government's non-military
energy expenditures in comparable areas. 7

FEDERAL GOVERNMENT . : . :
The major user of energy in the federal government is the military, with
~J 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 Unit-  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 o

{
Rdd all subtotals in Part VI and enter total here and in the space below.
: Total :

Enter below the Energy Uni% totals for each of the six parts of the
Lifestyle Index as each is completed. Then find your grand total.

Part ‘ - Energy Units
I. Household Energy Expenditures (A. Precise ' ‘
Method: B. Approximate Method) - -
II. Household Materials and Personal Items -
[1I. Ffoods and Beverages ' o
V. Lleisure Activities o .
V. Transportation e
VI. Social and Collective Services - -

GRAND TOTAL

You should now compare your total annual expenditure of energy with that
of the average U.S. citizen (10,000 Energy Units) and with those of citi-
zens of other{countries g¢iven below: X

£

ANNUAL ENERGY UNITS PER CAPITA IN SELECTED COUNTRIES

Afghanis tan 23 Brazil 435 Congo 212
Albania bz2a Burma 57 Costa Rica 378
Angola 130 Burundi g9 Cuba . 949
Argentina 1490 Came roon 82 Czechoslovakia 5590
Australia 4600 Canada 7870 Dahomey ggéa;
Austria 2890 Chad 23 Denmark 4%Y5
flahamas 4285 Thile 1255 Ecuador 263
Barbados 975 China 473 Eaypt : 241
Bolivia 175 Colambia 559 £1. Salvador 171




Ethiopia ‘ 34
"Finland :

France
Gabon
Germany
Ghana
Greece
Greenland
Guatemala
Guinea 85
Haiti 24
Honduras
Hong Kong
[celand
India
Indonesia
Iran

[reland
Israel

Italy

Ivory Coast '
Jamaica
Japan

Jordan

-

Kenyar

Khmer Republic
Kuwait. -

Laos®
Lebanon
Liberia

Malagasy REﬁublic'
- Mali

Nexico
Mozambigue
Morocco
Nepal
Netherlands
Nicaragua
Niger

" Nigeria

Norvay

Pak istan
Panama
Paraguay
Peru

Phi Tippines
Poland
Portugal

. WORLD AVERAGES

1072

,145;,

20
8610
Al
709
313
62
21

148
171

4325
324
21
50
4400
- 68
662
119
519
246
3690
685

Puerto Rico
Saudi Arabia
Singapore
Spain

Sweden .
Switzerland
Tanzania
Turkey
Uganda
U.S.S.R. -
United Kingdom
United States
Uruguay

- Venezuel a

Yemen 7
Yugoslavia

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: World Emergy Supplies, Statistical Papers. Series J. No. 16,
United Nations, New York, 1973 {(converted into Energy Unit ‘Eiues by the

| author). . _

(Adapted from)
Lifestyle Index
Conttrasumers by Alfred §. Fritsch

Source:




* ENERGY ATTITUDE SURVEY

\ —— , ——
_ _ - _ S— —

ACTIVITY ¥

,T OBJECTIVE: TO DETERMINE THE ATTITUDES OF STUDENTS
IN RELATION TO ENERGY.

L— - o iy - ' 7_’ A o - e = — — A " —

Often we are not aware of the attitudes and opiniops of those around us.
[t my 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.

246 23y




_ — - - L - — —Lﬁ
ENERGY ATTITUDE SURVEY
1. Do you believe there is an energy shartage? _yes _ no’ %;gﬁaﬁ‘t .
know
2. Do yDu be11eve you have been given a realistic p1cture of the energy
situation facing the United States? _yes . no. ___don't know
]
3. Do you believe most Amer1cans are energy "wasters? ,
‘ . yes _no __don't know b
4. Do you believe most Americans are energy "consérvers"?
___yes _ no __-don't know
5. Do you believe Americans are "spoiled", self-indulgent and reluctant
to take responsibility for the future? __ yes :;;nc __idon't know
6. Do you believe it is the respans1b111ty Qf every U.S. citizen to Cdﬂ*
serve energy voluntarily? __yes __no __don't know .
7. Do you believe Americans will conserve enerqy only when quernment
~controls are imposed? _ yes no _ don't know
8. Would you be wi]1iﬂg to reduce your standard of living to conserve
energy? __yes __ no ___don't know
9., Do you be11eve you as an individual can make an impact on energy
~consumption? f _yes _ no __don't know - -
— » f )
Would you conserve energy to save manéy? ﬁ:?yeg . no ___don't know

[

Do you think the noney 5aved is worth the 1nconvgn1ence of canservvnq

energy?  yes " nﬁ ___don't know
ﬂéi Do you think the energy saved is worth the inconvenience of conserving
energy?  yes  no __don't know
B3. Do you feel technology will "bail us out" of the energy shortage?
: ~__yes ___no __ don't know
§4. Do you feel you have any input or participation in the energy usage
decisions made by your family?  yes ~ no don't know
5. Are you going to do something to save enérqy7 _yes no ,l}ﬂan'tf'
know : .
] § ':ﬁ
; - — g— 7"7 —

T
- N

-2 )




3. Rurvey the teacheﬁg and administrators.
et mth from thg stﬂdent;v

&

,, /:; ENERGY ATTITUDE TALLY .
+H} 8}
_Question | Yes .= No ajFi __Don't Know & - S~
; )
3 L , , 7
— 1 _ . , _
5
6 . — . B 7 )
-5 L _ . N _
8
9 — —_— _
10 ) - ~ -
11
12 - o i ) ) .
13 I - ) '
14 .
15 S - )
R = - ~
50 : .
§.2
LL i = S _ R - . ~ I
o ‘
o 3 .
g [=n} v
< 5, L "

Find the percentages for each response, For examp]e if on question
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 30%; saying don't
200 200

(You may chcase to use a claculator, especially 1f

know is 40. or 20%.
200
large numbers of students respand).

Suggestions:

1. Survéy y@ur class separately to see if the study of Home Economics
has an effect.’ :

é;g You might print yaur results in the school newspaper, ~

/Do their opinions differ




ENERGY CONSERVATION TASK FORGE

Z
T T ——
. |

ACTIVITY

- p—— WA e

GBJECTIVE:  TO EXTEND THE FINDINGS IN THIS COURSE OF STUDY
BEYOND THE CLASSROOM AND TO INITIATE A CONSER-
VATION ADVOCACY PROGRAM., ¢

———— - R L:

% The impact of energy conservation is only as great as the number of
people involved and actively seeking and practicing tonservation. The more
people you can convince, enlighten, or ihvolve 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 hiave gathered and applied. should be shared with others in the
form of bullétin boards, displays, class discussions, PTA meetings, school
newspaper articles, printed fliers, recycling drives, demonstrations, and

sponsored speakers and films.

Suggestions: . . .

1. Have students write short papers on energy conservation which could be
“used in the school or local newspaper.

Develop a series of bulletin boards dea1in§ with the everyday- practical
aspects of ‘energy conservation. Depict, for example, Bath vs. Shower,
Use of a Microwave Oven, Food-Chain, Riding in & car vs, Walkihg, etc.

%]

3. Investigate the school's consunption patterns and wake recommendations
to the administration. Investigate food:service, swrrounding vegeta-
tion, insulatign, shades or draperies, thérmostat settings, busing,
and athletics.

4. Give demonstrations on conserving energy when cooking, sewing, or iron-
4] ( 18] ()

J ing and how to select and check appliances far energy conservation,
5. The Energy Conservation Task Force could be organizod into a reqular

school club.

6. Sponsor field trips to power plants, enerqgy conservation activities
“such as an energy fair, 4-H and FHA activities“dealing with energy and:
the planning office or chamber of comnerce in your arca.

7. Design, print and sell "Energy Consepvation T-Shirts." }
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hT _APPENDIXsA. (
PREL IMINARY ESeIHATE
1974 ANNUAL EHERGY CONSUMPTION IN rnr UNITED 5 £S BY END USE*
N i .

SECTOR and END USE

RESIDENT-IAL
Space HLdt1ﬂq .
Water Heating
Cooking
Clothes Drying
Refrigeration
Air Conditioning
Lighting and Other .

Residential TOTAL

COMMERCIAL
Space Heéating
Water Heating
Cooking
Retrigeration
Air Conditioning
Feadstock
t-ichting and Other ¢
Comim @r('ial TOTAL )

INDUSTRIAL
Process Steam
Flectric Drave
Plectreolytic Proces
Direct Heat
Feedstock
Other

Industrial

S04

TOTAL

TRANSPORTATITON

Autonobiles

Trucks v

Adrcratt -

Rat Troads : '

Buses

Watwrways

Mipelines

Othor

Transportation TOTAL

“NATIONAL TOTAL

- it e .
‘Totals do not add due to rounding.
Source:  Muller, John George.  "The
ductions in Hot Water Consamption,”

Washington, DO

BPD**

3,800,000
1,100,000
320,000
.. 160,000
490,000
420,000
770,000
7,100,000

2,400,000
240,000
80,000
370,000
800,000
560,000
830,000
B, 300,000

5,800,000
2,900,000
390,000
3,800,000
1, 1,000
130,000
14,000,000

4,300,000
1,700,000
1,700,000
750,000
47,000
$4,000
34,000
HAO, 1
L8000, 000
345,000,000

*ARPD

Potontial tor Envrgy

FLA,

cequivalent bavreels
Savingy
l 1} ,H‘

EPLEHT oF
1974 T0TAL

10.6
3,0
0.9

[R e
— Tl e

—

o~
oy SR 1

pa—
R
— it

_
—_— T T ey
T o i T —

Ja.00
100,07
n] 0il per day

Thiowmh Re-
(FUA-D/h=T402)
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APPENDIX B e \ -

HOW WATER IS USED BY A
IYPICAL AMERICAN FAMILY OF FOUR

| o Galions Used
USst Lot oo oo RerDay

Dishwashing o ' , 14
Cooking, Birinking : T 17
? fe
Utility sink (washing hands, etc.) “ 5
S oo
Laundry r. . 35

Bathing - K0

Bathroom «ink T . ’ q

ToNet : | 00
TOJAL vk

tvg . - S s e . I : B

source:  Water Conservation dnd Wastetlow Reduction in the
Home,  Special Circular 184 The Pennsylvania

Cstate University, College of  Agricul ture, Fxtension

service and the Institute for Research on Land and
Water Resources, University Park, a,

&‘f -
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Appliance

Vl:.rj\!.i?{ £y

Clothiss Dryor
Tron fhand)

Washing Machine (automatic)
Washing Machine (non-dutonatic)

Waten Hoator \

Water Heater cguick recovery)

COMPORT CONGTLION NG

Al Uleaner

At Comditioner (room)

Bed Lavering
Dehumidier
Fan {aftic)

Fan (circulating)
Fan (rollaway)
Fan (window)
Heater {(portable)
Heating Mad

3

Huniditier

HEALTH S BEANTY

Germididal Tanp
Haar Deyer

Heat Lanp Dintrared)
Sy

Sunt bar

tuoth Lrash
Vibirator

HOME EHTERTATHMEN]
Haitio

Hahio Yecord Player

e lev g ton

Black Swhite Lube type

- Bl b S white Lol
A e e

colory sobid state

Saned on 1000 hogr. ot operation per saedr. This  fiqueg wil)

State S0 17

average o consunged
_Wattaqe o Aonuahly

%
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e
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APPENDIX C (Continued)

Appliance

Average

~Est. kv

Consumed

- HOUSEWARES

Clock

-Floor Polisher

Sewing Machine
Vacuum Cleaner

_____Hattage - -

2
305

- 75
630

__Apnually

SOURCE: Electric Energylﬁssnéiatign




OBJECTIVE: TO PROVIDE THE HOME ECONOMICS TEACHER WITH A FIRM
' GRASP OF THE BASIC ENERGY CONCEPTS, WITH A KNOWL-
EDGE AS .TO HOW ENERGY IS TRANSPORTED .AND STORED,
AND WITH. AN. UNDERSTANDING OF THE FUTURE AVAIL-
ABILITY OF THE BASIC ENERGY RESOURCES .

]

—

WHMAT 1S ENERGY?

Engrqgy, though not easily defined, is not easily ignored. Man's senses
respond. to a variety of energy forms. The eyes respond to 1ight energy.
The ears detect sound energy. Other nerves indicate contact with thermal
and electrical energy. These energy forms are interconnected and ex-
chanqeable; different forms of energy can be used for Lhe same purpose;
enerqgy can be stored or transformed. But probably the most common and
important characterl stic of vnnrqy is its capacity for dning work.,

Pefinition of Work |

Students often say such things as, "My work load is too heavy" or "I'm
doing yard work this summer" or "1 have to help my mother with thé house- .
work." Suppose, in the last comment, that you must push a refrigerator
from one side of ‘the kitchen.to the other. . :You must work against the
frictional force which exists between the refrigerator and the floor,
which weans overcoming an opposing force. The amount of work done de-
pends upon the force exerted on Lhe rofr1qerator and on how far the
rﬂfVIerdLﬁr is moved.  That is5,

Work = furﬁn‘xfdigténge L

i or oo 1,

where ./ is the distance of movement (in meters) and j° is the applied

force, measured according to Newton's law of dynam1cf (that is, J" = Ma).
This unit of force is called the newt@n (n). Thus, the amount of work -
done is measured in -newton-ficters. When applied to work, newton-meters

are called joulea, for the English physicist James Prescott Jople. One |
joule equals one newton-meter., - '

Suppose that, instead of moving a refrigerator, you must 11ft a tele-

visiaon. In this case, work is done against the gravitational force.
Again, ¥ = f4, but the magn1tudp of the force is the weight of the

261



object, -of F;;fﬁa,wﬁere a 1s the acceleration due to gravity.léqd M s
Mags. Gravitational acceleration s usually indicated by the létter g.
The weight or the gravitational force acting on the object is:

Wy Mg

On or near the surface of the earth, g has a vélue of 9.8 m/u® (meters per
square second). Work required to 1ift the televisfon to a height » can be -
written as: : ‘ . : '

W = Mgh.

S o N : | S
[If the television has a mass M of Bky and it 1s raised one meter (im), the
work done is: - : ‘ ' ' _ '

W= Mgh = (8kg) (9.6m/s) (Im) = 76.4 joulco

Definition of Power

A definition of the term power is also necessary for a full understand-
ing of energy.;. Power, like wark, 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 authority.
But in physics; power means the time rate of doing work (using energy{;

P = Power = Work done (or energy used)

4

When work is measured in joules and time is measured in seconds, ' power is
rexpressed in watts; one joule per second equals one watt (J/s = W). (The
watt is named after Vafmes Watt who designed the first practical steam

J 8ngine. The watt may be used to express quantities of mechanical as well

ds-electrical power). The average -human being can produce, at most,”

100 watts.
Suppose that you must move an 8kg television a vertical hefght of one
meter in two seconds. ‘How much power (average) will be required?

poo Mo Mah | B(ka) (9.80/s). (1) . 78.43 _ ag p nrs.
P ottt T T Tsec T §=§€% > 39.2 wat?g

Discussions of electrical ‘generating plants and consumption figures (in-
¢luding your electric bi]i? use the terms Kilowatt (Kwor 1,000 watts) and’
megawatt (Mw or 1,000,000 watts). Also, the horsepower, defined in terms
of the watt, is 6ften used as a unit of measuring power: one horsepower

-} (hp) €quals 746 watts or dlmost 3/4 kw. : '

4

C § Units of ﬁ@amﬁﬁ}zg Energy . , ,

Ty

- Other units besides the Jjoule ang-comménlf;USéd to measﬁre energy; for

262 | | A
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‘ example, the kilowatt-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 kilpwatt is a measure ‘of power;

therefore, the kilowatt-hour i1s a unit of energdy that describes the werk
accomp]1shed threugh the Juse of pnwer over time: -

. Work dene or energy ueed
time

» Powey =
: or '

éﬁergy uged = Power x Time
" One kwh can be expressed in joules:

. L e v
P = (1000) = (1hr) x (36008/1 hr)

;: kwh

—
i

= (3.6) (10°) w/e
= (3.6) (10°) joules

Remember, kilowatts refer to power--the rate at which energy. is used--
and ki]owatt hours refer to the amount of energy used. The cost of one .
kilowatt-hour is from 1,5¢ to 94 these days. You might be surprised tb
1earn how much work-a kilowatt-hour will do. For instance, the: work
equivalent of one kildwatt -hour weu]d 11ft 10 cubic feet QF water ebeut

40 feet!

The calorie is the unit of energy used in heat problems. One Sa1or1e
15 the amount ef heat necessary to reise one gram of water at 15~ Celsius
One thnusand calories is a- kzzaeazeetewer Z -calorie--the femlliarrun1t of
" food energy (The average American consumes 3,150 Calories each dey)v

The British thermal unit (Btu) 11 the amount of heat energy reqU1red to
raise the temperature of ope pound of water one degree Fahrenheit. The
: Btu is commonly used by engineers to specify the total amount of energy
' " used for some. specific purpose; for example, an air conditioner’ fay -have
“a cooling eapacity of 8,000 Btu's per hour. The Btu is also used to
Spec1fy the energy content of primary fue]; or energy resoureee, for
exampie : ,

i

Eath gallon of gaso11ne has a heating value of abnut

136,000 Btu. (Heating value is the maximum, amount of

energy released when fuel combines with oxygen in a

combustion process). If an automobile gets ten miles - ,

per gallon of gasoline, then'it taﬁss about 13,600 . .
. Btu to drive the car €ach mile. .  [Weast, p. 81] '

T
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into types of energy.

dgowle 1. : (2.78) (10°7) - (0.955.(10¥39f

it fell when sbmeone lifted it to its stand. ;

;Suppose‘you want to find fhe potential energy of an Bﬁkg“teievisibn that
“has been ‘raised one meter from the floor to its stand. “You would conduct
" the following computation: SRR A C N

ts of eqéﬁgy:;

The following tab1e,ré1a;es the four basic.uni

Z

-Ebé;gy'ééﬁvé%sicn”if;xVaiue in | %VETUéﬁiﬁ:fﬁQ}f “Value in .,
Factors __Joules - kilowatt-hours. . Btu's

¥

1 kilowatt-hour (3.6) (10°) ﬁ é’ o . (3;41) (133)_? “
1 Calorie CoMss (18) (107 e 37
Co(293) oty g

1Bte o, 085

Source:  Marion, p. 29.
'MAJOR FORMS OF ENERGY =~ i

-~ Besides energy contained in light, in molecules {1ike gas, 011, coal),
and in atomic nuclei (like uranium), there are two major forms of energy:
energy of position or configuration: (potential energyi*aﬁdfenérgy of .. )
motion (kinetic enerqy). Potential energy is'always due to the presence: ' -
of one of the three basic types cF-foﬁéés-jn.natpré: gravitational, . G
electrical, and nuclear.. Lhemical energy,” though also a form of potent{al
energy, is more conveniently discussed as .a separate form, even though ‘
all forms of chemical energy are basically electrical 1n character. .
-Kinetic energy is the thermal energy associated with the . interior motion o
of a material's particles. Two manifestations of kinetic.energy are i
mechanical energy and sound energy. - Material in this section presents an
examination of the ways in"which each form of energy can be converted

S A

Potential Energy

Stored energy in a substance is called potential energy. " For example,
suppose a television is knocked off its stand and, upon falling, hits
your foot. Energy was transferred from the television to-your foot. T
Clearly, ‘energy must have been contained in the television whille it was
resting on its stand. The television acquired the energy it "had .before

Because potential energy can be converted into wgrk,'wérk'Uﬁitsfare‘
used to measure and describe potential- energy; that is, potential energy
can be measured in joules. The potential energy (PE) of a mass (M) raised -
through a distance (%), where the acceleration due to gravity is (g),is:

PE = Mgh - T

o
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| source to a p051t1ve source of electricity.

PE - f 37“-57) (9.6m/0) (1m) = 78.4 jaulea

.Thusl the amount nf patentia] energy the te]ev1sicn possesses reiative 3
1ts potential energy while sitting on the floor is equal to the amount of .
-work 1t took to raise the television to its stand.  This kind of potential
energy is associated with the force of gravity. There are other kinds,
assoclated with other forces.. For example, a stretched rubber band has
‘potential energy. Sa does’ an e1ectr1c battery o

- Gravitational Ehergy. A television resting an 1ts stand has gravitatiun-
al potential energy. The WEight of the television, the distance it rests
above the floor, and the earth's gravitatinna] 'force all combine to give
the te]evisian the potential tn do work

- Two natura1 energy resources can be harnéssed fgr their gravitationa1
potential energy: . tides and rivers. When high tides go out, their - .
gravitational patentiai energy 1s converted into kinetic energy which '
can be harnessed to create electrical energy. The tidal- powered elec- o r'
trical generating plant on the Rance-River in France takes advantage of -

the power of the English Channel tide which rise$ as high as 44 feet. _

As the tide rises ‘gates are opened in the dam and 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 hydroelectric facilities in dammed reservoirs. The stored

‘water ‘can be released at will to turn the plant turbines which generate
eiectr1c1ty ' e L

-Electrical Energy. A]1 matter is composed of atcms, and each. atom ccn-
sists of pratons, electrons, and neutrons. An electron is a negative
part1c1e of electricity; a proton is a positive particle of electricity.
“Thesé two kinds of particles are attracted to each other through an elec-
trical field (analogous to the television set being attracted to the earth
through the gravitational field).  Electricity is a manifestation of either
the separation.of éTéctrons from pgrtons (Static e]ectricity) of'the'matian

_oF e]egtrons S , - . L ey . g

- You can praduce static e12ctr1city by rubb1ng a ba11agn an your ha1w ot
The balloon ‘gains electrons and.becomes negatively charged ') le your hair
joses electrons and becomes positively charged The energy uded' to create
the work™ (done by, your hand). is.stored in the atomic systems of ‘both halloon]
.and hair. Thus, after the rubbing, both ‘balloon and hair may.be said to
~ have- potential energy just as.a te1ev151on has potent1a1 energy after it
has been‘* p]aced on its stand _ _

In order for a substance to candu@i e1ectr1c1ty, its atﬂms must have -
electrons that are free to move from atom to atom. Metals have free
e]ectrons, 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 negat1ve




- There are two.main kinds of current: direct and alternati ,
- done to create efther a direct or.an alternating current in a circuit, In
both cases, the energy expended. cdmes. from outside the system. Direct
.Surrent often uses chemical energy to 'move electrons, while alternating
current uses the force.of & rotdting magnetic field to induce current. In o

~both cases, the current can bedused'tﬁrﬁerfarmrwnrk.' s

Direct current (de)'f1qws continuously in the ﬁamE'dirégtiSn Untt1Athe,'“‘fﬁ;
Circutt 1s broken or the power 'fails, Dc generatbrs are used .in automobiles § = .
to supply the electrical.energy ﬁfeéﬁd to keep the storage battery fully = § .7 ..

charged. . .

A current which flows inféﬁé-dﬂ?éct}nn'dufiﬁg?

~current (ac). Alternating current is more widely used than direct current -
for two reasons; (1) simpler generating machines and electric motors are. '’
possible with alternating cuﬁ?eht;'and,(Ez alternating current can be  *.°.
readily transformed into high voltages while direct current cannot. House-
‘{ hold appliances use alternating current, . SARTRA et

- Although electricity is a form of energy, it is not a source of energy;
rather, it serves as an energy transport system. Electricity is usually.

.generated from the following sources:. petroleunt, natural gas, coal, Hydro

-power, or nuclear power. i

Chemical Energy. Substdnces store chemical -energy 4n the sénse that when
they .enter into a chemical reaction with oxygen (oxidation) to form a new
chemical. compound, they release heat or cause electricity to flow, For
“example, ‘whenwood burns,- it combines with oxygen and gives of f- 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 methané bu;psi its
reactfon 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 of methane -
releases energy. o - B Fjjggk;"

-, Nuclear Energy.. The release of chemical energy involves the rearrangement
of molecules. Similarly, the release of nuclear energy involves the re-
Larrangement 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 efement, 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 split.” Thus, a chain reaction may occur. Radiant (1ight)

rig. Work must Bé}‘fif

ws in éne. difrect it art of 4 generating cycle § .,
and the opposite ddring the remajnder.of the cycle 'is called <an alternating ¢ .00

'} .energy is also released during the fission process.,

__ __ _ _ _ _ - _ _ _ _ _ _ ___ L
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' Fusion nccurs WhEn two 11 htweight atomic nuc1e1 (neutrans and protans)
_unite to form a heavier nucieus. A fusion reaction 1s also: called a thermo!
‘nuclear reaction pecause it takes place only at. extremg1$iﬁdgh tpmperatures.|

At the present time, man does not know how to make hydrogen atoms fuse 1n a

useful way (other than-in an exp1051un) because a.method to contain the. '

extremely high temperatures needed -has not been found. Hydrogen'fusion toyld

.be a;useaul ener@y a1ternat1ve because dts Fue1 comes fram water (deuteriunﬂ

" Every moving. obijact has kimétic gnergy.Thé!eékfhvis considered ététi%nary,‘ )
and ‘an object resting on the surface of the earth is:said to have zero. Ly

I kinetic energy. Kinetic energy depends onthe mass as well as the speed of

the doving object; the expression of kinet1c energy (KE) of an object or
“mass (M} mﬂving w1§h 5] veiﬂcity (u) ‘ .

LA

.

KE %Mu

Ngte that kinatic energy depends oh the squarész;the object's VE1ccity As

-'i';with potential energy and-work, the unit for médsuring kinetic. -energy . is .
. the joule.: K1qgt1c energy*ihterre?atés energy of heat with energy of: mntiang b

: Suppose that you wish ﬁo*determine the kinetic energy QF an 8- ngteiea
vision between. the time 1t°is knocked off 1ts stand and the time,lrﬁstrfkes
the f1cor The te]ev151an fa11s at a rate of abaut F1ve méters péF‘%econd

KE = EMp %(Smg) (5m/é) (Sm/é) E-ZDQ ganga'fi

In faT]ing to the F]ocr the te1evisien loses thential energy, but ga1ns
kinetic energy.. By the t1me the television strikes the floor, all of the

potential energy has been converted into kinetic energy which is then con-
verted into®work and heat. Energy 15 transferred from the telévision to the

floor (ahd damages the set')

There are. three magor types of kinetic energy mechan1ca1, sound, and
radiant. c _ . o ,

Méckanieaz energy is found in, machines. In ordinary lénguége the Eéfm

| ;,bmaghzne refers to any mechanical device that is used to accomplish a, thﬁre

faster or.more. conveniently. than would be possible without a machine.*A .
machine can perform one of five basic functions: (1) transform; (2), trans— '
fer; (3) mu1t1p1y force; (4) Ehange direction; or: (5) mu1t1p1y speed,

: One type of mach1ne 15 used to traﬁsfbhﬂ energy;- for examp]e a generatgr
‘transforms mechan1caT energy into electrical energy, while a windmill trans-
forms wind energy into mechanical energy. Other machines transfed' energy
from one place to another for example, energy is transferred from the com-
‘bustion cylinders of an automobile to the rear wheels by the connécting -
rods, erankshaft, drive shaft, and rear axle. A third type multiplies fbpggs
for example, the pulleys. .on venet1a1 blinds enable easy 1ifting of shades.

A related type of machine allows one to change the direction of a force; .

1A




3, the pulley mechanism inside public bathroom towel Mmachines
exerts an‘upward force on the used portion of the towel as-a downward force
s exerted on the clean portion of the towel...A fifth type:of machine can
be.used to multiply opeed; for example, the sprocket wheel of a.bigycle
-] (the wheel to which the pedals are attached) tﬁrns the rear wheel of the

. bicycle at a faster rate than xhat'aﬁgthe sprodket wheel: itself.

"fofiéxémplg

One must keep in‘mind that although machines’are generally associated I
J with kinetic energy, machines are constantly involved in an interplay of ']
 kinetic and, potential energy.: ;fgi]ing-quect}exhibits;on]y=k1netic,ener§y__
during the sifigle Sp11téSEth§”gEﬂﬁke 1t strikes tﬁe earth. During all the: |
other seconds df its fall, it has bgth kinetic angd potential energy. o 4
o R v 2 it o
The 1interplay of kinetic and potential: energy in machines is known in
physics as the law of conservatiom of mechanical -energy. This law states o
that -the sum of the potential and kinetic energy of an ideal ‘energy’ systemy’
(an ideal ‘machine) remains constant, Of course, there are no ideal machines.
A1l machines are hindered by dissipative forces. such-as friction (which &
produces heat rather: than mechanical énergy).vﬁuﬁwiﬁjs=heat energy is.not/
"lost" in the real sense; the Jaws of thermodyng iéf say that there is a - o
-constant amount of'‘énergy in the universe--enengy m%phbe converted into
itiis never lost. - - CooaE e

--another form, bjt:
| T S o
Because of the presence’of dissipative forces, .no machine is 100 percent
“efficient. The ratio of the useful or conservative work output of a . -
machine to the total work input is called iits efficiency:. ; .

o e e ;?ﬂ&}k Qgtput:(théervathEi?ﬁ
I Efficiency " e Work-Input (Tofal) .

Séyﬁdﬁﬂﬂgﬁgy; Like-heat eneréy and e]e;tric\enéfgy; sound- énergy is a )
“method of energy transfer. Sound may-be’ generally defined as the result of -

a seéries of wave disturbances traveling from.a source through a’medium™

| (usu@lly -the atmosphere) to the human’.ear éﬂégdigiurbancaSnalgo occur’at
:Teve]s- above and below the wave frequencies;th which the human‘éar is sensi-

tive.".The range of audible Freqheh’éjg(s compose. the audio spectrum, while

those “above and bel~ this range gompose the ultrasonic and infrasonie .

spectrums. The ti - ctrums together ‘are known as the sonic spectrum, 7

" 'A wave's freque:- . n the sonic spectrum is the“ﬁuﬁbET of waves (cycles} -
passing a given point in a unit of time. Thus, frequency is the number of .
“cycles' per unit of time. Frequency. is measured in hertz; for example, if
30 wave disturbances (cycles) pass a given point™in one second, the: fre-. .
quency of the wave is 30 hertz (30/sec.). The audio. $pectrum extends from, |
approximately 20 to 20,000 hertz. L e o B e

ﬁ,e-gpeed of sound inair is about 331.5 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 accounts for.our seeing a distant flash of light-
ning before hearing the accompanying thunder. In water, the speed of sound’
is four times greater than in-air; sound travels. through water at about

1500 meters/second. - L
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- = Suppnse that yau are swimming under water 1n a puu] and a Friend h1ts twa
“'rocks ‘together under water. The collision of the rocks sets into motion the
| -water molecules 1n the immediate vicinity; the nearby water molecules '
"’} acquire energy from the collision. These molecules then collide with othek
molecules and further molecular collisions 06cur,din other words, the -

} collisfon Inttiates a series of waves. Sound is cdrkied by the waves to yau;
ear, Thus, sound-1{s due to wavesisregu1ar mu1ecu1ar\nutians—— nd therefare i

f“ds a farm uF kinetic energy.

i . ‘ Rbdzanf energy is thg result Df e]ectromagnetic disturbances or waves The
4 u electromagnetic theory says: that.the various phenomena of radiation are:
o caused by electromagnetic waves whose enerdy is divided between an. é]ettric
g -field and a magnetic field--both. .of which are perpendicular to each othey:.
‘and to the direction in which the waves move. Unlike sound energy, radiant
energy -does not ﬁeduire a medium ta be carried through space; radiant
ﬁﬂergy can travel through free space. AR T

e o T
24

4. " The. Pﬂdzaﬂt or elgétrﬂmagnétze ﬂpéctm Coﬂflsfs of a 'Iarge rangé 0%

o { radiation frequencies, from 10 hertz to mcré than 1025 hertz, While all

o electrpmagnetic. radiations travel at B(JG ) meters/second, . the radiations:.

K vary in wavelength from 3(10/) meters to :less -than 3(10“1?) meters. The. .}

: Tonger: the wavelength, the lower it is in frequency and energy. The angstron§

(A). is .commonly used to express the wavelengths of electrimagnetic radia-

~| tions; 6ne angstrom js a linear-measure equivalent to 10-10 meters.. For

« | example; a wave1ength of. 2(103) meters/seggnd is equivalent to- ?(‘l(‘:l'|3)‘/‘jr _

. angstfoms C, T _ : R
The r§d1ant or e]ectramagnet1c Spectrum tan be | divided into eight’ maJGr

_ regions. In order of lowest frequency to highest frequency,.they are: .

s _(]?fé]éctr1ca1 (2) - radio; (3) infrared; (4 ? ‘optical;: (5) ultraviolet; ..

1 _(6) X-ray; (7) gamma; and (8) hard gamma . The f1gurg gn the fD11Dw1ng page

"] gives a brief description of each - Lo , o

v .

‘:'L“_

?i Light may be defined as the e1ectrcmagnet1c energy that a human body can’
| detect. The optical spectrum consists of light energy--a small, part of all"
rad1ant energy The wave]ength of v151b1e radiant energy ranges frDm 7EDDA
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Thermai éhergy is the total potentia] and kinetic energy assoc1ated w1th
the random motion of a substance's particles. The quantity of thermal energy
posseSSEd by a body determ1nes 1ts temperature But the _same quant?ty of

*temperature “The re]at1on 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 part1c1e is increased, the temperad

- ture of the substance is increased. If the average kinetic energy is :
decreased, the temperature goes’down If we were able to cool a body to: the
po1nt where a11 thermal motion. ceased the temperature would be called
abso?ute zero" i’ :
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Hast substunces have three phases or’ States. snTid. liquid. and gas The
chapge of phase from a 1iquid to a solid s called fusion.. (Do not confuse
this” term with nuclear funicm:}-Energy must be supplied to a body uqdeﬁéimm

-going fusion in order to increase the potential énergy of the solid'se
particles or:appears as work done on the particles fn ¢hanging from a solid

fstrUCtﬂ*e to a liquid "structure", Fuston fs a constant témperature prncess*;
as the solid melts, the potential (not kinetic) energy of the substance in~}

creases. For example,. when: the sappropriate amount of energy 15 supplied to
-8 plece of 1ce withoutsa change in average kinetic energy, the particles of
the ice increase in potentfal energy without.a change in temperature and’
the fte melts tb form water; the energy enables.the particlés. in the water
nélecules to overcome the forces that hold them in fixed positions. The =
enerqy added to any substance to make ft melt {ncreases:the thermal energy
of It molﬁculeg :

- Simid ar]y, when *an approprlate amount of energy 1s 5upp11éd-in a liquid
withaout a change in kinetic energy, the quuid increases in themmal nnerg}
and. benﬂme% a vapor without a change in temperature; that 15, Mquid |

partisies become particles in the vapor phase. When a substance undorqﬁp§ |

‘vapar4£atian. the energy .supplied gives the particles of the Hquid -~

sufficient thermal enerqgy to overcome the forées binding them to’ the Tiquid§

and enables. them to separate from each ather.and move among the ma]ecu1ﬁa
of the gases above the liquid. The energy required to vaporize a unit ma
Gf Tiguid at” ttf hﬂiiinq nnint 1% ca11wd its hvat of vapnri;atian

The terms te f"II‘i’rrlt'HPf’ and hoat, are Oft(‘ﬂ Cﬂﬂfuff‘d -umpvhzf!n‘s' is the
measurement of. a, quantf%y proportional to the average kinetic energy of

thévmolecutes-in a substance. #eat involves the transfer of -thermal energy -
from one hody to another of lower temperature, Bolling water always has
approximately the same temperature, bul™the amourdt of heat {n boiling water.
depends on the amount of hoiling water; a small pot of boiling water con-
tatns Tess heat than.a lgrge pan of bo i Ting wiater, though their tﬁmnPPHtUPE?
are the same. Heat is a term for thermal energy that is applied™g a sub-
nce .of lower thermal enerqgy. The energy supplied to a subst anLe that
t:to melt or vaporize 1s thermal energy (more 5perfFica11y, heat ~™
$ - Ai; substances have thermal energy, but all, substances are not
T sources of: fieat energy .~ The amount of heat coergy fr a substance depends
upon the, tﬁtﬂl amount of orma T energy 1t has in reldtiun to other sub-
stances. It is p65§1hlv for a substance to have a low t@muPTaturP yet
_produce a lot of heaty-for éxampTo, a radiﬁtnr ﬂivv, of f more heat than 4
burning match even though the water in the’ p&dadtnr ha “atlower temperature
than the flame of the match: - g? o o o

A1l subs tances havv therma | Chergy ,. but 511 cannnt be called thermal,
eneryy. soyrces: that is, ..ot all are go0d, sources of heat energy. The rUﬁ
for example, is an excellent source of a bage amount of - heat energy. Some
of the sun %_hcaf energy «can he hatvested’ with solar cotlectors, Also,
“sciertists know -how to harness some\of the heat within the earth (geo-
thermal enerqgy) and turn. it into electrical enerqgy. Geothermal heat d
ariginates from magma- (moTten vock) which finds. it way to the surface of
‘the eﬂrth in Lhe form of steam, - o, " 7. - -

N




| ENERGY (OMVERSICN |
Energy conversfon meatis changtng one form of énergy intv another. For
example, when we switch on a vacuum cleaner, éiectrica) energy 1s converted
“into mechanical energy. The conversion of nuclear energy from:the sun to
.} electrical energy is a more complex example, Nuclear fusion‘reactions 1in .
o ﬂ the sun ptoduce radfant endargy which causés water on' the earth to evaporate'§'.
; -and winds carry the vapor dver:land. The evaporated water eventually con-
densés to form clouds which 'may then condense further to form rain. The - -

_ rain”may;iaﬂl;in;c.a,riyar_wniéh;f]nws,pqsgggqhydroelg;tricfpTant; where
- the g?avitétiﬁﬁéffﬁétgﬁﬁta}fenergy;gf4thﬁﬂri¥§r;{g:tﬁrhed into electricity.’
The glectrlcity'may*tﬁﬁnfbétQSédﬁfé‘pﬁgduteﬁméchanicai’energy (e.g9., to
power a saw) or 1t wmay.be stdred as chemical energy (e.g., in batteries
(used to gperate the electrical starters in automobiles). .
i

. y , A T _
There are a vast number of energy convers fon :oxamples:: “Inthe.following:
matrix, some.typical machines ar ﬁrDEESSE§gthat‘ggnvert energy-.are -

L summarized.
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The series of enérgy conversions in a steam: generating p1ant are shown -
in simplified form in the following diagram:

Fossil Fue]——a=—s=ﬁ%}Bc11er==§—=-ﬁﬁ{}Turb1ne==-=g==={}EeneratDr
Sh;mzcal Energy-----»Heat Eﬁgﬁjq—f-—{}kk&hﬁﬂLéaz Ehcqu-=s;{}EZ§LtIﬂg Eﬂrr;gH

CDE1,-mgre often than oil and natural gas, 'is used in wost 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 thrpugh 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 Lals oF E‘JERG iy

According to Einstein's equation, ¥ = me“, energy and mass are-inter-
related. Mass may be converted into energy and energy may be conyerted into
mass. Both types of conversion are occurring continually in the wniverse,
but the total amount of energy and mass remains constant at all times. This'
-fact 1is expressed in the law of comservation of matter and energy: the total

~amount of matter and energy in the' Universe remains constant.” The conserva-
tion Taw has been repeatedly proved in laboratory experiments and by obser-

Vat’anS

Wher Watt developed his steam érigine 200 years ago, he had little scien-
tific and quantitative knowledge as to how the engine actually worked.
During the first half of the nineteenth century, Joule, Carnot, and Clausius
formulated the relationships among enerqgy, heat, and work knpwn as the
Leaos @j z‘herm:)dzpmmzc:f i‘ ’ :

Enérgy and.mattEF can be neither created nor destroyed.
The enerqy of the universe .is conftant but the entropy of the
universe increases toward a ®dximum, where entropy is a measure
of the unava1]ab1e onerqy 1ﬁ a thvrmndynamif system,

J

The first law (energy cannot be creéated or dcftibyrd) 5ays that “thbrc is
"no such thing as a free 1unch“ or "you can't get something for ndthing.!

The second law says that "it's impossible to do somvth1ng with" the aumcfﬁl”
energy, that was used to do it in the first place." Once an act is accom= v
plished, the energy required to accomplish it has degraded to a 1Dwer level,
and less is available to do work. :

The Entrgpy Law says that whenever epergy is used, it loses some of its
qudlity. Highest quality sources should be used for highest quality needs;
for PﬁampTe, high quality natural gas should be used whenever its high
flame temperdture and cleanliness are needed (bakeries need such a fuel).
11ka1SE, i't makes sense to heat residential water with solar heat rathc
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- Their formulation meant that energy could be understood theoretically for

.development and exploration in the U.S. has been conducted mainly in the

{ estimate, however, that over the next 25. years as much as 25,000-MW will be
| provided by geothermal plants, where steéani from the earth is used to drive
~turbines whith generate electricity. There are, however, a humber of -dis-
~advantages to using geothermal energy in this manner. Equipment used in the

than with patural gas.

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 degiees 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 ]ahénof thermodynamics cannoﬁﬁbe’Dveremphasized,

the first time in history) that engines could be built to maximize enerqgy
through increased efficiency, that the relationships of energy to a tech-
nological society could be understood. .

RENEVIABLE AND NSRENEVAVLE ENFRGY RESOURCES:
THEIR PRESENT A'D FUTURE AVATLABILITY

A1l energy resources belong to one of two groups--renewable or nonrenew-
able resources. Nondepletable energy resources are rencwable; for example,
the sun is a renewable resource, as is water. Depletable energy resuurces
are nonrencwable. Tossil fuels--cbal, 0il1, and gas--are nonrenewable: be-
Cause they were produced over millions of years by vegetation under pressuref .

in the earth's crust and heated by the :'m. Uranium, another important E
energy resource, is also nonrenewahle. E . cE
Tl

Fencwable Encrqy Resources

. Holar. By the year 2000, solar hcating and cooling could satisfy perhaps
half the needs of all new residential and commercial buildings. fresently
there are some very promising approaches to using solar energy for low
temperature needs such as space and water heating, but the cost s still
relatively high ($3}0 to $12 per square foot for solar panels) and functiona)
storage systems must be developed. to..operate in conjunction with the.solar
devices. If solar gquipment can be made cheaply enough, we could prodice °
electrigity either by a thermal cycle (making steam and driving a’ turbine)
or by difect 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 generation, ‘

Geothermal,  Large amounts of geothermal energy theat in the form of
steam, such as that found in geysers) is present in the earth's crust, but
it is possible to tap these yesources only in limited locations. Thus far,

West (California) because the most promisinggites are found there. Experts

plants tends to corrode quickly becduse of minerals which dissolve in the’
hot water. These same minerals €an create some envivonmental problems in
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the farm of ground water cantam1nat1on waste sa1t5, and ajr p011ut1an
J (including escap1n9 hydrogen sulfide wh1ch smells Tike rotten egas). Finally
Jgeothermal steam is not very hot, and so -is an inefficient means of produc1n:
Lelectricity (it 3130 produces a 1ot of "waste heat") (

b wind. Like geotherma1 energy, pract1¢aT wind energy is found only 1n
Jcertain 1oc:atmn5i mostly in the Midwest, Northeast, Southwest. Even there,
it is variable and must be accompan1ed by storage deyices 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,
fand the U.S. A 100-KW wind turbine generator is in operation at NASA's Plumb
JBrook Station at Sundusky, Ohio, spondored by ERDA, Researéh designers

fare 1nya$t1qat1ng stich possibilities as "power :owers" which combine
”eggbeatér“ w1nd‘mach1nes with so1ar¢collectors to generate: e1ectr1c1ty

=

- - Tzdis A?th@uqh suggestions have- been made to harness the energy in t1dé5
the; .total ‘amount of tidal energy potential (2x106MW) would make a neg11g1b12

_ 1mpact .on the world's' energy supply. Furthermore, suitable Jocations are not

3 where ‘the demand is and severe environmental problems could be caused by

. Imassive movements of water in and out of coastal areas. Other. disadvantages

K afe visual pollution if the qenerat1ng fagilities weré in a resort area,

\ 'DFTDSTOﬁ oF aqu1pment by salt water and h1gh capital costs. .

Wood. Wood is st111,aq.1mpgrtantvenergy source in "third world" nations
and can provide a great deal of power for short periods. Wood could continue
to be used as a venewable: fuel if it were grown on "planations" and then
burned to produce electricity. The obvious disadvantage, however, is the
compet1t1an for land use hy the agr1tu1tura] sector.
B I

. Hydro (Aurur).'Most;hyardelectric potential in the United States is al-
ready being used and enyircnmental problems will probably prevent the
development of additional sites. ‘At the end of 1970, the inStalled hydro-
electric capatity (both ‘conventional. and pumped) was 56,000 MW. By the year
2000, it is estimated that it will provide 125,000MW of power, but on1y

10 percent of the .nation's etectricity demand. Much of the capacity in 2000
will be used ~r pumped. %torage systems which will use the spare capacity of
"base load" ui\ctv1c plants (for example, in the middle of the night) to
provide power during periods of peak demand the next day. Water will be
pumped uphfi.11 for storage, and power'will be produced later when it is
released dQthi]]

P t

Fuaton, Althuuqh tho key CDnceptﬁ and -technologies which will unlock the
intr1cac1gs of fusion’are not yet known, fuSion remains a major hope for
;1qn1f1caut quantities of power. Once developed, fusion could provide a long-
range solugion to the world's eriergy shortages because a nearly inexhaustible
supply ngdcutpt1um (the fuel necessary to produce fusion power) is found in

water. é . a

Kefuse. Using our solid wastes to supply part of our electirical demand is
an idea which appeals to many people and, indeed, some small plants are al-
ready in gperation or under construction which can produce gffctricity from
solid wastes. Ome such plant in St. Louis, burns approximatofgg300 tons of
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‘fpossible reSources are estimated as high as 3200 bilion tons. This"adds up

H §§?; The- amount of oil which remains in the U.S. and offshore is unknown,

municipal waste .per day to generate 12.5 MW of electricity.' If we took full
advantage of the energy contained in aZ7 refuse, about 10 percent of our
energy needs would be met,,

Coql. Coal is the only nonrenewable energy resource which still exists in
any abundaqgei Proved U.S. ‘reserves are estimated to be 400 billidn gons;
to as much as 300 years' supply of coal at the current energy; usgpate. Coal
Ts presently used to convert water to eledtricity or to make stednf fo :
industry. In the Futgzk, it may be converted directly to gaswiih il ,
creates many environmental rroblems, however. Because it is-a “dfrty" fuel,
it causes air pollution (... 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 ero~
sion and leaches wastes into streams and watersheds. Companies which’ $trip-: .
mine for coal (about half of all U.S. coal is strip-mined) are bejng re- EZ?@&@;

quired to reclaim stripped land at high cost. o L R L
B . = - e A
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Natural Gas. The proved reserves of natural gas are close to 200 triffﬁen'
cubic feet. At current energy use rates, this supply would last only nine
Hmnre 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 fossi fuel-pecause of
price controfy that make it artifically cheap. In the future, hodever, the
price of natileal gas will become much higher, necessitating many current
users to switch to some other fuel. There will undoubtedly be opposition .to
such a switch since natural gas is the cleanest .of the three fossil fuels
and is in great demand for space heating. .

barrels (BBL) and estimates of possible peserves are in the neighborhood of - H
89 BBL. Like that of natural gas, the pite of extracting petroleum from U.S.
0oil fields may become so high that we will change- our present yse patterns
(2,736 thousands of barrels of oi.l.BBL from FEA Monthly Energy Report [May
19771). Costs will increase because most of .the easy-to-get has been used and
new, harder-to-get sources requiring more coplicated technologies will have
to be tapped. ExpToration 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 o011 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 (large amounts of water are needed for ex-
tracting processes). S

thotigh proved reserves (including Alaska) are estimated to be 45 billion

eaniion. Uranium, as a fuel for nuclear reactors, is a controversial energy
source. 1t is highly favored by some groups because the potential enerqgy of
a given quantity of uranium is several million tjmes greater than the energy
available from an equal quantity of ‘any oné of the three fossil fuels,
Mining uranium is a great deal more difficult than fossil fuels, however.

Y
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Even the r1chest uranium ore may canta1n onTy a fract1@n of dne percent GF
uranium. Because -urarijum ore is not pure ang the costs of extractign vary,
the amount ofcurrent reserves are hard to est1maté¢.1t has beer 'suggested,
though, that we only have®30 years worth left of U235-~the uranium necessar_aa
to produce fission reactions in conventional nuclear power plants. The drawd
- backs to fission as'it is presently used to produce electricity are the '
radioactive wastes and safety concerns. :These objections may be overcome PR
‘with the possible future deve]opment of the breeder 'reactor. At the present |
time, breeder technology is not well-established: costs of development will
be h1gh ‘and it is known that the waste product--plutonium--is’ extremely
toxic. If breeders can be successfully deve1gged and these. obstac]es over-
come, the effective amount of fissionable matérial (the plentiful U238 after
~ being ‘converted to Pu239) is tremendously -ingreased, making our current
energy reserves of uranium large enough to fulfill our energy needs for
thousands of years.

ﬁNERGY TRANSPDRTATION AD STDRAGE

FRPPGH R?B@HPLS Trﬂnspértatzan thL§ﬂ5 : - - -j . _ -

There are f1ve basic ways to transport energy: water, rail, vh1ghway, }
pipéline, and powerline. The method used. depends upon . the particu]ar energy
resource and the location of the resource; for examplé,”if water is nedrby,:
coal may be shipped by barge rather than by train. This'.decision may be
influenced further by the energy 1ﬂt£ﬂ5lvgﬂﬁ§g of Each modes-that 4s, the
method used depends upon how much energy is used in’ Yeach mode of transpor-
 tation. The following table shows the energy intensiveness of each thode of:'
energy resource transport (except powerlines--electricity cannot be' effec-

tively measured in tons) in 1970: \

= = ———— = = —= == —7";—; B e e e —= - = L"—e
" Energy ) Energy jagensiveness, expressed in
Transport : BTUs of ®nergy needed to move 1 'ton
_Mode __of freight 1 mile 7 o
Truck - 2,800

Waterway i 680

Railroad - - . 670

Pipeline . 450%

SOUILL ' H1r5t page 18. . : E;,)
; R4

Clearly, truck transport is less energy-efficient than pipeline transport.
Thus, if you had a choice between shipping petroleum by truck or by pipeline
and your- onty criterion for choice was minimum energy consumed, you would
transport it by pipeline--fewer Btu's of epergy consumed during transport
usually means a lower transpovtation 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 Tost through transmission
and distribution inefficiencies. I't also takes energy to move oil and gas
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through pipelines, but much less than electricity. On the other hand, elec-
qtricity is re1ative]y,cheap to generate; the transmission and generation
costs are about equal.

(= 9

The cost of each mode of ‘transportation is important; for example, the
transport cost may determine whether you heat your home by natural gas, ofl,
or electricity. This section presents a discussion of’each mode of transpor-
tation and ‘its relative cost. - n : : : o '

Water. Coal, oil, and sometimes natural gas (liquefied) can be moved on
.water. Domestic coal is sometimes transported by barge; in 1973, 11.6 ber-
cent 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 ¢argo along
inland waterways at Tow cost. Supertafikers can carry up to 300,000 tons of
crude oil.  There are now over 200'of these large tankers in use in the world.
While supertankers save a substantial amount in freight cost, they require
2.5 miles to come to a full stPp. .Cearly, the possibility of collision is
substantial. Currently 'no 'U.S. harbor is capable of accommodating super-
Pankers, although three sjtes are being considered: Texas, Maine, and South
JCarolina. ’ .

Like crude oil, refined 0il is often moved by water tarriers. 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-
ed mogt. Desperately needed coal was’ stranded not only in snow drifts along
the railroads, but in the jams on the Mississippi and Ohio Rivers, :

Natural.gas cag.be- liquefied and transported from foreign fields to the,
JU.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 accommbdate LNG
imports to the U.S. At the present time, natural gas Tiquefaction:and re-
“Jgasification increases the price of natural gas three to four times+its well-
Jhead price, ‘whereas the transporting of oil from the Persian Gulf to New York
by tanker increases the well head price of 0il.only by 25 percent.

Ratl. QOther than'pip1ine5; the most efficient form of land transport today
is the railroad. Diesel trains have very efficient engines and normally
fcarry large lagds which are optimized to the engine's requirements and

design. As indicated earlier, traing require less than one-fourth the amount

-7 Jof energy tham trucks, to move the same amount of freight. Furtheymore, trainsj

" §in 1970 used one-fiffh the energy they did in 1950, mostly because of con-

- Jversdion from goal-fived steam locomotives to the more efficient diesel-fired
1b.éDthivesn'i: :

-.°Only a small amgunt of oil moves by rail--approximately 0.2 percent of

crude il and 2.6 percent of refindd oil products in 1968. 0i] may be shipped

by tanker for less than .5¢ per million Btu for every 100 miles transported;

0il transportation by rail costs three times as much. On the other hand,

ey '
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in, 1973 67 percent of all cca] Jeft the -mine by rai1 S1nce the ear]y 1960 s
the "un1t“ train or shuttle has eﬁhaited coal' s economic attractiveness. The
unit train, which carries coal non-siop from mine to power plant, has re-
duced transport rates from 3.5¢ per million Bt per 100 miles to 1.75¢. In
dthe future, these specially designed trains may reduce the cost oF coa]

tranSpOFt even further,

Coal is féiat1ve1y "dirty". From'mining to burning, it is d1ff1cu1t tqa_
handle without 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
supply), CDaT s competitive p651t10n in the future will improve.

Highway. As indicated earlier, truck transport is the most energy inten-
sive (least energy- ~efficient) mode of energy resource.transport; it is also
the most expensive method of energy transport. Unlike trains, trucks require
more fuel today than they did in 1950 ta move the same load. Increased energy
use in trucking has been largely due to better highways which allow for
higher speeds. Coal and oil are often transported by motor carriers (trucks).
Approximately 10 percent of all-coal moves from the 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 o0il (in 1968)
and 41 percent of refined oil products (in"1973) were maved by truck

Plp?llﬁs Natural gas, 0oil, and coal can travel by p1pe]1ne Domestic
natural gas transport is largely dependent on p1pe]11es Large-diameter
pipelines carry gas from well-heads to processing installations. From there,
the gas moves to pumping stations, then to distribution centers, and finally
to local gas companies and consumers. As indicated earlier, pipe11nes need
very little energy to move energy resources: 450 Btu per TQD 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 1.5¢ and 1.75¢ 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.

[t is also possible to transport coal by pipeline. From (1957 until 1963 a

coal pipeline was successfu11y operated in northern Ohio, but railroad com-
panies, threatened by the prospect of pipelines moving millions of tons of
coal, lowered their rates and forced the Ohio pipeline to shut down. In 1962
the Federal Administration introduced a bill which would have granted the .
right of eminent domain to coal p1pe11nea The bill died in committee: But
subsequent legislation and changes in the views of the Interstate Commgrce
Commission have enabled construction of a 275-mile coal pipeline whichk
delivers coal from northeastern Arizona to a power ptant in southern Nevada.
JIt has been in use since 1971. In 1974, legislation granting five pipelines
the power of eminent domain was approved by the Senate Interior Committee.

Powerlincs. Electricity, in itself an energy transport system is trans-
nitted by powerlines forom 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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- On some days during that year more than 75.0 percent of peak demand send-

ftanks. The huge floating concrete storage tank at the Ekofisk production

Alsa the cost depends on the vo1tage Df the e1e¢tr1city transmitted
Nat1ona1 Power Survey statistics show that in 1964 it cost between 11¢ and
12¢ per billion Btu (of A/C electric energy) when transmitting at 550 kilo-
volts over 200 miles; between 12¢ and 15¢ at 345 kv; and between 15¢ and 19¢
at 220 kv. Thus, the. higher the vo1tage, the less it costs to transmit the -
e1ectr1c1ty Unlike pipeline tranmsmission, electrical transmission and

Ydistribution systems .allow the energy to be drawn upon for use along the way.

While powerlines are unsightly, they.do not pollute as pipelines .do when they
break, and although powerlines lose about 10 percent of the electrical energy|
they carry through transmission and distribution inefficiencies, powerlines
are the fastest growing energy transport method.

Energy Resource Storage

Whenever possible,. energy is. stored foryfuture use. The type. of / energy
storage used depends upon the part1cu1ar gnergy resource. This section dis-
cusses the ways in which fossil fuels, water, electrical énergy (in the
form of chem1ca1 energy), and mechanical energy are stored

Fogaeil FH§ZE After coal is removed from the mine, it is tran'lorted to a
power plant, coke-oven, or some other type.of coal- -processing operation. It

-Jis then stockpiled in the open air. Unfortunately, this is nnt an eFF1t1gnt

storage method since oxygen causes coal to deteriarate But coal is so _
bulky and heavy that it cannot be stored otherwise. Since the early 1960's,

Junit trainsthave lessened the need for huge stockpiles, so a large amount of

coal can now quickly reach power plants in periods.of peak energy demand.

During the winter, residential consumers use approximately five times as .
nuch natural gas as in the summer. The distribution utilities, therefore,
contact natural gas companies for sufficient gas to meet peak demand days 3
and' dispose of excess "summer gas" to industrial consumers, unless this ex
cess can be stored underground. In 1970 there were_325 underground storagé&
pools with a total estimated capacity of approx1mate1y 5.2 trillion cubic
feet. Most of these storage areas are former gas-producing pools. The rest
were converted from combination o0il and gas pools, oil pools, coal mines, _
salt storages, and aqu1fer reservoirs (water-bearing beds). At.the end of i
1970, natural gas stored in reservoirs amounted to 4.0 trillion cubic feet. ‘

outs came directly from storage.

TooF

Crude oil 1s stored either in pipelines or ip large storage areas, usually §

center in the North Sea holds one million barrels of oil. Outer Continental
Shelf (0CS) oil is stored on the ocean floor by some countries. It is anti- A
cipated that the U.S. will develop this type of sggﬁage as 0CS drilling - ‘;’
oves greater distances from the U. S. shores. _

Crude oi1 is stored until it is needed for rafining. Domeéstic %upp11es are
refined and then once again are stored in tanks--on the $hore or miles inland
-=0r in underground pipeling systems. In the case of the Ekofisk production

center, the stored crude oil is, transported to England by pipeline and then S
refined. Foreign supplies of crude 944ﬁ€re transhorted to. the U.S. by

280

i.) Ty
SN



.

\ Water storage which involves pumping water rather than river flow is

£ - _ N _ L __ . __ _ .- ___

supertanker. An undersea or underground pipeline takes the oil to storage
tanks on the mainland where it is refined and stored again. .

- Refined petroleun 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 winter heating. Residences that burn o0il are geherally equipped
with 265-gallon oil .tanks. In the future, thesé 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. Gasolire, 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-
tion. .Gravity water storage is used to collect and hold a river at high
elevations so that the potential energy available from the river can be
converted to electrical energy during peak electrical demand periods.

If rivers flowed continuously at a constant rate,”a gravity water Storage.
system would not be necessary. But rivers tend to dry up in ‘the summer and
flow at such powerfll rates in the spring that most- of the energy available
| would be Tost 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 pogsib]er T

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. prddicted accurately enough
to determine the optimum power plant size, reservd¥ volume, and operating
schedule for the most efficient use of the river's gravitational potential
energy. .

called pwmped water storage. The simplest pumped water storage.system uses
energy from a thermal plant to pump water from one reservoir to a higher
one. At a later time, gravity causes the water to flow back to the lower
reservoir, and electricity is generated. Pumped water storage systens are
"usually used in conjunction with gravity water stakage syStems. Many pumped
water systems make use of some natural river flow; that is, river water
flows into the higher reservoir and water is pumped to thé “higher reservoir .
from the lower reservoir. Less water is punped 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 from the thermal plant and the pumped storage plant
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can be ut111zed to. meet peak demand Thus, the therma1 p1ants can be

eFF1cwently operated continuous]y at full load and, consequent]yf energy .
for péak demand periods is obtained at low cost. However energy is lost
in usirg pumped Storage because the electric motors used to pump the water
and the turbine-generators used to reconvert to ‘electricity are not 100
percent efficient. Typ1ca11y; 30 percent or more of the energy:-is lost”in
this process. Unlike the gravity storage system, the pumped water storage .
system, due to the therma1 D1aﬁt prESEnts a1r pa]]ut1an and heat waste.

prob]ems

At the end of 1970, pumpéd water storage accaunted for 4,000MW as com-
‘pared to 52,000MW for conventional hydrae1éctr1t systems. In the futnre,
“the number QF pumped water storage systems is expected to increase sig-

nificantly; by the end of 1990, it is projected that pumped. starage capa-
§ city will be 71,000MW (conventional hydrodlectric capacity is expected to. -
be 82,000MW by that year). (Since conventional hydrodlectric development
requires damming a river and flooding a valley, it is likely that much more
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 cheaply by extra turbine- ~-generator
systems than by a pumped water storage system. But in the future, the rumber
of acceptable sites for conventional hydroelectric plants in other parts of

the country will dW1nd]E more rapidly and additional pumped Storage systems

w111 be needed.

B

Electriecal \Energy. Batteries are used to store sma]T 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, common: 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-cost .lead-acid batteries; they'

are the most commonly used type. Minimum gas generation is prov1ded by
nickel-cadmium batteries, and ruggedness is provided by nickel-iran
batteries, e

~ The 1976 Energy Research-and Development Administration's Conservation
Praogram 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}, been'solved. It is anticipated that by 1985 Li/S batteries could
capture 1§&a§rcent of the market for all load leveling-applications, 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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Mechanzeaz Energy. As - 1nd1cated above; pumped water storage systems Lan
generate electricity during low demand per1ads, and provide energy during
" peak demand perijods. Unfartunateqy, pumped storage is.relatively inefficient]
(67 percent), takes up a lot of'Tand, and costs approximately $400 mjllion
for a 51qg?e plant. A compact, ‘cheap, and highly efficient energy-storage -
system is needed that would be environmentally .equitable for any. location,
even dense1y populated areas A f1ywhéél system of storage m1ght dnswer al]
these requ1ﬁements

-The pr1ne1p1e of a fZJmhes€ is that a 5p1nn1ng whee] stores mechan1ca1 -
energy; that is, just as water can be put into and taken out of a reservoir,
energy can ‘be put into, and taken out a revaTV1ng wheel (flywheel). The
earliest known f1ywhee1 was the pptter's wheel of 6500 years ago.. Dur1ng
the Industrial Revolution, flywheels were used to oppose and moderats:

-} any fluctuatidns of speed in the steam engines that powered mills and”
factories. Today, flywheels carry the rotation of pulses of mechan1ca1
energy.. de11vered by.the p1stan5:of internal-combustion engines.

S5
At the presemt tmmeg experimegnts are using F]ywhee1§ to power buses in_the
Soviet Union and" the United States. They also are used to provide a variety
v:f of electric powers supp11es, for ‘example, iif’ Austra]1a, a 20,000-hp electric-
‘;: preFed dragline/earth- m0v1ng machine ma1ﬂta1n5 1ts peak power demands w1th
* | a’ flywheel. :

i
: 'R

{ F]ywheeis have already proved their high- performaﬂce value in a Targe

. range of applicatians.’But improvements must be made in general performance.
and safety before they tan be. used as. power ‘peaking storage units. These® |-
improvements can be made if flywheels are constructéed of “supér" materials=-
materjals whi¢h exhibit different properties when tested along axes in
d1¥Ferent directions. To be successful, such materials must exhibit ex-
“tremely high strength to resist centrifugal farces (outward sp1nning forces
which could break the wheel apart) yet must be of low density. In the past,
flywheels have been made of heavy, -high-density materials which have been
unable to store ntuch 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 Han be bttt of fiber composites developéd originally for aero-
space needs. Fhese light flywheels are.called superflywheels. Unlike the -
“puinped” 5tovage systeni, superf]ywhee] systems have not as yet:been built or
demonstrated. ,

et

~0Once superflywheels are developed, they will be able to StDFE enerqy trom

be able tg provide energy during peak periods, It is estimated that such, a
system will have an efficiency of approximately 95 percent and.a lifetime
of 3040 years or more. It will also be approximately 1,000 times smaller

“ than a pumped storage 5y§tem It is estimated that a superf]ywhee1 system
starigg 10,000 kilowatt- -hoursi of mechanical energy and having a power
rating of 3,000 kilowatts will be much less costly than a pumped storage

| system. The superflywheel should be applicable to-energy storage suitable
for generating plants but also in a size suitable for use in automobile.Also,
the sypa F]ywhee? L0u1dprov1de the means to Stare 3D1ar and w1nd power
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an electric power plant during.low electrical energy demand periods and w111_ o
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‘ GLOSSARY . - ,
¥ v

ACCELERATITN.  The time rate of change of vélocity in either speed or
direction. (13)*
ACCELERATION [IE TO GRAVITY. The acceleration of a body freely falling in§
. A vacuun. The  International Committee on Weights and Measures has
adopted as a standard or accepted value, 980. 665 cm/sec? or
©32.174 ft/sec?. (13) -

ALTERNATING CURRENT (AC). An electric current whose direction of flow
is changed at periodiﬁ intervals (mdny times per second). (7)

ANGSTHOM. A unit of linear measure equal to 10710 micron or 1'x 1078 cm.
(]‘j‘! ]5) ! - !

AU Lﬁrg An underground bed or 'tratum DF earth grave]. or porous stane
tha¥ contains water. (6)

COATOM, The %maTqut particle -of an. e1ement which can énter into ‘a chemicél
combination.. All chemical compounds are formed of atoms, the dif-
«. ference uetween compounds being attributable tu the nature, number,
- * and arrangement of their constituent ‘atoms. (13) '

ATOMIC BOMB,  An explosive, that derives its enerqgy from the’ fission
or fusion of atomic nuclei.” (13)

" aromte EveErey. (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 tranfformatlons (13)

_ATOMIC PILE.« A nuclear reactor.

AUDLO SPperRuM,  The audible range of sound frequencies, Extending FrDm
approximately 20 to 20,000 hertz (15)

BAKKEL.  Although seldom stored in actua) barre]s," crude oil is measured

in a unit called the barrel, equal to 42 U.S. gallons. One barrel of,

crude. oil has the same cnerqy as 350 pounds of.coal. (9)

HATT. 2 See Blankot !rmza/lﬂ Fomi.
5 %
rrackorr, (1) A total power failure.caused unintentionally by storm
damage, equipment failure, or uvvr]nﬂded utility equ1ment (2) An
exceptional situation in which all power is deliberately cut DTF by
C]ELtF]Eﬂ] gener at1nq facilities.

%

h!4Vhf4 INSULALTON. -Cﬂtton fiber mineral wool ar wool fiber made into
© ovarying thicknesses in a length. S

ke BN TP

*Numbers in paventheses refer to the thSSﬂRY REFERENCES.
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LEQCﬁaﬂdeﬂJ%u J%WﬁWd‘VAT. Automatical1y Chaﬂgﬂs the tgermdstat bEtWE§n ;;‘;f'
L iMwo séttings at’ predetermined times, permitting tffes temperature to be
g,f"gﬁqﬁﬁmtida11y reduced 1p the evening. .

< M $0lid, ‘combustible, orqan1c hydrocavbon formed by the défdmpdsitinn
); / of vegetable naterial WfLNDUﬁ\fFLﬁ access to air.  (6) v

.4{ g%ﬁaL~n; STRICATTON, “The convers ign df C dl to a gaf"uitabje for use a;T‘;“
k1 P vl.f d fuel (6) ] : _6{‘, » W s

] ¥ .
(d&ﬁMW Fb!f(l As the vu1ume of a tuhp 1ﬂcreagfs. the VU1ur'
TatTD dPCFEdSES

k1

_ cﬁMﬂNA:Tﬁmv Burning; tdchnhca11y, rapgﬁ ox1ddt10n aLCDﬂbaﬂlEdwhy the
¢+« . release of energy in the form of heatnund l1ght It ig ont of the .~

three basic contributing factors causig g air pdl1ut1on The othars
are attr1r1dn and VapDP1zat]Dﬂ (6) E) ( S

(N

(UM?HRT A]H {UNDLITON[NG,- The process dF treat;ng air so ds to control S
Sfmu1tanédus1y its temperature, humidity, cleanliness, and distriby- R

t1ﬂﬂ

J' L]

UMEQAUQZONE,, The prdper tQmevatuPe, hum1d1ty and air mgvament to- ) ol
create a Fen 1Jg of comfort, . . _ _ ‘ ; s .

X B fUMPUUND* Substances cdntaining moré than one constituent element and

' having properties, on the whole, different frui:- those which their .
constituents had as e]ementary substances. Ira composition of a
given pure eompound is perfectly definite, and is aiways the same, no
mdtLer how that compound may have heen fDPde (]3) oo '

SONDUETOR f!l}( PRITVAL). materlaT capable of carrying an e1ectw1da1
.. +current. ) o L o . o
(%%%55H51T16Ni ThP care or pPP prth1nn of (ﬁiura1 TERQUFCQS (6) . )
(ﬁnﬁdvﬂmzzdﬁ o AerVL D ENERGY (Lt DF). Thedddm"of the potential:
“agd kinetic-encrqy Df_dn!]dﬁd1 enerqy system remains.constant. (13)
To minage éf‘u?é wisv?! (6), -~ = ¢ : d, ‘ .
"The tvdn sfor of” ener;y by mov1nu maésug of mdtteﬁ Suéh aé-
culation of a Tiquid or. gas . (3’:‘ .

i

i 'J Nﬁtlnﬁfihfﬂ PLANG . A h/dFGQ1D(fF1( power- p]dnt Lhat uti--
rzef ﬁtreamfldw only once as the water passe¢s downstream, as opposed :
to. a pumptd ,fdragp plant which chlrru]atgﬂ all Ur a Ddrt10n of the
stréamfy fow ,.n dne prdduct1du df power (b) s . .




Lot
Ly -l

™

. w
Yoo

D(HR[R ,,A'IH wgwpnw TwQ paﬂes of g]iss Fact@ryaséa1éd¢AQQEtﬁeﬁ with

@-1;5;=- :" , ':i il' \if7'(7  _.7ﬂ,' ?7 7! ;;L;,fA;i;”;ifxiéﬁ
CO@BINF L@AD ~The amauht Qf heat gain. per.unit time 1mpcsed on thé TR i
’ cgo?fnq (refriggrating nr airacanditiﬂning) equipment 5(1 12) N

"V coonvg rower, A device used to cool power pTanL cgndensor waten befqre

it is returned to lake, river, or ocean. The cool ing tawar 18 1n-qf N
tended to prEVEﬂt thermﬁi p311ut10nﬁ (6) : am e w@» N

”?., [

. ele rons. (]5)

' CDULUM%Ei The quant1ty of e1Lctr1¢1ty EquaI tu the charge of 6 25 x 1019'

Ay

"N Uuﬁi&JL Liqu1d fuel formed Frgm the foss1]s nf anima1s and p]ants at’

~ {the.pottom of anrient Seas petrgieum ig qt comes ffom the gr@und 9)

‘Uﬁﬁﬁﬂf (ELECTRIC) The rate af transfer dffelectrisity (13)
:CHHYM[YMTNP' Cutting back the use of Energy Pésources as DppGSEd to con-
serving or wisely us1ng anergy resaurﬂes (4) S

DECIFUUJ Treps aﬂd shrubbery that lose their 1eaves during fhe fa11
season .of each’ year and regain them in the spring . o

ﬁENSIT}i Cancentrat1on of matter measur‘ﬂ -by the mass per vo1ume

- . *
‘ L

DIFERACYION. %Thab )henamennn praduced vy the gpread1ng of waves ‘arog

and past’ bﬁtac1es which. are comparas fn size to their ane]en 4
a3)" A A
niﬁi(ﬂ’ ”HIMNJ’(Hﬂ) An e]ettric currEnt that FIUWS in nnly Dneﬁd1FECtTGﬁ g
vl threuéi,a r1§§u1t (6) : - ) , _ N

;- : o LI v .}'

DIFFET ZNFHPY CONVERS an ‘The pr@cesg ‘of Changiﬂg any._ ﬂiher form of ene?gy
cinto electricity without machinery that has moving parts, ' For exampie, i
‘a battery Cﬁaﬁﬁza chémical, enevgy 1ntg electricity by d1rect energy & I

CGﬂVEFS]OH : (9) e

v -a shall air-space betwéen. tpem - Dpuble glazing has about twice the -
R~ v;?u& of ﬂ1nq13 giazlng PR .
QDQ%]QHQL u;gs epérgy . o K e T

EER J—Number of BTU! 5 Se&:b 7thgvAi,
‘ < AppTianc SHCE s Uni

wSince 1973 mvntfactuvers of window a1r~cand1t10n1ng Jn1t$ have been , :

féqUired to Tacel cach unit with its EER. : (2) ; ) ,”—{ R
EFFIfTFNPY Thé raf1& of the U5¢Fuikﬁork perf@rmed tﬂ the amgunt. of~ .

energy used 1n tre” pFQCESS {15) S D A




] . - . 5 v

FfFCfEIFAL ENTRFI The energy assnciated with électric charges and thefr
movements, ‘Measured in watt' hours. 3nd kiiﬂwatt hnurs One watt-hour
‘equals 860 ca]ories (6) o : A

o3
&
&

BLECTRIC LlaﬁﬁgiTh@ region Tn which a. forse acté cﬁi%nieiettfft chargg._”
7 braught into the region. « g15 - i 9 Coo gl
-?J"ﬁ‘EEEETﬁ@],ﬂ_fcmL'gﬂLﬁ. A cell dn whigh zhemical ehergy is canverted to
‘ ‘energy. by a spﬂntaneous 0x1dat1pn reductian reactien (15)

- el

;“ffi‘i it h}!ﬁ 7j _ ‘ !

e liFﬁﬁfTﬁaﬂﬁ A candugting e1ement in an e1ectﬁis ce11, e1ectronic tube, or g~

DN B semicﬂnductnr dev1§e. (15) o oy : B

a8 IR 4, et B i -
i B TROLYSIS The conduct1on Qﬁ eiectricity thraugh a so1utian aF an o

_.;§ 1ectrQ1Yte or through a' fused fnnTc Cﬂmpound tOgEther with the 5 i
_ e&u?tfng chemica'l changes (]5) " | |
F‘fF(‘j’h’(‘)b YTy 'A*'Subs ¢ anca *whose y ,T
V "F 'i - s
w I ELE 'fof(?['ﬂqf;ﬂgfﬂ;’ VAWS Tr‘ansverse \'la' ;»_havang “aﬂ Eﬂ E(:tr‘lf_ (_‘@mpgneﬁt and % N
;gmagnetic ﬂ&mponent, each being perpendicular €6 the other andboth

rpendlﬂu1ar€to the directian of prgp%gat1on. (15) e,

:gian canducts an e]ectr1c current (15

| FITGJWUN The e?estran is a s partit}e haVﬁng a init DF negat1ve N PR
. electrical *tharge, a small dss, and.a smyll diameter. Every atom '%";
. consists of one nucleus anH DﬂE or more e egtr@hs . (13) ‘
- A v

\ ELEMENTS, wElements are Suﬁstanceg wh1ch cannat be*decomposed by the-
ord1nahy tyDeg of chem1ca1pchanJe ar made by-chemical union, - (13)

¥ ENERGY. L Capabil1ty“uf dc 1i %,‘rk Potent1al ‘enert y is energy dle tn N J

1 position of one body with regpect to anotherlor relatjve parts of thef .

- Same_body. KlnEtTC ene? y_;’f ue to m@t1dn (13) . 1
ANTIGPF ¢ Entrapy s the‘ﬁapaa1ty'factor fqr 1satherma11y unava11able,

Energy Every spontaneous prgcess in n tur§’ﬁs characterized by {_

.. an increase in the total. entrcpy of the| bad s concerned in ‘the e

| © . process. (13) _ ) . .

\ =, K B i .. . )

,:FNVIAQN%ﬁWl' Thg sum of all externa1 cnnd1t1an5iand }nfluences affect1ng ) I

the 11Fe, develapment, and u1t1mate1y the surviyal of’ an 6rqan15m %6)

A -
_ gEnPQhAIIQN The change from 1Tqu1d to gas . in 5 ecu1es escape g
” Fr@m tHEfsurFace of ~the 1 qu1dl ’(S) - -

N _ﬁs!i

ﬁEhD%]QC¥ Energ¥ resources used s raw mater1a1s in the product1on of

i $UCh prgducts ag wax .and- aspha t rather than as fuels for burning. (3)
EBTRST LAW OF W’FJERA}DE?YNAMICS (Also caﬂed the Law of C?f’?‘lBE‘I?%)hi:L@ﬂ ﬂ?
“Energy). Energy can.be né1therjgreated nor destrayed (3) -




z&%ﬁ N, A nuciear react1on from which the atoms prcduced are aach aps
. Hroximately half the mass of the parent nucleus. In other Words, th‘e‘,
L a; gﬂom is ﬁp?it into two apprgximatETV equal masses,” There 1s also!ghe, .
‘emission’of extremely great quantities of energy. since the sum. dfnthga
‘masge ; of the two new atogf fs less than the mass of the paren% heavy:
- '‘atomy*- The enérgy re1eased is expreesed by Einstein 5 equafinn.-'
E= M2, (13) o

rrywiesy. A methdd of Energy storage wcrking on the pr1nc1p1e of a-

..~ spinning. wheei By iﬂg inertia, a spinning wheeT stores mechanita1

. f%eneﬁgyf~ (JT) o S . . ‘.
P : i : N R b

FOAM. IN?ULA GN f( ) Styrcfoam,_(z)'Rigid,anm bcards; or (3) Liquid
foam insu Iatian o ' S

. . i R LI
.’ : . ’ -

ﬁ =
,I@P@P yﬂhat whith . chﬁnggs the state ‘of reSt or motion 1n matter, measured
b ‘the rate of charg fn ‘momentum.. “~The force F required to prgduce '
gﬁ ‘acceleration a. j:;l.maSS q}is given by F'= ma, (13) o

FOSS11, FUBTS.* CD31;, o gas, and aiher fuels uriglnat1ng‘From
) géB]nng deposiﬂi g;“é,c*gﬁuj;ﬂ?nf and animal life depending on oxi-
dation. for re1ease of energy. (6) » G
o rav. (6 up o g
DRERT 3 E%ﬁbélN? POINT. Thg_temperature at wh1ch a 11qu1d changes 1ntg a SQ11d o
7 It A S SR

w-‘

e B ,
v ¥ Frrgiy, Number ‘of V1bratiaﬂs or cyc]es per &%1t Df time ;Q15)

T

PRICTTONAL - EDEGEV Force reduired to mBVe ﬂne Surface across ancther @%3): 2

. FUEL. A substangéihsed to produce heat. energy .. chemical energy by combus—“
tion, or nuclear energy by nuclear f1?s1on 1(6) S Joo

,EU@L CELL. ﬁpdevice in’which fuel and oxygen are cam31ned to produce.
chem1cal energy that is convqlﬁed directly 1nto ‘el ectr1c1ty (6)

«%h" deTBN %ETOMTC) . A nucl ear reaction involving the. comb1nat1on GF smaTTer
' atomic nuclei dr part1cles into larger ones with ‘the re1eqse of . energy
~from mass transformat1an This is also cai1ed a thermonuclear tEac--
Llun by reason of the extreMéTy higt:femperature requ1red to, 1n‘§1ate

- (13)

) — ¥ ~ ‘ B
Eﬂ;lﬂN T, The change of St%te f{ﬁm a solid to-a tiquyd; 2. Alreaction
g 1n whicn 11ght nuglei comb1ne o form an atom with g eate ass. (1548
K (R v e
G%Amm ﬁﬁi; FNUCL AR- X-FAYS ). Em1ttedrFrDm radioact1ve subst 1ces, they are
‘quanta of electromagnetic wave energy s1m113r to but of/ much h1gher ]
energy than, ordinary X ?ays (s) .. - .

GASnV A state Gf matter in wh1dh the mo1ecuﬁ§5 arg ;,1ﬂ'ﬁcaTTy un:gstr1cted N
by cokesive farces A .gas has n21ther def1n1t ?sb,'e,.pr volume,: (13)

N
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" . A ) g " B . W,

el . . . - ) ) L

o T ) o [

:f¥#f GAYOLINE. Mixture of hxﬂzﬂcarbunsinptained frqm pétro$ef ( ) ;1

I‘ &’ ! ' : N o
. 2

GEWTWMJKM? A device.’ that tnnverts heat DF mechan1Ca1 energy 1nt0 g]ecs
trical energy 6,

B ﬂ."‘?

iQn,-ihé (use of heat energy obf’

FFGIHLu%ﬂL. As app]igd te‘pa or
rxsteam cqg1ng from benaath

. tained thrpugh the ineéd
" the earth's suFface

Ly GE*WHA%MML ENERFT The heat 3 av€i1ab1e in the earth S, subsurface
-, helieved 'to have beensprdd ‘hy Sgﬁural radioactfvity, - The therfal

’ qradﬁent of the earth's crusb 15 s that the temperatire in a deep

’ We1T or mine increases byvabout 1°F for ééig 100 ft. of depth (6)

4 _ Akh A unit Gf mass . in the metric sygtem. 10*3 standard kilagram f(15)h

GHAF!iW?T@NX ~The un1versa1 attract1on ex15t1ng between all mater al i
bodiesy " (13) N { . S |

o PR ST R LA -0 : ¥
&A?LNH@U F LFFECT A méthod of us1ﬁg SD1dP rad1atian to warm uhder%eated_f,)
areas (w1ndow treatmentﬂ‘are opened to a1luw the w1ndow to admit and vt
i}rap the sun s*heat). . ST S A s o
v N AL ,a Yn . s

, Mo . . ,
GHOSS BATIONAL PHQDUCT (GyP) A maaﬁure of economjc aet1v1ty whiéﬁ 1§§the

-~ Yotal market value of°all goods and iservices produced .in. iﬁbaunt%y
n Depréciat1an and ther aTlowaﬁCES for. cap1ta] congumpt1on<are not: -«
deducted, (3[ & R [ R B .

= i B i .’l

A

;&HOQNHHAYE& ThE supply ofkwater under the. eartﬁfs surface in. an aqu1fer J

w . ,.or 507l that forms.a natural reservoir. ‘
s L 7
.w\,;fﬁﬂﬂﬁbm ITER Hugaf% Grcundwater thaypﬂs d1scharged 1ntq§a ftreamfcha E]
e epr1ng seég‘qe water : ,{_‘ S,
N . v R
HEd Energy passessed by a. Q‘Wltégiﬁ in tgg form of k]ﬂét1c energy,s
LA / usually meas red in calori- or. in spake heating, by th# Br1t15h
! theﬁm@ {% Heat is .traw. iied by Egﬁéqct10n, convect1ﬂﬁ or
Tdd1dtlbﬂ-i (6) - -~ v\ T ‘ SR
HQA7“ ﬁFAﬁITY Tﬁ%t quant1tyupF heat FEqUTCea o 1ncrea5e éfé tel erature
e of a Sy&tem ‘or”substance fne degree af temp rature. }g is usu 1 y/\
;ﬁﬁ 'fgi%ﬁESSQ‘ 1n cai§r1é§ p;rv'égree Ce]s ;i;i)

Energy that- cd&seg an K Crease in. the temﬁerat of an cb—

N7 LIHGY.
+ change the objeci from. snT*d to 11qu}gfgr from 11qu1d

jEEt \ I,"
to gds. ‘(6);"

A+

‘T.P«
1

LY
55& HUMr-l A e?)ce tnat bsarbs heat frum the Yitside aijr a mepg 1L
el H}to tthDUSE

It works in reverse as a sté daﬁd air cd
{ Dr‘egamg,‘-;‘ - _ % " . .

oS

Y

)
b

Ttiener ' . |.”




.

. TéHyDHQPQNER Pcwerigéadused‘by fa111ng water (éf

%

HQ}?EE‘PGWERs A un¥t that maasures the rate at WhiCbﬁEﬁEng is praduced

liNFIETEA?TnN. - The mo%eméht of a1§§from the exter1or of t;eﬁ

?IWEUHATTUN A substance\that InSUTatES*

equipment (Btulhr /sq. fg.). (1, 12) .

HEAVY HYDHOFEN A kind of hydrogen that has one proton and one neutran
in the nué¢leus of each atom and Qne e]ectron in ovbit around the

-nucleus. ’(5) k. :

IIATING LG’AD The amczunt C)F hEat loss per unit t'ime 1mpased on the heat1ng

HERTZ. ' The MKS unit of frequency; one hz be1ng equ1va1ent to phe ex-
~pression "one cyc1e per 5ecand " (15) _

B

hIGEﬁSULPHUR COAL. General1y, coaT that canta1ns nOPE than one percent » 
DF 5u1phur by weight. " {6) _ \ o N
=\ . - . L -
or used. A man doing haavy‘manuai Tabor praduces energy dtnthe rate N X
" ‘of-about ,08 harsepawer%v {9)

A

.HIER@ELECTﬁrgzPLANT " An, eTectric power p1ant in which ther tufb1ne genera=

tors are drivewébﬁﬁfa11iﬁg water. . . . . o e
b HYDROELECTRICITY.  Electricity prﬂductianﬂby water-powetyed turbine. ’
generator (6) " R S .
FTQRDLQGY The scien dea]1n w1th the prnpért1é5; disttibutiogéfﬁnd’f : -
c1rcu1at1on of" wé@ér and ‘snew, ‘. B R B )

co]der paﬁhs of thé},envira lent, <to the -intgrior’ off w or .,
warmer areas of the environment. Winter winds biow cdNd dgor air
~into indogr spaces through cracks® armund windows and- dQDrS ont the
W1ndward 51de of the house *

. , L : ‘i_!s ,! 5, K..‘ I
l‘z%ngNI E?LJ%W”} " The raﬁge ofxgumpr3551on waves aL Frhquenc1e§~ ( s
ﬁ;thg audio pange (below 20 hgrtz)J .15) .

1 ‘

of heat or sound. (6)

A
LR P

[ : ! L

INTE&IQF FINISHING AAT%hlALu~; THq permanent finishes.of Ffurnfishings, suce)’
as*paint, wallcoverings, paneling, f1Qg§1ng, tile, acoustlit t1Te, _ .
and,carpetjng, which are aﬁp@1ed tosthe inside of a home.} - T ‘

\ .

INTERNAL BQMBU STTON, ENGINE. Energy i's SuppTTPd hy a burning fue1 JL1i11f
d]ﬁectly)transf rmed 1ntD méihan1ca1 energy. by Qamtwal1cd cambus@%% o
(6) . . 4 P ) -~

i _. “ \ . « . L E

IQN»' An-atom or, graup DF atﬁms tbat is not electr1ca11y neutr Ybut -

“instedd‘cdrries-a pasitive or negatjve electPic charye: ‘Positive ions,
© are formed when neutral.gtoms or molecules lose valence, eldgtrons: ‘5.
ing’gat_we ions are ‘those whmh have gamed e—Tectmnsa (13 T




r I

ISQTQPEV A variation of an eiement having the same atomic number as’ the
element itself, but having a different atomic Xeight because of a dif--

ferent number of neutrons. Différent isotopes lof the same e ement
have different radiaactiVe behavigr (6)

.}J ULE A metric unit of work or eneﬁgy, the energ§ praduceqiby a—force nf
' one newton operating thraugh a di&tance of one’ meter. ° e

. XILOCALORIE. Heat Aggrgy equaT ta 4, TQ x 103 juuTEs » (15) L gfg;é_;ﬁ*?
‘QLDVGLQ iﬁ') 1,000 volts. (6) . ' e ‘ :
KIEQHETT (KW). ) The unit ngpower gqual ) 1, DOD watts, 3.413 Btu Sy- qr in

. 1,341 horsepower. Roughly, the power Of ane 5 Capable of rais1ng
the temperaturé of a puund (p1nt) of wa}er 1 one SEGand (5) {

""" " énergy delivered dur‘mg the
steady donsumpt1onaqf .one k1lawatt Df pawer fcr a period pf one hDﬁng$
" equiva]eﬁt to 3. 4T£’Etu 5. (6) ( - R
:%’—»LIGHT;V RaQ%gnt energy Wh1ch an cbserver éad see <(157 H{@“ﬁ U

A

ZJEUTFTEB NATUEAL GAS (LNG). Natural as that hdS been’ changed into d L
1iquid by cooling to about -2600F - { 160°C) at which point it occupies''
abaut 1/600. of 1t& gaseous volume &t normal atmospheric pressure, S
thus. the cnstJQF shipping and storaQe is reduced. ~(6) - . gﬁm’i

)
. ingUID A Stéﬁe af matter in wh1ch the molecules are relatively free to
- chanqg their positionms with t to each other but restricted by .-
T cahesive fDFQES 50, as tu ma1§€§§h{d re?at1ve]y F1xéd vo]uMe (13)

ZJJSE IWSULATI@N Sval}*p1ec's Df 1n5u1&ti@n which are bTan intm place

’ :i, ﬁUngUE CDAE :NQ OIL. Genrra11y, coa] or oil that cont@ﬁns Dne
percent or 1&55 DE 5u1phur by weight. "(6)

LAY

thin'the earth's 1nteri®r | (3)

MaGMA. Mol ten rock W
’ MGN&TIC' FIE%D A

£
HMHSS A measure of the wé1ght of ‘matter in an. Bb;ect The weight of an

» object depends on.its 'mass. .The United States standard mass is the -
avoirdupois,pound as defined by 1/2.20462 ki OQFam , 13y

%;Q§g1on in wh1€h % magnet1c i r;e can be dezﬁg ed 615

‘HgTTEE. Any%q:ng which is solid, 11qu1d or gajfp \ (]5)
'eleasebrto make objeéts
¥ ’ Lo ' A . '

b ] -

ﬁyEGHANICAL ENERGY, Ihevkind of energy that is
. move. (6) ' B :

oatin, o Ay diateian




**,GAWATT (IWJ,, A , :
AETHANE. *Co]arless? nonpg‘isahgus, an' f’lamab?ﬁasauus hydrocarbqﬁ
emitted by mam}ws aﬁd by dumps undergoing decompasition (E)

Hci)BILE' HCJME' SJCIF’ Aifuundaticn piece added to enclose the ar‘ea under a:
' mq?ﬂe ﬁome _ 1

MDLECULE | The sma'llést unit quant‘ity .of matter whichl can exis}/ by itse]f ,
P and ge{in aTl the pr‘operties of*the Drigina? sugstance 13) .

k]
‘f. ; &

© MOMENTUM." Quantili;;’

of:
(13) - .

*ié

g8

fﬂation measured b_y the pmduce of ‘mass and ve’lfcity

’MGTICW Cont‘iﬁucus change cf‘ 1ocatian ‘#:)r pas1t1gn of a bcdy (15) '

1 NATU&L\'GAS‘ENatumHy oc:t:urring mutures of. hydracarbgn gase§. and vapors
% cccn}rring naturally 1n certa*i‘né geu]ogjc ’Fﬂrmations éguaﬂy ﬁ:sund a
: assamated w;_:th oi1. (6) I SIS :

v L&; lg R

NE E‘Cw A n_eu’tt“al e]’ementar‘y par‘tic]e cif mass numEer 1. It 35 baiieved
“ to b? a)c"bﬁ%t-ituent part1c1e (}‘F aH nuc’leiz of mass number reater than

S A3t R . A R

£

t

o

ALy

_{VEWTON Théifarce.‘ane‘:essary tcz g1ve acQETEratmn of one meter per second
:,_s : Q)un’e kﬂdgr‘am of mass v (13) ‘ g

e

"C?NREIVEVABLE RES@URC?E’S Dep]etable energy r‘escurces such as the f05511
fye}s&caaT - 9as, anci oﬂ (5) : ,

.-P = B
i . ‘}f .

NUGLEAE‘ EEEGTRIE POWER PLANT " One in.which heat for rals‘ing steam is \
prot 1ded by fgﬁan rather, than combust’lon% fassil ‘FueT (6)

R *‘F

‘NYCLEAR (ATOMFC) FUEL ﬁatema’l conts 1ﬁing Fis ,1onab s uranium of such
| ‘compositibn and enrichment Mat, when pladed ina nuclear reactor,
WiTl support a self- sustaifng ﬁssmn chain. reaction ﬂd prPduce

N-  ‘heat in a contréﬂed annePme: pracess use. (6) =

N CLEAR POWE‘R Electﬂc; pnwer produced from a puwer‘ p’lant by canverting
Athe Energ_y Dbtamed ﬂ-am fnuﬂear ﬁeactian (6) .

=

} » uc}Ear energy \mto somé_form. of useful,.po such’ 15 mechanical
. Jor electrical powers In a nua]ear e’!eetrlt-* wer ptant, heat produced
" by a’ rea?tor is %neraﬂy used fo make stédaff 0, drive a tm“b‘ine that

#in turn, drives|a e1ectr‘icxgeperdtm’- (6

NUCLE‘AE; REACTIQN..

. ™= -as’fission, ?j'cm, neutron capt urés.os ’r‘ad‘ioactwe decay, as distinct

K;ﬂ a_chemTW} ‘reaction, which 1st1m1‘ted ta changes m e]ec(tron
c:tufe suv‘rDUndmg the nuc;[eus (6) . -

NUCLEAE’ E’GWEB ‘PLANT: An_y der ‘h:.e? machme% or ass b1y tha _coﬁ.verﬂtis ! ﬁx

reacﬁion 1nvo'lv1ng a change in an .atomic nucleus,’ such]




MHQZEUS. The dense eentrei cor ef the atemgin dﬁich most nf the mass and
' a11 of the positive eharge 5. concentrated (13) 4 i -

DFE—REAK Eneigy suppTied during perinds of reietidéiy 1nw system demands

OR |

QIL SHALE Sedimentary roek cnn%aining se17d organic matter (keragen) o
- that yie}d§ substant1e] amaunts '0f 011 when heated to high temperasv
tures 6 ‘ .

GIL SPILL. The aeeidente1 discharge éaae1l into eceans, bays, or 1n1and
' waterways. Methods of oi1 spill control iriclude Chemica]*dispersion,
,‘/f combuetion, mechanical cnntainment and absenption (6) ; ¢

~OPEC f@rgenzeatten ef PEtreieum Empertzﬁg Ceuﬂtrtee) An Drganizat1an -
‘of countries in the Middie East, North Africa, ‘and South America ..
which 31ms‘at deve}npingﬁcnmmnn 01l- marketing pe11c1es (&) ﬂ5e

%;

' QEEIEHL SPECTRUM. \! gihdes those radiations cnﬁmonly calleq 119ht thet
‘ can be detegted V%sueTIy They range fﬁem 7600A to 4000 ~and are-a
type of e]éttrnmagnetie radiation. : 15) ‘ . i

DRIFNTATI@N ' Position with reiat1nn to the compags o s }

.QXIQATIGN L A chemieg? reactien in whieh oxygen unites or cemb1nee with

" other elemen $ (feganic matter is oxidized by the actit %érobg
‘of bacteria; oxfib- (WA used 1n waste water treatment te reak down‘i ,
.- erganic wast Lo _ y o y

)

”‘PEAKIN§A P?w§( p1ant ﬂperat1en te meet the highest portlog‘of the da11y S '?
. load. (6 : D

g . ] L ;. . s
-PEAKING ?ﬁPABTLITI " The. maximum peak 1oed thet can. be %upp]1ed by a f/"
) generating unit, station, or system’ in a-stated-period of t1me For
"3 hydroproJeet the ‘peaking capab1l ' wequ be equal:to the maximum -
- plant capabi?ity only under feveraLT ' pool” “and flow conditions. Often
the peaking- eapabiiity may be 1e§§§due to. reservo]r\drawdo; nn tail-

;. water encreaehmenth (%) L

) A dondfei T ’ P

PEA SE. (1) A zéndnt1on Q =mattéh, (2) The poset1e and metion f,a’pa?%&—
.cle of a wave (15)l“ﬁt v .\\ _%; : 'Wf%- i

some plants make feed w1tﬁ t e neqp
; px¥gen gaf
" Which sinli hf¢
Wi be,cenvgrféﬂ

; FH@TOSXNTEESIE " The process by wh
' -%ifasunlight “energ the food  ista sugar called glyges
“ig"also produced during: phetosyﬂthe51s) thé, procegidin
( Fa]11ng on green plants causes ‘carbon’ dioxide and-wafie
\i .into more cemp]ex 0rgan1c mater1els sueh as g1§§ps}t{j
T 5-1’B LIRS S
PEYTONIUM. A F%e 11e e1emeqf artnf1cTaTTy3p§e§uc
by U238, (13) - &




X SR

P@TFNTTAL (ELECTRIC). Difference -of potential between two points is o ‘#@5’
measured by the work necessary to cerry unit positive eharge From I
one to the Dther (13) , e . v

POWER. The time rate at which wark 15 done. IF an amount of werk Wis
‘dane in time ¢ the power ‘or-rate of doing work is P = W/t Power will
be obtained in watts if W is expre;sed in Jeu1e and t in secends (33)

-’&Pﬁiﬂkﬁ The force app]ied to a unit area (15)
» s

PRDIQﬁ* Rn elementary part1c1e haV1ng a p051t1ve charqe equiva1ent to- H. ¢

' tﬁe;hegative charge of the dlectron but possessing a mass approxi-

- “mately 1,837 timés as great.. The preton is,y 1n effect, the pes1t1v

% nucleus of the ‘hy#fregen etom 13) - - - :

= ﬂ 5&"

! PUMPLD HYD[GEIFCIEIL STQQAGE. The only means now avai]ab for the 1argev
’ scale storage of’ electrical’ energy “Excess electirici® predueed
during per1ods of Tow demand is usegete pump. water up-to a reservoir,
‘When demand. is high, the water is released to operate a hydroe1ectr1c '
generator. . Pumped energy storagé only. retufpsﬂabcut 66 percent of ’
the electrical energy put intos it, but c05t5‘1ess than an equ1va1ent
generating capacity. (6) _ o

e

PUMF%U ywhﬂrTiPL,,fg' A hydﬁge]eetr1e pewer p1aﬁ£jwhich generates e1ectr1c (
energy for peak’ oad use utilizing water pumped into an’ elevated .

’ storage reservoir dur1ng off-peak per1ods (6)

/ - Thermal resistance; ‘computed by the conduct1thy diviéed 1nto

3@”2 The measure ef res15tance 0 gfat flow. (1, E)

- e

hAUIAfIQN The em15510n “and ﬁropagaz?bn eflenergy threugh space or through
a med1um in the,ferm of waves. (1j) , . ,

;’“

f

[YVYJAM7TON "Act or process of reclaiming; for exampla, 5tr1p -mined Tand

should be Epcff1meﬂ——reﬁlanted and leveled. (14 L ‘
AFFZFCPION Thg(furn1ng baek ef a wére from- the boundary of a med1Um (15) _”
REFUSE, “See e@sz uaete“i3 e -'iﬁﬁr? | I
| (-3 - ( I X | o
_ FFNEWABLf EYQQUHGFS Nondep]etable reseurces* fer aAJmQTE, the sun. (5)

Ca N

Ey. améyint -of 'a . _natural desource ?Eown tdﬂgﬁjst and exﬁgfted to .4

e eecoveredgby present day techiniques. o "

, b f

; 1eke tank “or bas1na=nilural ?P manmhde——ufed For the

't1nn, contro1 of water b .
a%({ [ £ : & .
'tedr@@ 1 quent1ty ef a natura1 Fésourée such essﬁ v

Tudes und1sebvered m]ﬁérai reserves (6) - =

=




SECDND LAW OF THER) foAH?CS ol
convers ign. o flihbay. Referred ti?ﬂﬁfe as the “heat tax," ﬂt can be
" stated: 1K ¥evera) aquivalent fcr,f%fg
‘evitable phssage of some energy frti
any energy conversion, '(3) “i

;HFLL “1The roaf pr cover of a hamp, hhe foundation or part that sits on
" the. graund and the sides which join the two.

" SIMPLE MACHINE. A cuntrivance for the transfer of ener gy and Fur
1ncreased eonveniance in the performance of work 13)

: SOTAR GﬁL A photmvoltaic C } which CGnverts radiant eneﬁgy from the sung
into e]ectr1cal Energy ? , _ :

1
t

. .'“@LAR FNERFY Rad1dtion energy Frcm the Sun faTTing upan the earth s -
surface. (6) ~ . - v e ﬁ%ﬂ :

| SoLIp,: A staté of matter in, wh1ch the reiative m@tion GF the m@]ecules
is' restricted and they tend Lo retain.a definite fixed position rela=
tive to each other, giving. xise to grystal strueture A so]id may be
said ta hive a definlte shape and vu]ume 13} . . S

SOLID WASTE. Use1ess~ unwanted, -or discarded materia] with 1nsufficient
[ 11qu1d céntent o be free f1aw1ng CE) o o :

J I L . - ] .i( B .EV 5 s . &
C)NIC f‘pg@gﬁﬁyM The of g oundilks r-ange .hthCh ZLHCTUC’ES audio l‘ﬂﬂQE.f, -
_ 5'?_  Rl &hﬁiés, and: ihfrasonic ange fre-
quenc1e5 (15) - ‘r;?[; R *@ oy ;
F . d

SOUND-ENERGY, ' §1nd of knergy carried by mo]gcuies that vi rate back
. and farth so that waves. are formed., (6) .. o

SPECIFIC HEAI The heat capacity cf a mater1al per unit mass. (15)'

"_SPEED éfhme rate of mntvﬂﬁ measu#e? by the. dlstanﬁe mqved over in un1t
e tim (13) _ _ . _

1.

SJAI!E ELECTEICIIY /ﬁ?ectr1c1ty at resg (y§)'
' el ‘M‘_&i ¥ E ) \
A p1ant in which the.  1me movers (turbThes) cons
nected tD the ganeratbrs are dﬁ1qgn by s,igm (), R

ﬁT@CAPILE A Jtaraga p1le cr réserve supply of an essent1a] ‘raw mater1a]
. ' for xamp1e, coa] 15 stbckp11ed in the Open air for starage purposes.,
(1 |
\n

'renEWEd bxﬁéhe use of a reverse cukrent From an externa] SQuPCE1 (15

| STQE’EDV;ENE;EC?X See E‘?‘I@fq _,f T’péténﬁiy




x

i %g %ETGRM DOOR. Addibiénal dgur with an air space between it and the ex1sting

L ?‘ \ . dQDT\ "3‘ R . ’i’ F

N g STQRM NINDOW Additiona] windcw ak%h an air space betWEen it and ‘the .

5 J existing window, Storm windows  will’ ﬁut 1n ha1f the heat that pagsé;
C through windows 4n your hause :

TRIP MINING A pracess in which rock and. topseil strata GVer1y1ng ore
or fuel deposits. are scraped- away by mechanica1 shove1s Alsu known
as’ surface mining. (E) CO o R , 1_ _

ESUBLIMINATZGN; The ﬁhange of phase frgm a saiid directiy to a vapor or
.gas. '(]5) x _

' SUPERFLYWHEEL. = A flywheei of. the“future that w111 be cnnstructed of '
mater1aL5 which have speciai prcperties aTong EaCh axis‘* See a]sa '
i ywheel. . . _ . i

;SUPEETQNKEES? Extrema]y large Gdl fankers that can ha1d up. to fﬁur .
"million barr915=(170 million: ga]]ans)agf 0il. The largest ones .
will requ1re deepwater ports. - _ . .

]

B Z‘ECHNOLDGX AppH ed t:‘ience

‘ PEMPERHTURE The condition of a bod3= ich defermines the transfer of heat
' _to or from étherghﬂdies, part1cui§fﬁ:;'%t 1s'a mi@ifestation of the
e " “average transiattonal Kinetic’ enerdyrelti gﬁmﬂie%?!?s of a substaﬁze

A due to heat agitatian, (]3f A ?3@[ rﬁj 4, ii . -
g»:;. : ) Ni’”‘ B, .
;wm;7 %EN?ILﬁ: STRENGTH. " The greatest TDngitud{f; fé%réﬁs a Substancé:ﬁan bear
c w1thout teapinig apart (14) ‘ ; .

Tfﬁ’wz, E'FFIF",
.. plant.to the amount of heat producéd by the
A dr 2 eff1c1ency w1th which thP plant, cgnVerts 5

wy: The ratio of the e]ectr1c power produced by a p ower
fuel s a-medsure of ‘the -
fal to electrical energy

g L7 T
LTI

kﬁnet1c!energy aSSDc1 ted w1th ithef
mater1a1

e~

ZE;VEFtS heat, energy tD e]ectr1ta1
.. gas, 0il, or use nuc1ear enerqy -

"s

THERMAL PGLLUTION Dégradat1on of wgter quality by the 1ntroduct1gn of a
heatpd efF]uent Primarily.a result ofaghe dischirge of cooling waters .

S ; from industrial procESSés, part1cu1?r1y {Qr;eTecﬁrﬂca1 power qenera—
Lo t1ch -(6) , S D

‘a i;p -za:"- ‘\ . “ .;J 1 & B =
S THERM@DINAMIES The science and study’ QF the relat1gnsh1p betweéﬁ\?eat

. and mecban1ca1 wcrk (4)

e ‘ . . . - . = X
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2 :ﬁ LA BN . . TR . . C

v : AR . -, Co
. o, . : P : | ©a ) .
., 7 : PrO. ! : = - .
. . 4 . ' : T h 5 o
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T%ANSFGWMEH A machine whiéh Qan iﬁérease or decréase the vo Jtage of an
1terﬁaming CUfPEnt (6) N T

F i

B q !
TRANIM SSIUN~ The act oh praceﬁs af transportiﬁg e]ectric energy in bu]k'
fr@m A source or sources of supp1y to other utility systems. (6)

' YWMNWNFSS[UN Dfnmug‘ Wires or eables thﬁﬂugh which high voltage eiectﬂdc
_nower i5 moved from ﬁﬂint ta pﬁﬁnt (6) L _
TURBINE, A mjtgr the vhaft nT whith 18 rotated by a stream of watpr 7
steam, dir, or; f]u1d fram a nazz1gsaﬂq forced agalnst the b1ades of "y
8 wheel (6 7 I -

3 v
4 Lot . b, LFTAQ
5 . . .

[

gﬁ . y
HL?%M @N!G SRACTR The's angelﬁf soynd QOWDTESS1DH waves at fﬁequén§1es w) . v

above: the audio fan,e ‘hboves20, QDQ hertz). (18) \ e
CUNIT THRAIN, An ore shuttle that ﬂarr1a coal ngﬂsstap,Frquminé to péwef; S
plant. = (10) - . ‘ , SR
: . . oty ' U » R |
K LALENL?’EEg"YHHNQ @I'?%%’ﬂl@M E1eqtr0ﬂv WHqﬂh are gained, TDst. or Share' RS
' .in chemiﬁa] react1onJ, (13) “ Qe . NP R
VHPU&,ﬁ The words vapor and qar are of gn used 1ﬂterchaugeab1y“- V&paf\is'
‘ - more frequently used-.for a bubstah imh1éh, though present ,insthe

~gaseous phase, generally exigts a8 4:59)1d,0r 1iquid at room tempera-
ture, Qoo is more frequently, ysed, for.a sqbstance that genera?]y!

extsbs in"the gasegus phase at f@@ﬂéxenmeraéute )( '3) _v : o ’ \
Ny S Y
VAEORLS Afﬁﬂﬁ,. The‘EMange Df a $ubsﬁan53 fFDm a T1qu1d or solid state to. L
the gasdbus state. One . of three: QOﬂtr1butiyg facgprs to air po]]ut]@n, ‘o .
K { the athers are. attr1L1&n and, Cmeu§ﬁ10h (6) ok g [ e
:g ! - ," -ty - M . 1 - o
g VELOCITTY, Tnme rate DF met1gn in a i xed d1rect1aﬂ '(13) ' B : o
t . 1 ) . i*ﬁ
vor, " The unit. of eiedtram6ﬁ1ve forces. |t 1;-the d1fference in pt tent1al |
L@ reqU1red to make a current [1Dw thrqugh a Pes1stance (13) -! s - } 5
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