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"The Mnerqgy Crisls can 6@ the most effective teaching aid of the decade."

: . o ) S. David Freeman - - o .
{ ' :
‘ - - Commissioner , .
‘ Tcnnessee Valley Authority

LY
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INTRODUCTION

!

3
.

In receént years Idahoans have become 1ncreas1ng]y concerned &bou(

-

the cneryy situation and aware of. the 1mportance_of energy in our lived.

- 'Experts now tell us -the 3unless-some—immediate~$te?s'are-taken-we:will -

not be able to provi .

\/\\
for our future enerqy needs as 'nation New

1csca1(h and technology can alleviate part of the problem but 'morc
N

1mmed1wtely, we must reduce ehergy use. An effective energy conserva~
. - »~ -~ .

\

t1on program can result in substantial ehergy savings, extend the life

C e

of_prESont ehergy supplies, and provide us the much-needed time to ex-

plore alternatives. ' - , *
. . 'I‘raditio'nallly; the educational system of our country has been called
on to explore and resolve societal.problems. The enérgy situation is a
i ~ “) 'r '

unicque opportunity for educators since,it reflects a complex set of

- -
-

problems that require chgnées in values, attitudes and lifestyles. The

”

_|n«truct10na1 hreram in a school can examine .these problems and can

a591st in student awareness of the alternatives and consequences “of
. . . . &
.cnerqy decisions. \ -

This resource guide has been prepared Ho assist teachers in incor-
. ) . ’ . N , \ . . . - . . -
?'. porating cnerqgy concerns within the school curriculum., It is intended

to providd a basic framework of objectives for'different subject areas

and to provide examples of activities -for teéchfng towards the stated

".objectives f’Resources are listed to a1d the teacher in developlng \

additional activ1t1esa\ It is antlclpated that these materlals will be

.‘

’ a, st’ant‘ing point and that\ teachers W111 go farther in this .1mportant v

S

¢ - \,
, . . \
area of instruction. ' . \ C

!
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cmatics may be used- to quantify or calculate energy topics. Or

these activities should snot be interpreted as an isolated energy
unib in Mathematics. Rather, they should be incorporated into the

total curriculum, across subject areas, wﬁérever possible. Math-

Energy and mathematics are not mutually exclusive. Therefore, .

; . MATHEMATICS
- = AN

cnergy topic¢s may be uéed'téfillustrate'mathématics'éOhCeptgg

L8

" this unit:

¢

[N

\ -

1.

2.

'10.

11.
12.
13.

14.;

15.°

~ The following.

Write numbens/in scientific notation.
Solve a percent problem. e

.Compute percent increase and decrease.

[}

. _-
>

. p Y /
Compute fractional parts of whole numbers. : /"

Express fractions in simplest forms.

Express an application as a‘péoportion.
' ST

N

"Solve a proportion. o L.

.

Add, subtract, multiply’and dividerdecimal numbers,

! %

/

7
-

‘

s

: _ ‘ \ ‘ R ‘
Construct '‘and interpret line, bar and circle graphs.
Use metric. measurement.

Apply statistics.and probability concepts to éenergy

problems.. ) : ‘
L L i

Solve maxima-minima problghks.

-

. o ] s, :‘ o
Solve algebraic equations "and interpret formulae.

Apply mathematic skills to consumer-related problems.

- ) - ]

-y -

mathematics skills and copncepts are included in

Compute what fractional part one number is of another.

W

.
. ~



[DAHO ENERGY - CONSERVATION RESOURCE GUIDE
Yo

PROJECT GOALS : '

This project has four goals. They are easily recalled by
the the following, acronymn:
LUV Energy Conservation - ‘ -

LUV repreosents the key words in the first three goals.

»

o .. v - )

Fd

3. Values

The - fourth goal js Energy Conservation.

‘ . 6 I
1?‘\';76‘ Cany L_)’V(Y), ’k‘ ‘,/\/ ;\.LI)

4

D Goal 1. Natural LAWS determine the availability of energy.

There are conditions and limits to our use of energy. Activities

“Under this goal -describe what energy is, what forms it takes, and how

t
T r

it can be converted from-'one form to another. These activities ‘emphasize
) . oo . - . . v ,

that all earth's resoﬁrees are limited.

>

. v
" . . . _ —_ . 1
* . N . .‘.

Y
¢ ) o~ « ) b
. Thes® key words are: : ' .
2. . 1. Laws
e S ) i
) 2. Use

»
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Goal™~2, USE of energy affects both people‘*and their environment.
" Everyone depends upopn energy. Activities under this goal &xamine

how enérqy use affects both -our natural environment and our ‘economic,

~

political and cultural systems. These activities emphasize that energy

~use influences the lifestyle for beth present and future generations.
, - - L . . » L
" Lifestyle, in turn, is influégnced by ofr choice of technology.
N ' : e

5 - . ]

Goal 3. .Our VALUES determine how we use, energy.

3 9 .

/ﬂﬁﬁery:pkoblems'can‘not be sdlved by technology alone.

us to analyze our personal energy

Activities under this goal encoure
habits and to accept the responsibilft& for our actions. They empha-
size that changes inrenefgy use aﬁd ¢hanges in values and attitydes

“are interrélated. These activities offet us spme tools for gathering
: . N o -\ ' :

information, for making decisions, and for providing input to our

economic, political and cultural systems. ’

’/

Goal 4. . ENERGY CONSERVATION is neééssary to maintain}ourulifeélyle.
Lt ) s

hY

o

There are both loné—run and short-run solutions td énergy, problems.-

4
A N .

Activities under. this goal encourage the development of both new enerqy

_ : . «
sources and of more efficient ways to use energy. They emphasize that
. l - hd °
. ‘ N S . 7
energy conservation is an effective and essential tool. :

A

W

h
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\ . ) ENERGY ATTITUDE SURVEY -
. " Teacher Note: Use this as a bre and post survey to see if the étudy
o N of this material has affected change ih student atti-—
. . ] tudes. : ' L T .
1.. Do you believe there' is an energy shortage? ° ~yes no  don't
: - : ' - ) know.
. 2. Do you believe you have been given a realistic picture of the
‘ energy situation facing thé United States? ' '
____yes no ' don'€ know \
3, Dg‘jﬁy believe most Amerjcans are energy "waéters"? yves nb
S ' _ don't know;
. 4. Do. you believe mqst Americans are energy ?COnéervérs"f "*
' ___yes no don't know
5. Do you bélieve Americans are "spoiled", self indulgent and reluct-
ant "to take responsibility for the future? yes Nno don't
_ - ) - _ know
6. Do you believe it is the responsibility of every U.S. citizen to
conserve energy voluntarily? yes y no don't know : P
7. Do you,believe Americans will conserve energy only when government:
. controls are imposed? yes  no don't know
- 8. Woyld you be willing to reduce your standard of living to conserve
I energy? yes . no don't know
9. Do you believe you as an individual can make an impact .on energy
consumption? yes no don't know ' "
. .o ] ~ ) ¢ . - ] .
10. Would y& conservé energy to save money? yes no - don't know -
A1, Do you think thé money saved. is worth in convenience of conserving
enerqgy? yes no don't know ~
. . [ . . .
* .12, . po you think the energy saved is’worth the inconvenience of con-
g£erving energy? = yes no ~  don't know -
13. Do you feel technology will "bail us out" of the ener%¥ shortage?
_..Yes __ no don't know : ) o
- : . ' v ]
14. . Do you feel you have any input or participation in the energy
‘usage decisions:made by your family?. . .yes no. don't know
15, Are ypu going to do.éomethiné to save energy? ves no | don't:
‘ . ST : ‘ : know

Take a tally for the Energy Attitude Survey and find the pefcent»
ages’ for each response. Lo 2\ . -
- A - { ~

—~——

. . . N ) .
A :
»
o .. .
. ]
L -
A .
: |
Al 1]
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GOAL. Li_ NATURAL LAWS DETERMINE THE AVAILABILITY_OF ENERGY.

Activity 1:

Obtective:

Resources:

Procedurec:

7

A}

N

¢ ‘ -
)
. N
,(\C' r') l !
o (\)é/ & ’ . ¢
A\ : N Lz
: _é?g;\ﬁ ™ 7 oy \
{‘;” @ Y - J -
NS 37) NG
A ). _
Liq 0wy \IL}-\\\)
¢
A
AR B
Sources of Energpy ' .

For the student to be #ble to describe different sources
of energy and to explain the historical importance
of each. § , :

C .
2.
3

The Ené;gy Challenge_

%£RrRDA Fact Sheets

Local Utility companies

Students will research and report upon dfffereat
sources of enerqgy

Make a chart showing available resources in Idaho
and .present percentage amounts used each year.

' i .
Prepare a graph of one source of energy and use a-

"timeline" to show the known or probable beginning
ofgﬁhat.source and how it has been ‘used over the
past 200 years. " S
v
; ] ’
e .

11

Sagtn”
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Attivity 2 Wind Power \

‘Objective: The student will be able to demonstrate that*eneggy d
‘ . can be transformed from one form to another. ’ .7'
Resources: Library resources
) Ask for information ke hrdinq usc of w1nd\onergy ,
Write to:

Public Information Division 3161 .  °
Sandia Laboratories '
- Albuquerque,” New Mexico 87115

Procedure: ° This activity can be'used/to motivate the students .to
trace power (movement, of air) back to {ts original
energy source (the sun) and speculate on further uses
of this mechanical enerqy -

v Since enerqgy cannot be created or destroyed, let the’
students trage the energy pathway backwards as far as
they can. ’ usUally regard thc sun as +the ultimate,
energy source, but is the sun "creating" energy or ‘just
-ghanging its form?

Have the students construct several plnwhcels from
plastic over-Bead projector sheets, a pin af a small

stick (a- pen011 will do). P
< :
o “Go outside ahd/demonstrate the production of mechanical .
energy. Look for thé windiest spots on the school- ‘

vyard and experiment with wind speed at various eleva-
tions such as on the fire escapes as opposed to ground
level. .

| . ) "\
The rotating pinwheel is mechanical energy. In what ways
can this energy. now be used? LET THE STUDENTS USE THEIR -
IMAGINATIONSV ' .

-

H‘Suss the following questlons -
Can a house be-supplied with all its energy FroA/p
giant pinwheel?
2. What are\\sme problems 1nvolved with wind energy?
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‘D‘Cti.Y,;i ty 1:

Objective:

Resources:

- L4

»

Procedure:
-f,

!

H

7 -

1

2. o .
\3. Energy Administration B L

5

Ty
b

Energy R&d WOrldsgconomy

¥

The student 'will: be al e'to use graphs to helg eiplain
how the availabilit of energy influences WOrldigganpmM
. d k]
U.S. Department of, Commerge IR
Major 0Oi} Company

NSTA Fact Sheets . o 7
Magazines and Newspapers’ S 7

Study how foreign o0il costs "affect Americal prices
1. Make a graph showimg percentage amounts of pil ™" _
from thes Middle Rast and South AmeriCa -

s
~

2. Follow one barrel of o0il ¥from well, through re- ‘<
finery and to consumer to show how cost to consumer ’
18 determined “ A
3. Discuss. how foreiqn ‘countries affect ‘American
économy by controlling the availability of energy.
The follow1nq questipns can help guide discyssion:
1. At presen 4 ich countries must influence
, « our economy controlling energy resources?

2. Which countries will probably have the most

* + 1influence ‘in the future? . -
. , v s :

~3. What can we do to lessen the influence of
' foreign countries upon our economy?‘

/



‘. . | .
1 i
L Y . . . \:J ‘
o #, A
- : i
" ) ) | . (
. o . . UL YR — . . A
_.,m,;xn,_ e S U >
Activity'Z; Fnelgy and Local Fconomy . o s
1’:-5 . L
Objective: . _The stadent wlmeﬁé able ‘to-explain how ™ Efe” avallability -
'es local ecqggmy. .
Resources: . 1. Local Chamber of Commerce_ﬁ"@ = 2 3
B 2. Banks and Loan CompanleS' o '
N 3. Moving Compdnies .
4. Other community resources .
. : ® X - ] :
Procedure: 1. Assume your area is hit by "gas shortage". . EE
’ Compare good employment rate with poqqlble employment
o rate with gas shoxrtage. Discuss possib Ia effects, ‘
J ., such as: _ : : By :
" -~ 1. Stations close, etc. - S - @ﬁ-, :
k o 2. Residents movg. , —_— x

3. Effect on stores, .farms, travel

- —) ‘ L s
@m&ma RR .
QO MERER

Réléted\ﬁctivity:

=

study the effects Of an oil spill on
local small town on\ the coast.,
a. flthng harmed for a year
" bistourist trade' down
c: longterm economic effects

"Example: Spnta Barbara, California
Chambexr of Commerce .
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Activity 3: J%?Qrgy and Wall Street

R Objeqtfve: For the SLUdLnt to bc ablo to use Charts to help .
. : _ _ eXplain how.-the availab}.lity of energy influences .

) ) QWall étreet 3nvestment

Resqurég: ' New yorg.gtock EXChaQQe of local investment;cdmpany-

A

’"%ZP?dCedure:_ f$tﬁdy.ecdnémics of'wéll Streét‘investors in_time of crisis.

4 AL Compare cha;ts of investments during qood tJmes

;anc CrlSJS pe(iods" ' ,
:&

Ent \ B?ilpiscuss the.ﬁollow1ng querstions:

) _ _ A"Q;How can the avallabllity of enerqy resources

e B '.” ‘afféct investments? - o

T ;s o .* Whlch "good times" and "Crisls bn your .charts-,
e weré&related to the avallablllty of enngy?

V o .()“\O‘\ \: .
{fd f( oy .L,\_‘\_}"

— . ANOTS Camt. Brumy !

¢ ;Act;v1ty 4: Energ§ and'The Individual

e \
i th ct1VQ' ‘¢$h:gstudent will be able, to comguté\end explain how S
T % “ehg gy is used by dlfferent sectors of our economy.
"',ﬁgﬁgﬁﬁfCe: ‘_EOM - 1028 U.S. Department of Energy, an Energy
SIS S - . 'Education/Conservation ‘Curriculum Guide for Home
7 v fg:Economlcs Teachers (p. 7-11). - s
. "Procedure: 1. Prepare a circle graph 1ndlcat1ng the percent of
SRR energy used by the industrial, transportation,
';§ ) residential, and commercial sectors ,
f%%ﬁl ' 2. Calculate the percert of 1ndu$tr1al enerqgy utlllzed
C - in each 1ndustr1al end use: _ , :
e EX: 16.7 _ X
40.5 5 X -
. ' ' N .
‘ S . ..40.5% of industrial end use is process steam
N | . ) .

153 ‘ - \ ] 11 {'
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.,:Prepare a‘circle grap indicating the

. .\ g
From the calculations in activity 2, construct

a circle graph indicating the percent-of Imthgtrial -~ -
energy dédicated to each induitrial end use.
percent of
transportatibn energy, consumed by eacﬁ element.

-

Calculate the ‘percent of residential energy utilized

in’ ‘each residential end uqe ~
EX. 11.0 . X ° T L ‘
y  57.3 = X * ) \
o 857, 3%-of-residential-endiuse»is-Space-heating

Prepare a circle graph. of the calculation’results
in activity 5, indicating’the percent of residential
enerqgy dedicated ‘to each regidential end use,.

Calculate the percent of Commercial enexrqgy utilized
in each commercial end use. :
y k

EX. 6.9 _| X e ' e

147 \100. ‘

47.9 =

47.9% of commdrcial end wse. is for space heating

Prepare a circle graph of the calculaticn results

in activity 7, indicating the percent of commercial
energy dedicated to each commercial . end use.

‘a. .Discuss ‘how the use of energy by different sectors

of the economy affects the individual. The following:

1i questions can help guide discussion:

\
1. How do different sectors of the economy pass
" their cost of energy on to the individual?

2. How can the individual help keep down the
" cost Of energy used by different gsectors
of the economy?
-‘J ‘ .
Examples .include conseirvation, consumer advocacy
and\legislation. '

R £+
!
3
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Actxvnty

'_Rcsourucs:

L

Procoedure:

‘Enqréy and,the Family

A)

\ ] -
For tho qtudent to be able to calculate the- importance

of encrqy costs to the family budget. e
1. HCP/U3841 0002 Mathematics iannergy' T
2. Tips for Energy Savers, *

{

Tcachers note: Whis act1V4ty should be handled
tactfully. Sonle families™®Will not‘want to revecal
their incomes. You c¢an avoid this problem by using -
your income to illustrate, mhe activity. Or you can
"make-up? incomes for lma&inary friends.

1. Given the ycarly familﬁ'incomc and the fractional
part of the income spent on energy, ca]culate the
amount of money spent on energy.

EX. TIncome = $14,000
Energy = 1/20

A= 1
20 (14,000)

A = $700

2. Given net monthly income and the dollar amount

sfent for electricity, heat or gasoline, calculate
the fractional part of the net income spent on these
Commodltleq e

EX. Net Inocome = $§750 ' ¢
Electricity = $30

30 =1
750 X
30X = 750
% . 750
30
X = 25
1/25 = F.P.




- K
- . \ ~
. ~ . 3. Given enerqy consumptibn rations under different
) : conditions, determine the percent increase or Ty
) : . _decrease. . . S '
. ri .~ EX. Electricity = $60 August ' ) S N
v “\ , , -Electricity = $69 December - .
! "‘. . - - & - oo ‘ .
:\1: " . . . '
. X\ 69 -, 60 o
X = 15

15% increase : o - . ! ,
| 4. Discuss how families can reduce their. consnmption
2 ...  of energy. ' ‘Students .can explain techniques used
' successfully by their own families. N

Related Activities - ] PO
I'. Given a har graph indicating the percentage
of energy converted to useful work for
_different sources, determine the most efficient
and least efficient sources. ,

2. Given a lime graph comparing fuel consumption
_ with speed, determine the speeds for least
S~ . consumption and greatest consumption.
. 4

3. Given the percentages of total residential energy .
consumed by household appliances, ponstruct
a bar graph_ of the information.

1- 4. Given .the average population of each of the
' ‘ past five decades and the average energy
_ : , consumption of each decade, compute the percent
- ~ increase in enexgy use per caplta between
."any two decades. :
5. Given the odometer reading at the beginning of
' ‘ - one tank fill and the beginning of a second fill,
' and the gquantity of the second fill, compute the,
¢ miles per gallon or kilometers per liter

\
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Activity 1

Objective:

7

Resource :

Procedure:

" f.‘
oUR_VALUES DETERMINE HOW WE USE ENERGY. -

Fnergy and Values

Energy .and Man's Environment

:6.I Digscuss how/people can be encouraged to

»ﬁ,f7~m~ ]

Cane ‘bﬂf

i

& ‘ .
Por the student to be ablc to explain, on the basis
}athematlcal trends, how values. and attitudes
1 .

1nf uence cnergy ccnsumptlon

Energy and Conservation Educatiomn

Qutlook for Energy in the United
States to 1985, Chase Manhatten Bank,

" ’ .. |
Sa

1. The’ student will research United States pcpulatlon )
fQr each f ifwe year period from 1940 through 1975, con-
struct a bar graph of the populations’for each Qf these 7~
periods, and pro;ect population flgures for 1980 and
1985, -

2. The student will research yearly consumption of barrels
of oil by the United States for each five year period
from 1940 through 1975, construct :a bar graph of con—
sumption far each ©f these periods, and project con-"
‘sumption figures for 1980 and 1985, :

, 1972,

3. Using the figures from Parts 1 and 2, calculate the R
per capita consumption for each of the five year
periods® fromt 1940 through 1975 and project per
capita figures for 1980 and 19285. :

L

’

4. ' Discuss how the fOllOWlng variables.influence our
values and attitudes toward energy resources-

1. " Population density _ .
2. Per capita consumption : ’
3. Availability of energy o - Q\

5. Discuss whét‘changes in.valueéiand attitudes are .
needed to reduce per'Capita cohsumption ::/;pergy.
ange their

values and attltudes toward energy uge.
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“‘ElﬁlewﬂiQﬂE I The‘Need to Conserve Enepqy .
Objo <txve ~ The' tudcntawill be able to explain, on the basis of
. : U mathematical - ‘caleulations, ‘the needs for: enelgy con~" 7T
' SL[VHfJOﬂ . ¢
0

Resources: 1. . ERDA PFact Sheets ' 'Y
" %. Mathematics in Energy ‘
3. Energy Conservation in the Home
4. FEnergy & Man's Environment "
Procedure: The following groups of activities address the state
' objective. The teacher should encourage discussion

~ about the need for energy conservation.

Activity 1 The E?ergy Environment Simulator, is a small computer

. that indicates various amounts of different resources

. _ nceded to have environmental harmony.

' Students.control rate of resource use.: Simulator in-
dicates length of availability. . '
Air fuality is a controlled variable.
The Energy Environment Simulator is available through
the Mathematics Department of Boise State Unlver81ty

.

Activity 2 Have students llBt energy—using devices in home. Discuss
how energy-.cquld be saved by using these, dev1ces less
or in a more efficient. ‘manner .

R e ———

~ —
) | | 6~ M% Crom (maf{&mmu
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Activity 3 Topicq far class discussion: ' )

A. The U.S. has 6% of the world's population and -uses over

. ;'50% of all raw materials in the world. 'We need.29
. - minerals and we import 18. What happens in other
puntries is very important to us.- Why? J

B. Local resource problems are everywhere, how does. .
» . tourism,, urbanization, pollution, zonihg, and - .
planning affect yQur home town? ) .

C. As world populations increase and thher standards of
living develop, 1tLbec0mes vital to practice cdnserva-
tion of- natural re§ources. - : :

Acrivitygd Regource: Mathematics in Energy NSTA pp. 31-32 and 63. °

The follow1ng problems deal with pOpulaLaoH\and ‘energy
- consumption in the United States from 1920 1979

A. !Make a bar graph showing population ﬁor each decade.

B.! Do research to dlscovqg per caplta energy consumptlon
-f for each decade. :
c.! Progect energy consumptlon per CQplta from 1970-1980.

i
]
f
i

O

- !

Project (estimate) population of 1980.
t

. Activity 5 'I‘g/e circle graph below shows a breakdown of energy
consumption by decimal part in the U.S. : ,

(8
AN «R951dEnt1al .

:20 X

14
k\\\\\\SFCommerc1al

F;\\““\Jndustrlal ' .

¢ T e

,,\

e

'Pranspoftation

. Total U.S._energy consumption was approximately
~ . 18.7% x- lOlJ calories ‘in 1976. Using the decimal
" parts given in the graph, calculate the number of
calories used ‘in each category.

3t

e !
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ActiVﬁty Group -2: - Ways to conserve enerqgy

'Objectivé:‘ The g%udeﬁt will be able to explain, on the basis of
matheMatical calculatigns, the effectiveness of different ‘
ways of conserving'energy. ' _ \

: e}

Resources:’ 1. Mathematics in Energy - "

- 2. Transportatton and the Clty (WFtlvnty $#9)

o Procedure: The follbw1ng group of act1v1t1es address the qtated

\ . objective.. . The teacher Should encoyrage dlscuq51on ,
about the fo]]owing . -

!
1., How energy consgervation affects ‘the student
2. How the student caq)bet started on hls/hor ‘own
T ) cnergy conservatlon program. = : -

Activity 6 Given the average fuel consumption for an uninsulated
' home, and the average cohcumptlon for an insulated home,
/ determine the percent decrease in consumptlon

EX: Inpulated- 900 Gallons Ol

\ Uninsulated = 1600 _Gallons 0Oil '
x- _ 1600 ~ 900 - . .
100 ' . 1600 - - , -
X:= 43.75% o

' >
. g
N v
_ ) -
. 7 _"’" )
7

, t - - — e > (S7#C. Ry
Activity 7 Given national potential energy savings in~10}5 ca?o{ies
, Thermostat set back .37
- \ (68° day/60° night) ~ : ‘
A Water heating (120°) 15,
pir Conditioning (78°) .03
_ -Hot water use (1/3) ' S .12
‘ Furnace Tune-up .15 :
Air Conditioner Tune-up .23 )
Insulated ceilings ' , .18 ' - 5
Weather stripping ~ : : .08 ' I
' Storm Windows & Doors .04 " e \
Determine the number of calories (in scientific notation) gayed by each  -_!
raction and the total number of calories saved. ‘

N
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. ﬁ’ B ) . . .
'( Activity 8 Given the roof areas of two bui¥dings and the number
I . of calo;ies solar energy received by one, determine
{ » the amount of solar energy regeived by the other. -
' . ' EX. Roof 1 = 1600 sq. feet :
) r Roof 2 = 1200 sq._feet ~/

v _ ' 1.5 X 109 oal /year t ~ '

- g ¢ -

R . X 1.5 X 107 .

‘ N Yeoo b 1300 : %

X =/é/?.1o9 cal/year

0

f Ii/.‘;r.: R e o QO O T vt 1o R T It
. ‘.‘) - "
° " o M| 7 . h
v % T
Y . - - b
, Activlty 9 Given the percenf reduction in utility bills from the
Y imstallation of solar heating panels, the current .
dtility bill, and thé cost of the installed solar unit,
determine; oo ‘ -y .
a - ¢;L.new projected utility bill .
b - time required to pay for the solar unit "
e EX: Soldr cost = $5000 .
o : Current bill = §700/year
Bill Reduction = 60% , .
| ‘ a - projected new bill = .40 (Z00) - ‘
: ' B _ . = $280 . )
e ‘ b - time .= 5000 - | .
. ) L I , _ B ’ = 12 yearsh - N o . _ , 'l
~ - 19
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Activity 10 Given gasolidb coﬁsumption rates at differenE’Speeds,
trip length, and per gallon price, determine tbtal
consumption and cost for the trlp at different rates

of speed. ~
o @

Activit Given the miles per gallon congumption fiqures for two
_wa. P
automobiles and trip mileage calculatée - the percent ‘

v - N incrbase or percent deorease in fuél” consumptlon.
roT EX. Augo 1 = 10 m.p.g
‘_ﬁ Auto 2 = 12.5 m.p.g
Comsumption 1 = 200 _ 29 gal.
- '1 -
Consumption 2 = 200 = 16‘gai:
[2.5
\
- X _20-16
( 100 .~ 20
: ‘ X = 20% decrease f

/

" Activity 12 Given.the mlles per gallon consumption figures for an
- automobile before and after tune-up, determine the per—
' cent increase in mileage. =

Activity 13 Given the percent increase in mileage from a drop in
speed, and the mileage at one speed, determine the
mileage at the other speed. ’

EX. Drop in speed: 70 mph ---- 50 mph
A Increased mileage = 20% : .
¢ 70 mph —-=-~-- 25 mpg .

- Determine: mpg at 50 mph
. X 25 + .20 (25)
X 30 mpg

il

Activity 14 Given the following type table:

Mode Number . MPG - Gal/20mi. PMPG
car 1 18 1.11 1.11
car 2 18 T
car 4 - 18. . ‘
van .. 1 - 16 - 1.25 v
van 2 16
x van 8 16

LoV . bus 5 3.3 6.1
bus 20 3.3
bus 40 3.3 / ) :
train 1000 .1 200
plane 100 .25

Calculate the missing amounts.

e .n ' | " ’ .‘ 24
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’ betinitions

bawvrel ' : QA 11qu1d volume measure equal to 42 gallons
- . - (about 5.6 ‘cubic feet) . :

DEFINITIONS AND ENERGY EQUIVALENTS

hillion .: One thousand million, or 109.
. ' P )
’ BTy, ( & 'British Thermal Umit", the amount of heat edbrgz

that must be supplied to-one pound of water to

raise its temperature through one Fahrenhetit® degree.
Tt takes about 74 BTUs to bring one. cup (8 fluid oz.)
of water from room- temperature (7OOF) to its b01]1ng
temperature (212°F}). :

Calorie ’ - ‘
(Calorie) ! See kilocalorie, below. : . -

Fossil fuel @ Any naturally occurring fuel of an organic nature --
» usually used to describe coal, crude oil, and
2 “natural gas. g .
Tont s
heat vatoe : A way of expressing the thermal efflolency (see below)
' . of electric power plants: equal to ratio of BTU ihput
(from primary fuel) to kilowatt-hour output (electrlclty)

kilocalorie : A unit of energy, often written' as "Calorie" in food-
’ science literature, equal to 3,969 BTU (one calorie =
0.001 Calorie). Per capita food energy consumed in /
the U.S. in 1970 averaged 3300 C lorles. gﬁ_

kilowatt (kw): A unit of power, equal -to 1000 watts, or 0.94ﬁ BTU per
socond

kilowatt-hour '
. (kwh) mﬁ*fg,; A unif of energy, equivalent ta 3,413 BTU (0.948 BTU
' ?ﬂﬁ per second times 3,600 seconds.)
b

megawatt (Mw): A unit of power, equal to 1000 kilowatts, or 1,000,000

watts.
quadrillion : One thoudand trillion, or_lOlS;
’ . o "
therm : Used somewhat interchangeably’ to mean either X

100 FublC feet of natural gas,‘or 100,000 BTU.
thermal
efficiency : The ratio of the energy delivered by ‘a process to the
o energy extracted from the primary fuel feeding the
: process; both 1nput and output are usually expres$sed
in BUTs, and the ratio as a percentage (necessarlly
less than 100).

. ‘ton : : - Used here to mean a “short ton," or 2,000 pounds.

. | o | ' . By
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trillion One thousand billion, or 10 .
watt A unit of Epwer, mQat often applied to electricity
, A power of one watt implies energy is beifig consumed
- at the rate of 0.000948 BTU per second. .
Pl . .. N ‘ ’. N )
~ - . e

ENERGY EQUIVALENTS s -

crude oi®

natural

coal

gas

gasoline

¢

L]

5.8 million BTU per barrel (138,000 BTU per qallon)
combustion energy. ' v .

1,032 BTU combustion energy per CUbic’fOOt(%

13,000 to 10,000 BTU combustion energy per poqu
depenpding upon type (bituminows and anthracite the

higher figure, lignite and sub-bituminous the lower).

. ]
Approximately 125,000 BTU combustion energy per

“gallon.

One quadrillion (101%) BTU per year is equivalent to burning
472,000 barrels of oil, or 2,660 million CublC feet of natural

gas or 130,000 tons of coal per

day.

Nine ‘'super oil tankers (250,000|*dead~weight tons") carry oil
with_a combustion energy equivalent of roughly one quadrillion

BTU .12

LY
. .
The energy avdilable from fissiohing,one tgn of uranium ore (qu::/
in a burner reactor is 0.56 trillion BTU.

Strlp mining yields, on the average, about 5,000 tons of coal per
(A "good" acre can yield as high as 25,000 tons, but the
area substantially affected by ‘the stripping may be three to

five  acres.)
" yield approximately 10,000 tons per acre.

acre.

&

22
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) GLDSSARY
® ' .

ACCELERATLION. The time ‘ate of change of veloc¢ity in either speed
‘N . or direction.’ S o g ) Co
- . - * ‘ . Y . . .
ALTERNA'TING. CURRENT (AC) . An electric current -wbose direction of '
. flow is changed at periodic intervals (many ‘times per second) .
ATOM,  The smallest particle of an element which can.enter into
" a chemical gombination. All chemical compounds are formed of
Ta atoms, the differehce betwecen compounds being attributable to,
“the nature, number, and arrangement of their constituent atoms.

ATOMTC ENFERGY. The constitutive internal ehergy»of_ the atom which
was absorbed when it was formed; energy derived from the mass:
converted into energy in nuclear transformation. .

BLACKOUT. A total power failure caused unintenfianally by storm
damage, equipment failure, or overloaded utility equipment.

. An exceptional situation in which all power is deliberately
cut off by electrical generating .facilities.

e BLANKET INSULATION. Cotton fiber, mineral wool, or wool fiber made
gi into varying thicknesses in a length. ‘ - :

COAL.. Solad, coﬁbustible, organic hydrOcafboh fofme@ by the :
“" decomposition of vegetable material without free access to air.

COAJL GASTFICATION. . The conversion’ of coal to ‘a gas suitable for use
v .as a fuel. . o : '
7 COMBUSTION. Burning; technically, a-répid oxidation accompanied
' by the release of energy in the form: of heat and light. It~
is, one of the three basic contributing factors causing air
pollution. The others are attrition and vaporization.  ~ .
COMFORT ZONE. The proper temperature, humidity, and air movement
to create a feeling of comfort. L

CONDUCTOR (ELECTRICAL) A material capable of qarfying an electric
current. o : ~ - ' : t

bONSERVATION“ The care or.management-Of natural resources. \

' CONSERVATION OF MATTER AND ENERGY. (LAW OF) . The sum of the potential-
and kinetic energy of an ideal energy system remains constant.

" CONSERVE. To'manaée or use wigely, = o o
. - & ’ i .
CONVECTION. The tfansfer of energy by moving masses of matter, -

"such as the circulation of a liquid or gas. °

. . , . .

. CONVENTIONAL HYDROELECTRIC PLANT. .A hydroelectric power plant
S that utilizes streamflow only ‘once*as the water passes dowmgtream,
as "opposed to a phmp—storage7plan£ which recirculates all or aﬁx

- portion of the btreamflow in the production of power,

ls




o ’ o
CRUDE OIL. Liquid fuel formed from the fossils of dhimals ahdkpients;
petroleum as ‘it comes from the ground. . o

Yy "' i . ., . Y
CURRENT (ELEC'PRIC)-A-:.*_...- The rate ofy transfer of elec‘t?lc*ty . ' ‘
CURTA[ﬁMFN Cuttiﬁg back the use of energy resourcek as opposed

to coneerv1nq OI w1sely using ﬁpergy resourte%.;

. ' E L
DIRECT CURRENT (DC? An ‘electric current that flowégf
t{on thr0ugh a circdit. '

DIRECT "ENERGY CONVERSfON The proceqs of changing any-bther form of_
energy into electrlclty without machinery that, h&e moving” parts.
For examplé, a battery changes: chemical energy 1nté&electripfty
by direct -energy conVer81onq\ » ;

DOUBLE GLAZED w1NDOW Two panés of glass factory- sealed ?
with a small ‘4ir space.between them. Double gla?ing’ﬁ
twice the R-value of qlngle g1a21ng '

i.e
¢ A

EFFICTENCY . The ratio of the useful work performed to the ﬂ;?ﬂh

.enerqgy usced in the g@rocess., ‘ S o e

ELECTRICAL ENERGY. The energy a35001ated-w1th electrlc bharge hpndﬁﬁ o ﬁ,a
their movements. Measureﬁ\igrwatt hours and kilowatt houns. SR
One watt-hour equals 860 cateries. - B Coe A i e
¥ ) @‘_ e ,‘.’. <Al f;

'-kLLECTROCHEMICAL CELL. &’ cell in which chemical energy .is- coﬁv_;
s 3 to electric enckgy by a spontaneous oxidation- reductlbn,

react:on LN . _ ‘

Y
- ~ ~ . ,."“‘““..‘

ELECTRON The electron is a small particle having a unit Of.?‘éﬁt .-{.} N
neggyuve electrical chdrge, a small mass, and a smaPl ﬁ1a§n§§r.ig;¥-ﬁ

Evefy atom consists of @nhe nucleus and one or'more electr \\¢.lﬁéj e
' N X e . Ly
. . - T o . % l." N
ELEMENTS. Elements are- substances which ‘cannot be deco posed by . ‘ﬁ:u
ordinary types of chemical change, or made by chem cal Unioq;, ERSRCE
ENERGY. - The. capability of doing work. Potential energy is qu{%g - B
‘due .to position of ‘one body with respect to another or re ‘&e e aws
parts of\the same body. Kinetic energy is due to motion. ',b ' ‘gﬁyg _
’ v e
H L2

ENTROPY. Entropy is the capacity factor for isothermally Unavallag%Q] &, ,%;,%
energy. Every spontaneous process in nature is characterized: §y___p;g.“
an increase in the total entropy of- the bodies concerned in theg; . -
process. ) . i o - B .

ENVIKONMENT. ., The sum of alh external conditions and 1nfluences _

' éffeotin!hghe life, development, and’ultimately the surv1valv'

of an.or ism.

L4 »

" FIRST LAW OF THERMODYNAMICS. (Also called the Law of Conservatloniﬁk;uux.;:;
. of Energy).. Eneray can be neither created nor .destroyed. BT

]

.. . . A
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‘ IIQSION ‘A nuclear reaction from which the atoms produced are

s

- FUEL

FLYWHEEL. A niethod of energy storag %orking on the prlnciple of

each approximately half the mags of the ‘parent nucleus. In other
words, the atom is split into two approximately equal masses. There
ig also the emission of extremely great quantities of energy qince
the sum of the masses of the two new atoms is less than the mass

of the parent heavy atom. The energy releaded is expressed by
Einstein's equation, E = Mc2. -

r

a gpinnihg wheel By its inertia: a spinning"wheel stores
mechanicald . | B -

FOAM INSULATION:» (1) "Styrofoam; (25'Rig16'fohm“boardé:;ora(B)‘Liquid

FQ q]L lUFL . Coal, oil, naLural gas sand other fuels origlnatlng _ ,‘
 from geologic dep031ts of ancient plant and animal life de-

foam insulation.y

S 3

‘,-Tpendtﬁq on cx1dat1on for release of energy.

FURL.

Y

FUSTO

" GAS.

A subsgstance used to produce heat enerqgy, chemical energy
by combustion, or nuclear. energy by nuclear fission, !

CELL. A device in which fuel and. oxyqen are comblned to
produce chemical energy that is converted directly into
electricity. : .

(ATOMIC). A nuclear reaction involvinig the combination of
maller atomic nuclei or particles into larger ones with the
release oE energy from mass transformation. This is also
called a thermonuclear reaction by reason of. the extremely
hlqh tomperature required to 1n1tlate it.
I

FUSION: A reaction in which light nuc1e1 oomblne to form an atom w1tW\

grcater mass.

A state of matter in which the molecules are practically un-
restricted by cohesive forces. A gas has nelther definite
shape nor volume.

N v ' '
~

GASOLINF,. Mi%%ure of hydrocarbons obtained'from petroleum .

-

GENERATOR. A deV1ce that converts heat or mechanical energy into

electr1ca1 energy.

GEOTHERMAL. As applied to power gener&tion, the ‘use of. heat enerqgy

obtained -through the medium of hot water or steam cominq from

beneath the e&rth's surface.

GEOTHERMAL ENERGY. The heat energy'available in the earth's sub-

surface believed to have been produced by natural radio-
activity. The thermal gradient of thd earth's crust is such
that the temperature in a deep well or mine increéases by. about
1°F for each 100 feet of depth. -

e
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GRAM. A unit ol masscin the metric systom; ].O"3 standard kiloggam.

» ’ . _
GREENHOUSE EFERECT. A method ot using solar radiationgio warm
undervheated  arcas (window treatments are opened allow the

- . window to admit qnd\t_rap the sun'sa heat) .
2
GROSS NATTONAL PRODUCT (GNP) . A measure of economic activity which

is the total market value of all goods and services produced
tnoa countyy. hepreciatsen and other allowances for capital
constption are not Jdedf : '

ed.

HEAT.  Fnoerqgy posscssed by a subgtance in the form of kinetic energy,
' usnally measwred in calories or, in space heating, by the
) British thermal unit. Heat is transmitted by conduction,
convection, or vadiation,

e HEAT CAPACTTY . The gquantity of hoagxrequired to increase the
S cheuperature of a gystem or substance one degroc of temperature.
Ftors usurkly expressed in calories per degree Celsius.

HEAT ENERCY . Fnergy that cduses an increase in the temperature of
an object. 1t may Hmngc the' Ub‘)oct

Erom>solid to liquid or
trowm Tiquid to ga

“HEAT UMY A device that absorbs heat fryom the outside-air and
: pumps 1t into the house. 1t works in reverse as a standard

alv condirtioner for cooling. : T

-

N

HORSEPOWER. A unat” that mQL:Jres the rate at which energy is
profluced opr used. A pan-doing heaVvy manual labor produces '
onetgy at the rate of about .08 horsepower.

HYDROELECTRLC, PLANT.  An ¢lectric power plant in which the turbine-
quQFdLHES are driven by falling water.

HYDROLll‘ﬂhLaLFY I]OL[I] city production by watcr powered turbine

ganerator, /j
. o

. Ve : _
YDROLOGY .. The sclence dealing with the properties, distribution,
and civeu Lation of water and snow.

)

HYDROPOWER.  Power by talling water.

INSULATLON. . A subslance that insulates is one that can slow down-
the Lluw of heat, or sound. -
i

i v
-1NTERNK\ COMBUSTLON PQQQNU. Energy is supplied by a burning fuel
. which 1s directly transformed into mechan1cal enerqy by
Ontrollod combustxon. :

JOULE. A metric unit of work or energy; the energy produced by a
' force of one newton operating through a distance of one meter,

KILOCALORIE. Heal energy equal to 4.19 x 103 joulas.

1
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KILOVOLT (KV), 1,000 volts. _ _ ' .

KTLOWA'TT (RW) . The unit of power equal to 1,000 watta, 3.413
HTUs . or 1,341 horsepower..~ Roughly, the power of one kw
is capable of raising the temperature of a pound (pint) of
water 19 in one second.

KILOWATT-HOUR (KWH), ,The amount of work or cnerqgy delivo%cd“duxinq
the steady consumption of one kilowatt of power for a period of
once hour; oquivh]ont to 3.412 BTUS.

Licur. Radiant oneﬁgy which an observer can see.

LIQUIFLED NATURAL 3AS (LNG) ., Natural gis that has been changed into
a liquid by ¢ooling to about -2600F (-160°C) at which point.it
occuplies abotit 1/600 of 1Lq gaseous volume at normal d!mosphcric S
progsure; thuo, the cost of shipping and storage is reduced.

MECHANTCAL ENHRGY. The kind of energy that is released to make objects
nmove . . ) .

MEGAWATT (MW) .; A unit of power equal to 1,000 kilowatts or one million
wat ts. '

METHANE . Lo]brle nonpoisonous, and flammable gaseous hydro-carbon;

‘m]tted by marshoC and by dumps undergoing decompoq1t1on

.

NATURAL GAS thulally occurring mixtures of hydrocarbon gases and
— vapnr% ‘occurring naturally in certain geoloQLc formatlons, usually
Tfound associated with oil. '

NONRENEWABLE RESOURCES .  Depletable energy resources such as the
fossil fuels -- coal, gas and oil. :

NUCLEAR" ELECTRIC POWER PLANT. One in which hoat for raising gsteam is
provxdod by fission rather than combustion of fossil fuel.

NUCLEAR  (ATOMIC) FUEL. Material contalnlnq fissionable uranium of
such composition and enrichment that, when placed in a
nua]onx reactor, will support a self-sustaining fission chain
veaction and produce heat in & controlled manner for process

usae. ' , : 8
NUCLEAR POWER. Electric power produced from a power plant by convertinq t
the cnergy obtained from nuclear reaction.
\ \

NUCLEAR POWER PLANT. Any device, machine, or asgembly that converts
nuclear energy into some form of useful power, such as nechanical
or clectrical power. 1In a nyclear electric power plant, heat .
produced by a reactor is generally used to make steam to drive
a turblne that, in turn, drives an electric generator.

NUCLEAR REACTION. A'Leaction"involving a change in an atdmic nucleus,
such as fission, fusxon, neutron capture, or radio-active decay;
as distinct from a chemical reaction, which is limited to changes
in eletron structure surrounding the nucleus. .

. .
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OFF-PEAK. FEnergy supplied during periods of relatively low,system'
- demands . .
Ol SHALE. Sediméntary rock containing so0lid organic matter - .
(kerogeh) that yields substantial amounts of oil when heated
to high temperatures. T

OTL SPILL.  The acclidental discharge of oil into‘océhns, bays or inland
waterways. Methods of oil spill control include chemical dispersion,
combustion, mechanical containment, and absorption. ©

T OPEC (Organizaéion of Petroleum Exporting Countries). An organizaﬁion
of countries in the Middle East, North Africa, and South America
which aims at developing common oil-marketing policies. -

PEAKING . Power ‘plant operation to meet the highest pértion‘ﬁf'th%'f
daily load.

PEAKTNG CAPABILITY. The maximum peak load that can be suppliéd by a
: generating unit, station, or gystem in a stated period of time.
For.a hydroproject, the peaking capability would be equal to
the maximum plant capability only under favorable pool and flow
. conditions. QOften the peaking capability may be less due to
reservolr drawdown or tailwater encroachment. -

POWER. The time rate at which work is done. If an amount of work (w)
1s done in time (t) the power or rate of doing work is P = w/t.
Power will be obtained in watts if w. is expressed in joules and

t in seconds. \ .

PUMPED HYDROELECTRIC STORAGE. The only means now available for the
large-scale storage of electrical energy. FExcess electricity preduced
during periods of low demand is used to pump water up to a reservoir.
When demand is high, the water is released to operate a hydroeélectric
generator. Pumped energy storage only returns about 66 percent of
the electrical enérgy put into it, but costs less than an equivalent
generating capacity. , - '

PUM&HU\S%&RAGE PLANT. A hydroelectric power plant which generates
eledric energy for peak load usge by utilizing water pumped into

an elevated storage reservoir during off-peak periods.

R-VALUE. Thermal resistance; computed by the conductivity divided into
one. .The measure of resistance to heat flow.

> ™

RECLAMATION. Act or process of reclaiming; for example, stripmined land
should be reclaimed -- replanted and leveled, '

RENEWABLE RESQURCES. Non depletéblg regsources; for example, the sun.

RESERVES. The amount of a natural resource known to exist and expected
to be recovered by present-day techniques.

RESOURCES . The estimated total quantity of a natural resource such as ‘
' minerals in the ground; includes undiscovered mineral reserves.

i “ ’ Y :
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.SECOND LAW 6[“ THERMODYNAMICS. One of the two " ].j_mjt'(laws hich

govern the conversion of energy. Referred to hevxe as the
"heat tax", it can be stated in several equivalent forms, all
of which describe the inaevitable pdssage of somé energy from

a useful to a lcss useful form in any energy conversion. ) ‘t
SQLAR CELL. A photovoltaic cell which converts radiant energy” from
the sun into clectrical encrgy. 5
. . R !
SOLAR ENERGY . Radiation enq4gy fronmmthe sun falflng upon the iiiyﬂvs
surfacce. - +

SOLID WASTE. Useless, unwanted, or djscard“!haterial with insufficient
liquid content to be free flowing. .

~ "

STATIC BELECTRICLTY. Electricity at rest. ' o
. - v .
STEAM-ELECTRIC PLANT. A plant in which the prime movecrs (turbi
connected to the gencrators are driven by steam. 2

|

STOCKPILE. A storage pilejif'reserve supply of an essential raw ', 
('\

material; . for example gfcoal is stockpiled in the open air for
storage purposes. '
- «
STRIP-MINING. A process in which rock and topsoil strata overlying
ore or fuel deposits are scraped away by mechanical shovels.

Also known as surface mining. ///‘
"~ .

TECHNOLOGY . Z\ppllud science. . |
a .
THERMAL, FFFICTIENCY. The ratio of the electric power produced by
a power plant to the amount of heat produced by the fuel; a
mgasure of the_ efficitency with which the plant converts thermal
to electrical encrgy. . .

. THERMAL ENERGY. The total potential and kinetic energy assoc1ated with

. the random motions of the partlcles of a material.

THERMAL, PLANT. A gcneyatlng plant which converts heat energy to \\w»-
electrical energy. Such plants may burn coal, gas, oil, '
use nuclear energy to produce thermal energy.

THERMAL POLLUTION. Degradation of water quality by the introduction
of a heated effluent. Primagily a result of the discharge of
cooling waters from industrial processes, particularly from
electrical power generation.

THERMODYNAMICS. The science and study of the relationship between
heat and mechanical work. '

TRKNSMISSION. The act or procesgs of transéorting electric energy in
bulk from a source or sources of supply to other utility systems.

TRANSMISSION LINES. Wires or cables through which high voltage
electric power is moved from point to point.

29
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TURBINE. A motor, the shaft of which is rotated by a stream of

water, ste&?, hir, or £luid from a nozzle and forced against
the blades of a wheel. . : \ - , N
VAPOR. The words vapor and gas -are -often used- interchangeably.
PR Vapor 18 more frequently used for a substance which, though .
1@ present in the gaseous phase, generally exists as a solid or
: liquid at foom temperature. Gas is mpore frequently used for
d%? ¢ v &'Bubstanc& that generally exists in the gaseous phage at

..§-4Q-room tempergture.
,g;‘.g,;%/

¢ | , . .
fVAPORIZATION. The changg of a substance from a liquid or solid state

to the gageoug state. One of three contributing factors to air
pollution; the other are attrition and combustion.

v . i -

VOLT. " Theo unit of electromotive force. It is the difference in
potential required to make a current flow through a resistance.

VOLTAGE. The amount of force employed to move a quantity of
clectricity; measured in volts.

WATER VAPOR. Water in the form of a gas.

e

WATT (W) A unit of measure for electric power equal to the transfer

of one joule of energy per gsecond. The watt is the unit of power
most often associated with electricity. (1 horsepower = 746 watts)

y determined by multiplying required volts by required amperes
- (volts x amps = watts)./

-
s

WEATHERSTRIPPING. Reduces the rate of air infiltration by making sure
~ that all doors and windows fits their- frames snugly.
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