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\ Amer1ca is faced with an energy dilemma which President Carter has_
described as the "moral equivalent of war."” Our nation's productivity

and. our own 11festy1es are threated by the declining ‘availability of some e

“ fossil fuéls and the areatly increased prices qf others. For the first -

A

J
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[0

time-in the higtory of the United States, our economic well-being ¥s. :
dependent upon uncertain supplies of foreign fuel, the price of which _gﬁ
is set .by the Organization of Petroleum Export1ng Colintries. The nation
must decrease-its reliance upon these scarce and expensive fuels and develop
alternate energy soqrces to meet- 1ts needs ‘

¢ It is of the utmost 1mportance that qur youth understand the: prob]em;,

.its consequences, and the possible a]ternatessoTut1ons.~;The/future well=
be1ng~of an Amer1cans depends upon our reactions to tﬁe energy. cha]]enae

Th1s curr1cu1um was carefully deve]oped under the. d1rect1on of the

v

Depar nt-of Education and the Governor's Energy Council to inform students

about “current energy situation and to increase their awareness of what
they, as 1ndﬁv1duals, can do about it.
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- Dear Energy Conservatlon Instructor: /-;
- Lt Y AL ,
23 As you know, conservatlon is presently the only real ° p)

alternative that we have to the energy problems that presently 2 -

«confront us. 'Conservation of our natural resources 1nvoL¥§s

‘a comglex understand&ggxggwhgw thlngs interact in our ‘environ-
menf. “\For this reason, it is difficult to realize substantial

immediate change in our present consumption, since many of our

d '\present decision makers were not afforded an opportunity to be

if,1nstructlonal_program._

involved- 1n a comprehen51ve 1nstructlonal program. - -]
i
- You, . as educators, have the unlque opportunity to help
instill conservation awareness’ in our society since you are "

. vyation A
involved with ouf most precious natural resource - our children.

- Given proper instruction, these children will mature to: be the
energy-conscious dec1510n makers of tomorrow.

~ hd

Conservatlon_cancepts such as tho s2 presented in thls Six-
volume Engﬂgy,Curriguium Guide will better equip.children to
include conservation as: part of their daily lives. - This can -
only-happen if we begin to inform children in our public and ' ]
privaté schools by making energy conservation aS*lntegral part
of the total currlculum . . : .
. . : . o
Although thesé curriculum do not provide all the answers
to the complex problems of, energy, they do provkge an excellent
format from which to launch a COnservatlon awareness program.
We hope you will include the cu¥ricdulumas part qg_zgpr total

a
~

a . Thank 'you for your cooperation. ~ ;

N E | . Sincerely youns,' - o e
B 4 ‘ | , . 2 Xb
) E : , . { .

ERNEST. P. KLENE
Chairméan
" Governor's Energy‘ Council
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To the Teacher: o5

.

- As'the c{u:vrgy problem becomes increasingly important, it is critical that children and Adults
“"alike have a greater.appreciation for the complexities involved in living in an energy-poor world.
The social, technological, economic. and environmental aspects will all be necessary considerations
in understanding and implementing.-an ¢nergy conservation cthic. T, o
This guide is intended to help teachers plan an instructional program dealin} with several
aspects of the energy problem. The six modules can be used in their totality to provide a complete’
- study. or can be--used singly to enhance an ongoing program. ‘As the topic is multi-disciplinary,
the material_can be inserted into many different arcas of study. Within a given modyle. the
infonn_anejgf}xd_ncﬁxiﬂes_can_be_uscdm, presented, rearranged, added to. or deleted to fit your
specific programm
. While many of the activity pages can be reproduced for student use. the background
information was ‘written for vou the teacher. and thus mgay not be on an appropriate reading
level for your students. A ’ -
This guide contains the following helps for the teacher: . ~
An outline of the cohtents of the modules. Each section of the modules contains background
information for your use followed by rclated activities for vour students. .
A bibliography of a wide variety of sources of more information.
Names and addresses of trade associations and government agencies to which you or your
students may write for more information. ° .
Energy sites to visit in Pennsylvania.
L 7. A list ofmultimedia materials and their sources.
\_._m&tude survey to help you measure change in student attitude as a result of their learning.

.-

igh the Gse of the modules and vour interest and enthusiasm, thelstudents should develop _
an appreciation Qf the encrgy problem as-well as a conservation ethic. Thi¢ is the goal of the
engrgy curriculuni. * . ‘

. i v
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Coal: - J

National Coal Association , -

: -, : :
. OTHER SOURCES OF INFORMATION ~

~

o~

P Attn,. Direcsor of Educational Services . . '.

1130 Seventeenth St., NW

Washmgton DC 20036

Electncny

‘Edison Eectric Institute - - L ' o

. Attn:. Public Relatlons Dept. : 5 .

~90 Park Ave.
New York, NY 10016

Natural Gas:

" American Gas Association . - - B :.,1' : -

1515 -Wilson Blvd.
Arlington, VA 22209

g Nuclesr Power:

. " - “
- . )

-Atomic Industna]'Forum "\ o U.S. Nuclear Regu.latory Commission

Attn:* Public Rela'tlons Dept.

210! Wisconsin Ave.
Bethesda, MD- 20014

~ = Oif or Gasoline: . . :
American fetroleum Inshtute T > National Petroleum Council
Attn: In Ormatlon Service Dept. '

2101 L St., A
Washington, 20037

1 En opics:

“Attn: Public “Affars Dept.
- Bcthesda, MD 20014 :

’

- N >

- “Attn: Director of Information
- 1625 K St., NW, Suite 601
Washington, DC 20006

I3

s

‘U.S."Energy eséarch and Development Admin. ' Federal Energy Adnfinistration

_Attn: Publi¢ Affaips Office -

AWashmgt Y, DG

A

Office of Energy Conservation
12th and Pennsylvania Ave., NW - |
W:shington, DC 20461

Consumer Informatzon
Public Documents 'Dlstnbutlon Center
Pueblo CO 81009 -
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ENERGY SITES TO. VISIT IN PENNSYLVANIA. -

Limerick Generating Station ) .
Linﬁeld, PA : . T

_ N The information .center is open. Wednesday through Sunday ° :fhd hohdays from lO am- to

4 pm. It is closed on Christmas and New Year's Day. v
The Limerick Gengrating Station, which is being built by&he Philadelphia Electric. Company, -

- will have two boiling water reactors. At the mformanon center on-the construction site, there

_are exhibits on atomic energy, electricity, and energy. A scale model of the ‘Limerick Generaung

* Station and animated exhibits_about its qgerauon are also provided. . - A
To arrange for group tours and specz@%rograms, or to obtain addmonal mformat:on please L \ )

contact: J R

S Phﬂadelpl'ua Electnc ‘(;ompany : . .

( v Limerick Atomic Information Center = L

: A 198 Longview Road . - R BER
. - ) Linfield, PA 19468 -t o -

> A}

\ : : N S
Peach' Bottom Atomic Power Station;, - - o ’ ' - AN
Delta, PA ~ . e — | , A
. The infoérmation center is open Wednesday throwgh Sunday and hohdays from lO am to ,
4 pm. It is closed on. Christmas ‘and New Year's Day. C
Peach Bottom Atomic Power Station,. with two boiling-water reactoxs in operauon, isone
of the largest muclear generating units in fthe word. In thezinformation center are exhibits on . .
electricity, nuclear power, and energy. After a tour of the exhibit area, visitors may hear lectures .
and watch demonstrations and films in the auditorium. 4 e T
Planned programs for groups can be scheduled. For addmonal mfo:matlon please contact =1

' \ * ' : Philadelphia Electric Company. = . ’ o :
- Atomic Information Center» A ' . x .
- " Delta R.D. #1 : ' co.s
- Peach Bottom, PA 17563 ' . L

Muddy Run Pumped-Storage Hydroelectric Plant .o ‘_'\ B -z
Drumore, PA ' \ ' REERNE W
The Muddy Run P]ant is operated in cooperauon with the Conowmgo Hydroelectnc Station. = . . )
Water is drawn from a reservoir above the powerhouse to generate electricity at times of peak
demand, and water js-pumped up into the reservoir at times of low demand. A 100-acré recreational .
4 lake was developed at the reservoir, with camping, fishing, boating, and picnicking facilities. ot
For addxtonal mformanon please gontact: ‘ .

Philadelphia’ Electric Company
T Community Relations Department

2301 Market Street

Philadelphia, PA 19101 .

Tk~ ) 5
-
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~ the derrick and gngmehouse a museum, and a park with picnic area mark®

3’ A * . ‘ <
N

I

,;'"Seldom\SeerL Valley Coal Mine < B _ > - S -~

St. Boniface, PA- P . 3 ’

="

. ~

The mine is open daily from 9 am to 8 pm from April 15 to Labor Day. It is opén only

on weekends from Labor Day to dctober 31.

Visitors may ride 2200 feet into the rrune‘ Exhrblts show many mining details. 'I’here is
a museum at the main portal. Spetial group tours may.: be an'anged .

For additional information, please contact” ’ -4
T .« o Selgiom Seen Valley Coal Mine )
e , - . St. Boniface, PA 16675
. » o ’ - ‘ ~ -
.- “TourEd Mine - . . - E A .
Tarentum, PA - C - ¢ ‘ . ,

rv -

The- mine is open daily from 1 pm to 5:30 pm from Mémorial Day to Labor Day: Dunng
May %d September it is opefl only on Saturday and Sunday from 1 pm to 5:30 pm,

e visitor views display areas a half-mile underground, showing various machines.and mining

methods of the past and present. The Tour-Ed Mine display was created from a worked-out section”

of an operatmg coal mine. For addmonal mformatron pleag contact - SR SR
. R o } B »
‘_—\ - Tour-Ed Mine - ] - “4o

( . RD. 2 . ’ . o

7 - .. Tarentum, PA 15084 o ‘ L '

Drake Well -Park and Museum . . ( , -

Titusville, PA . ) . _

&

“The park and museum are open Tuesday through Saturday from 10: 30 am to 4'3Q pm;

©on Sundays -from 1 pm to 4:30 pmr. They are closed on mgjor holidays and'election days.

The Drake wg];l was the world's first commercial oil’ well. Today, an o;talfatmg replica: of
site of this oil
well. The museum contams working-models, dioramas, an electric map, and complete audjovisual
facilities, along, Wlth 4 research hlbrary on the beginnings of the oil mdustry
For further mformanon, please contact:

: A Drake Well Museum
— S R.D. 3
. Titusville, PA 16354

I



"MODERN TALKING PICTURE SERVICE. INC.

" MULTIMEDIA MATERIALS

Exxon Film Library 3 - -

2323 New Hyde Park Road -° ~ S : o
New Hyde Park, NY 22040 bt <
4
Three E's (Energy, Econonucs\and the Environment) ;o #04900

-
* A

‘.28 mmutes, 16mm color, high school to adult, ava1lable ‘with teachers guide.

This film describes the complex relationship between energy, economics and ‘the environment.
It shows how the ,three E's are interdependent, relates the problems that have arisen in each
area, and "offerd-some solutions by experts in.a.number of areas. This film confronts the viewer -
with a basic question: How ’x;mch is each of us wﬂhng to sacnﬁce in order to solve the problem?

« A Faniy Thmg Happened On- The Way To The Gas Statlon, #04903

28 minutes, 16mm color elementary to junior hlgh school through adults avaﬂable with teachers
guide and classroom posters .
This is the story of a 13-year old boy s remarkable Journey as he follows the makmg of ..
gasohne from a producing well in Texas to a service station in New Jersey. By means of a fantasy
journey, the? ‘boy visits an actual oil production site, rides aboard an oil tanker, visits a modemn
reﬁnery and"an oil marketing terminal as he leamns in entertammg fashlon the many steps mvolved
in producmg a gallon of gasoline. ~ 5
Faces of Energy .o . . T S #04906 -

28 minutes, (J6mm color .high school through adult. - R
This” magmﬁoent documentary tells the story of the petroleum mdustry through a senes: .
of incividual portraits of people at work in its v"'anous functions. The story was filmed -in"the ™
Atlantic with an exploration ship, along the Alaskan pipeline, ©offshore‘in the Gulf -of Mexico
on an oil platform, aboard a tanker moving along the lower Mrssmmppl River, in a Cahforma
reﬁnery, and at a lobster-loadmg dock in Beals Island, Maine. ] , , Y

\

 World Bemrhe Sea, ' T L . #04904

28 mmutes, 16mm color, high schoo] through adult. :
The  relentless search for.oil and gas off the coasts of the United States is descnbed’

this film. World Beneath the Sez tells how offshore drilling developed through the years and

"~ shows the various types of platforms used today The.film explains and shows the devices used

by the industry for safety and environmental protection. It also ‘deals with the onshore side of
"= offshére development. _ _ _

A
d

Refinery, L - #4879

16 mmutes 16mm color high school to adult, avaﬂable with a’ teachers guide.

The amazing process of converting crude oil into everyday consumer products, such as gasoline
and home heating oil, is shown in this film. Though the steps are complex, this film explains
clearly and simply through animation and live action footage how the crude 011 is turned mtot P
numerous useful products to serve mankind. .



Nuclear Energy: P ower For Today and Tomorrow, = ‘ #4884 - o
28 minutes, 16mm color, Iﬁgh school to adult, available w1th teacher's guide. ' o
-Nuclear energy will play an inepéasingly important role in. the years ahead in helping America
'\ meet.its expafiding energy needs. This film describes Exxon’s part in the search for, mining,
milling and fabrication of nuclear fuel for power generation.

h J
.

A World of Energy, A Dresser Industries, Ih,g. _:'ProduTction: . : - #30707

- 29 minutes, 16mm véﬁr, junior high to adult. o : '. : )
. This important film -focuses on today's' most crifical, problem: How and where will get
enough energy to rheeh our needs while protecting our environment? And what will it cost? An
up-to-date analysis of the development and use of today's energy sources is shown, as well as
an examination of new forms of energy being researched. This provocative ﬁlm-will%tirqulate '
- viewers to make their own conclusions for the challenge ahead. - P

|
/

The New Jet Set, a General Motors Corporatioﬁ'f’roducﬁon

5

| #30364

15 minutes, 16émm color, 9th grade and higher. . | | .
- The turbine engine is increasingly important as ‘we seek efficient sources of energy. This

~ 1 ® film shows a variety of gas turbine engines at work....in the air, .on..the ground, and in the sea.
" There are also behind-the-scenes visits at the factory where turbines are made. Free printed teaching
materials provided with this film. ‘ ' . L - - % '

R Energy vs. Ecology......The Great Debate, an AHis:Chahner;S» - - "
" 7 Corporation Production - : - #30031

27 1/2 minutés, 16mm color, 9th grade and higher . . 3 i
Coal is the most abundant source of energy in this country. This film indicates how we
_ utilize this valuable source without disrupting our environment. It illustrates the su&'fgce mining -
"~ ¢ of thousands of acres of land and shows how that same land is then restored to usable productivity
3\' and ecologically sound  conditions. ' -

Stru_égle For Power, a Catérpilie‘t Tractor Company Production = - i #30573
28 minutes, 16mm color, ﬁmior high school to a@Mt. . :

This film's objective is to show how coal can ‘do the most to solve the energy crunch.....how
it can and must be utilized in the future, due to its abundance, versatility and inexpensiveness.
Pennzoil and The Energy Crisis, Pennzoil Company _\ I "%30371

37 minutes, 16mm color, junior high school to adult. .~ | :
; This film"is a candid discussion of the energy shoftage in America....the causes, effects,

policies, controve_rsies} misconceptions, truths, and- myth§ involved.

~One Hoe For Kalabo, a National Machine Tool Builderf) Association °
“¢ Production . - - - #4663
27 minutes, 16mm color, junior high school to adult. : ("’
From United States industrial plant to African Village....the story. of-how machine tools
have given dignity and power to human labor and world civilization. . .

¢ ‘

10 .




PENNSYLVANIA POWER AND LIGHT COMPANY -

P
3

Information Center C 1 .
‘Two North Ninth Street T . o o
Allentown, PA 18101 : - Lo~ . L

’A is for Atom | ' . - o '{-

Val
F
\

15 mmutes l&mm color.
Through the use of lively ammatlon, facts about the atom are presented in easﬂ);}mderstood
terms. Explains the electrical forces which hold the atom together, discusses radioactivity,.and
shows the uses of particle accelerators. Shows nuclear applications in space, agriculture, medlcme
mdustry, and many research areas as well as in our daily lives. - - /

Nudw Power and the E‘nvrr:r}n}ment

’
S

15 minutes, 16mm color. - * = = - o

Tells how our nation's everexpanding need for electncal power cain be balanced with the
need to preserve and protect bur environment. Explains the/ reasons “why nuclear electrical
generation will be needed in the future, and how it can be done w1thout Jeopardazmg the natural
environment. < =

- g

l
; .
Y

The Mrghty Atom

17 minutes, 16mm color. . ' L
-Reddy Kilowatt presents this, ammated story of electncrty thh humor and audrence appeal
He takes.the audience from the discovery of electricity in 600 B.C., through Edison's mventlons,

up to atormc energy used today in generatmg- electric ‘power.

The Petrified River

“ L & -

25 minutes, 16mm color. - o ) .
Scenically portrays the search for uranium, howoneprospects for it with pick and Geiger

counter, how~it is mined and how it is sised in medicine, manufacturing, and for other peaceful

purposes An animated sequence shows how an atomic power station works

Now That The Dmosaurs Are Gone

2.7

~28 minutes, 16mm color. -
S . Explains the necessity of nuclear poWer at a time when the fossrl fuel 51tuat10n is

unpre\‘dictable Gives a synopsis of nuclear power and how it works.

Eectflaty ' . s . » -

: ' -
Rl

13 minutes, 16mm color .

~ Live  action, animated dragrams working models and phé)graphs of actual application are @
combined with original music to answer three -basic questlons\a\bout electnc1ty Where does it «
come from" How does 1t work? How does it get to me?

12

-

Not EnoughPower L SRR ' 7 ;

¢

17 minutes, 16mm color.
‘Shows what, life today would- be like without electricity or vnth its use highly restricted -
A happened d®hag a coal strike in Britian in 1972

g

tr



e

.

<

Energy: - Less.Is More y |

18 minutes, 16mm-color. .. _ ) e
[Mustrates the necessary changes our transportation system, should undergo to move people
.and cargo more efficiently,and the need to design buildings that -are more efﬁcient in_their use

. of energy. . Voo
The.Eager Minds P . . ~
L S . RN o _ - J »
27 minutes, 16mm color.” ) o - .
' _Relates the-stor_y.»of 'electxicfty....its past, present and future.” L
The Energy .Chailenge _ S ) v ’ o

25 minutes, 16mm color. . : ‘ : :
- Provides a_concise, up-to-date and penetrating study of the endlesg.'search-?r new and

abundant sources of energy.” . / . _ R e
" The Great Search -~ ‘ R -
- i N e - i . 5 ' .' Il i *é \ -- . ) _:V .->
‘13 'minfites, 16mm color, - o v ' -

~ ¢ This Walt Disney - ahimation depicts the story-of the: diécc?w'//ery', \dev’efopiﬁent and apbh\cafﬁon"

of the major sources of energy. . : ;
- . - r— . - --&_ .l
. Eléctricity - The Way It Works \ P o
16 nﬁﬁutes, 16mm color. | L , -
Explains where electricity comes from....what it is.....how -it is produced and
transmitted.....and what are America's future needs and sources. S
To Be Continued ‘ - . . ' ? _ .
. e : o J v
‘28 minutes, 16mm color. . - {‘ ' ,
~;Explains the conversion of primary. energy to electric ene and its delivery to the public.

*

Shows the latest advances in electric production that keep the ‘cost low and efficiency high.
What Time Is The Power On Today? : x
28. minutes, 16mm color. ’ . , o n

Schedujed electric power only & few hours a day.... jobs gone, food scarce, hand-operated
gas pumps, manual traffic signals, ice men, washboards, schools closed. At 10:30 am, the city's
power is shut off until 4:30 pm. At 11 pm it will be.shut off again until 8 am. Who is responsible

. for-this catastrophe? Why\dlg it happen? What can b&' done o get the power back? In the presence
.of the press-and live TV cOverage a special commission, ’dﬁ_termined to fix the blame and get

to the bottom of.it, cross-examines witnesses. . s
¥ .

When the Circuit Breaks: America’s Energy Cricis - FEA Production .

s

28 -minutes, .16mm color. : ' R
. Shows how America's energy crisis happened and whiat possibilities the future holds. Examines
some solutions available through development of toal, oil, natural gas, nuclear, geothermal and
solar eneggy sources. Stresses importance of conserving energy at home, in transportation, business
and industry. _ e - o

X

‘>



You Are There : L

) utes,. 16mm black and whlte P
Deplcts the exciting moments around the successful experiments of the incandescent lamp
bulb by Thomas Edison in 1879. Portrays the long, m'mg hours spent by Edison and his associates
& they' watched and hoped that each test they made would be -the successful one.

-+

/’ INTERMEDIATE UNIT lNSTRUCTIONA].T‘MATERIALS CENTER . o
. Several -located in Pennsylvama. Contact nearest ofﬁce ) S

These cénters might have.in their film library an,eicellent series of films produced on the

. subject of energy and energy conservation for classroom use in Jl(uor high through adult levels
This.provocative film’ series, produced by A Churclnll Film, 662 North Robertson Boulevard,

Los Angeles, CA 90069 in cdoperation with Environmental Quality Laboratory, California Institute’

* of Technology, Pasadena, CA, explores various aspects and alternatives in helping tb solve the
N senergy problem. Tlus ﬁlm series mcludes the following ﬁlm txtles _
” -_ Ener%y The Dllemma _ L ﬁ T - W e . J
<« . Ene 4The -Nuclear Alternative -~ - : . e
_\- ) Enerrg\New Sources - S L ' o ) ‘a
CL Energy Iess Is More (conservanon) . { L. _ﬁ S L

i o \
qEnergy The Dilemma o e y

20 mmutes 16mm color ' A . A
Subject Areas: Social studies, contemporary problems I ' '

This film surveys our dramatic increase in the use of energy. Examines the North American.
and world supply of oil and gas, the increased cost, difficulties and environmental hazards of
obtaining them, and the fact that readrl—y/&f{i'n\ble domestic sources will be used up .within
‘a few decades. Considers the problems of obtaining. oil from shale. A major section deals with
the supply of coal and the environmental consequences of full exploitation of our #estern deposits.
The slow development of. nuclear energy and its attendant difficulties are examined. The dilemma
is} ‘that we are trying to supply increasing amounts of energy from dwmdlmg supplies in ways
that are increasingly costly, hazardous and damaging. '

- Energy The Nuclear Alternatrve

' 20 mrnutes 16mm color.
Subject Areas: Social studies .
. The film deals with the nuclear power program 3as a controversy, “with concemed scientists
) and citizens engaged against the utilities, industry, and government agencies.

' There is a brief survey of the nuclear plant building program and an explanation of how
"areactor powers a turbogenerator to make electricity. Thereafter the film explores operational
problems and hazards,” (1) at the reactor, where a malfunction of the emergency core cooling
system coulcb cause a melt-down, and where accidents could result from sabotage, war, natural
_disasters and human error; (2) during transportation of radioactive mraterials to reprocessing plants .
is to dispose of it in such a way that plutonium is kept out of the biosphere for 500,000 years.

The debate centers on how safé are the safeguards, whether we can find solutions to certain .
as yet unsotved problems, and whether we sho oragtorium.

a.
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Energy: New Sources . : : . .

. : 7. /
20 minutes, 16mm color. _ . . ’
Subject Areas: Social studies, contemporary problems. °. . ' -

" This film surveys brefly some of the petential sources of energy, which have not received

much attention: wind, tides, bumning of trash, methane from trash or animal wastes, and thermal
gradients in the oceans. The jbody of the film deals with geothermal, fusion and sélar energy.”
The possibilities’ of sotar cells/ solar panels for hot ‘water and temperature control of buildings,
and solar heat for generation of electricity are considefed. Discussed also is the national policy

which has led.to neglect of’these sources in favor, gﬁ‘mucle_axj energy. ) )

&)

r'd Bt
Energy: Less Is More : ‘ . - '
. ' L . : X . *s . L R L2 )
18 minytes, ¥6mm _color. | Fhd o T . e T _ )
" Subject Areas: Social studies, contemporary problems: = - ’ .

Considering the c_le\’éloping shortages of fossil /fuels and the problems with other energy
» soyrces, ye are, faced with the peed to cut baek in areas of major energy use. Four pgincipal -
are4s are discussed: transportation, buildings, appliances, waste. S - .
. ) ‘,ﬁ'ltematives*t’g the way we use autdinobiles; the worst fuel waster, 4re probed. Ways to :
% 't make oling, heating and lighting of buildings more efﬁqi_exg:_/are shown. The ‘need .fot more - A

. o ef] ient~design’ of appliances- is noted.. Our throw-gway- socety -which encouragés urmeéded’

kaging; |disposable containers, and builtin obsolesenze ¥ discussed.

ilaple Intermediate Unit Instructional MateﬁaE‘Center Films:, ; . -

- Energy R ' oL e
.2~ Intermediate and junior high level B : : - | .
7 This film presents ap artistic analysis of a dynamic concept. Examines the interactians between .
various forms of matter and energy in physical “processes. Treats in a loose historical fashion /
how people gradually related phenomenons such as gravity, heat, electricity, magnetism, and e

radioactivity under a single idea of growing complexity.- ‘ _ e

M R - . ' - . A
' . i - ‘ . Y (
Fnergy to lBum ] - / 4 N

; Junior high school to senior high school. ;- :

v This film notes. that ‘making and storing energy has gone on for hundreds of millions of
years. Traces various energy conversions. Contrasts the use of energy by agricultural societies
v5.. industrialized. societies. Questions what we_will do when the oil and gas run out. It offers
suggestions for new technological .development but shows that each new development seeqs
to involve additional problems. - : - '

CONSOLIDATION COAL COMPANY ‘ | | -
/" One Qliver Plaza . - - .
Pittsburgh, PA 15222 S ‘
. . Ly N
The following films are offered for free loan. = - VR N
~ - I
} 3 R . .
, ’ _ ] ” .
<
14




Proﬁle of a Modem Mmmg Company

2 mutes ' : -
Complete story of coal, from where it is located, rrumng\methods and\on through land
reclamatlon . e : o

Evalution of Pollution . . IR P "’ - ~
28mmutes . . o .
Cartoon story of pollu'aon and how it came about. e, = 7 - L

- A | A
Rebirth of the Land~The Dent’s Run Project ' '

2

-7
Y

27_minute R R . .
T Envuon ental clean-up of a 14 square mile area m- Wesf/\fﬂnia N ’\

L

l-‘x"

g

ASSGGIAT’IONSERLING |

‘%, :

- / °

Energy vs. Ecology—The Grmt Debate : ?. o b )
¥l N
28 minutes - - : A - R ‘ .
Surface mining of coal and reclamauon and how it ﬁts mto the ovenall energy plcture
N e~ . . T, . A P -
“An American Asset. - A ) . 4 i
28 mmutes g ‘ , .
~ Coal® rmmng techmques and overall- uses. S ' ) {
" North Dakota—Tﬁe Land of Two Harv‘!sts
8 minutes - o
Western reclamation . > -

AMERICAN GAS SOCIATION
Film Service Li
1515 Wilson Boulevard
Arlington, VA 22209 j
Clean Energy for ’I‘oday and Tomorrow /

O~

- 27 minutes, color film, 1975. : - F
Hosted by Hugh Downs. Tells the role of natural gas and expenments for new sources of

CREIgY. . . o . _
- : : . EEY

Energy \ RN
20/mmutes cofo|> Ailm; 1972. .

Traces energy/ sources Fg\xy;&ie first fires to fossil fuel tdf%tomic energy. Outlines problems

and offers solutions.
: S

S

325 Delaware Avenue
Oakmont PA 15139

LB



‘ Gas 'frem .Nava_‘io' Coal

22 minutes;, "t?olor. .
Coal gasification and solving pollution problems.

. King Zog and the Energy Crunch

=

19 mmutes color Jumor high_up.
ng kept palace” ‘comfortable and conserved energy. How he did it.

INSTITUTE OF SCRAP IRON AND STEEL,,INC

1719 H Street, W s )

Wahmgton ‘DC 20006 L S 3 .
The Endless Sehrch > T ! |
28 mi'nute'f/‘ﬂm, color. =~ : : . o ’ I
It’s'Oiu' (i’hoice‘ ._ : : '. o v N |
11 minutes, sound~shde “ﬁlfn, color, 33 1/3 record = B .

Mad\iILLAN LIBRARY SERVICES
202B Brown Street F
Riverside, NJ 08075 A

=T
pY.

'Energy and the Environment: How to_ hve on the Earth a Long Time Without Usmg It All

Up.

Four color sound ﬁlmstnps 12-15 minutes each available with-records or cassettes.32-page.

illustrated teacher's manual and study pnnts Complete set about $80.
Created for upper elementary arnd junior high students. JExplams such concepts as energy
waste, new sources of energy,.and \(ays of reducing the energy drain.

MICHIGAN STATE UNIVERSITY
.” Instructional Media Center
Off campus scheduling
East Lansing, MI 48824

Energy and All That
30 minutes, 1973.
Problems of crisis. Narrated by laymen and -oil personnel. Tells how to educate people to .

economize.

PENNSYLVNAIA DEP ARTMENT OF EDUCATION

' Environmental Education Films .
Box 911 )
Harrisburg, PA 17126 - ' .

Helios

Color. . 'y ~

Focuses on the sun as. the pnme source of energy Examines’ problems associated with’
increased use and limited supplies of our main fuel sources of energy. Presents information on
the prospects for our meeting energy needs in the future. .

16 *
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Investigating Heat Loss. _ N

20 mmute color TV “tape. Send blank TV tape cassette to PDE’ Who will tape the lesson free
upon request.

Following a view and discussion of a number of ways in which energy is used, a dxagram
of a house and.a home heating system are shown to illustrate heat loss 1n a home and ways

in wl‘uch insulation can cut down on this loss of heat@) - -
A re——
NATIONAL ASSOCIATION OF RECYCLING ’VIATERIALS INC. s
-Attn: Filmstrip Distribution
-t 33 Madison Ave., . .o , o
- New York, NY 10017 - . T LT
. \ Recyclihg “Resources :
13 mmut&s filmstrip R . o -
' NEW JERSEY STATE MUSEUM |
- Film Loan  Service A

Trenton, NJ 08625 ‘ -

Time to Live

KN

e . . o ‘ 2
29 minutes, color. ) " :
Human -progress is dependent on production and utlhzatlon of cheap, versatﬂe sources of
energy; some sources of &nergy that meet the criteria are discussed.

17 -
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ATTITUDE SURVEY ~ . -

The following attitude survey can be used to determine any difference in student attitude
that might occur as a result of this curriculum. ' -

The accompanying answer key indicates the most positive.response to each question in terms -

of energy conservation. The most positive response in each case' is to be scored 5, while all other
responses are to be scored in a diminishing order from 5. S '

For example: Questions 1, 2 and 3: The E response should be scored 5, D.response scored
4, C response scored 3, B response scored 2, and the A response scoréd 1.

Question 4: The most positive response was. A, which should be scored 5, B response ‘should

., be scored 4, C response scored' 3, D response’ scored 2, and the E response scored 1.
Most Positive Responses

13.
14.
15.
- 16.
17
©oas.
a9
20.
4%.
2.
23.
24.
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The; surv_cg‘is given on the following pages so that it can. be copied directly.
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. 1
"Attitudes Toward Energy Conservation
, _ L )

The purpose of this survey'is to determine how you feel about energy conservation: Because
this measures how you feel, there are no right or wrong answers. Read each statemerit carefully
and record your feelings about what the statement says by placing an "X" on the scale, and
by recording the letter ‘of your choice in the space to the left, as shown in the example

Example: ' o

~ ‘ : R ] '% . -
B 1. Most students like chocolate candy.
— ) x .

Strongly =~ - . o , -\ Strongly
Agree ‘Agree Neutral Disagree ' ‘Disagree
A B -~ CcC D . E

-

- Since the person’ answenng this question agreed that most students hke chocoIate he/she

placed an "X" above "Agree" or the scale, -and recorded the letter B assigned to Agree" in ‘

the space to the Ieft of the item number .

LY
T
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. ' Strongly
Neutral Disagree - " Disagree
c -/ "D T E
The automobile is an efficient means of transpertation.
Strongly, — "Si;rdngly
Agree Agree - Neutral Disagree Disagree
© A S B c D . - E

Rationing of gasoline “is the best way to solve the inergy crisis.
. . : . AN y

s, e -
Strongly e _ - . _ Strongly
Agree - Agree ‘ Neutral , Disagree Disagree
."The 55 mph speed limit is- an efficient means of fuel conservation.
Strongly » . Strongly
Agree Agree Neutral - + Disagree Disagree
A . B C D E
bnly the government can solve the energy problgm. - v
‘Strongly - : - Strongly-
" Agree Agree Neutral ' Disagree ~  Disagree
‘A - B ¢ . - D . E
Big business created the’ energy scare-in order to raise. prices.

Strongly o Strongly
Agree Agree Neutral Disagree Disagree
A - B ¢ p ' S E

All citizens should be willing to make -sacrifices to.cons_erve: energy.

- Strongly _ _ . _ N - Strongly

Agree . Agree Neutral Disagree Disagree
A - B  c b E

Even though coal contributes to air pollutio\kit)hxuld be used to pfoduce )
energy. N o

< -

- Strongly _ . ’ : Strongly
Agree ' Agree Neutral Disagree Disagree
A B c D - E

\ R .

S

A



9. Oil is ‘such a valuable source of petrochenuca]s that it is too precious to be
bumed ‘as fuel _ .

i Sf‘rongly . R L T L ‘Strongly
_ Agree . Agree Neutral Disagree _Disagree
. A B ¢  _p . E

10. 'Means of mass transportatxon should be developed to save fuel.

Strongly 4 g : Lo '- SN _~Str0ngly’

Agree - Agree _ - Neutral - Disagree. ___ Disagree
} ‘ J - - N -
A B * c N . D o E

11. The -energy crisis is over.

~ *Strongly - ) | ; . | Strongly

Agree _ Agree " Neutral Disagree - Dlsag;ee

‘ 12. Oil compames are not really concerned W1th WayS to find new sources of oil
to solve the energy 51tuat10n _ ) .

Strongly | - o n ) < . Strongly

Agree Agree’ - Neutral - Disagree . . Disagree

ol

A . B c D

1.3. We will soen run out of oil

5 AR
" Strongly : ' - ) Strongly. -
Agree Agree ~ Neutral Disagree ~___ Disagree* -
e ' ' |
A B T D & E

14. To save energy we should not permlt night sports evenis

Strongly | *  Strongly
Agree A@'e _ NetitraI- ' Disagree ~ ~_ Disagree-
A 'B . C D R
15. To save energy all shopping ceriters should close at sundown. -
Strongly ' : Strongly
Agree Agree - Neutral Disagree Disagree
- v -

A B . C L E

L)
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16. The automobile is a very inefficient source of energy.

;s -

i

a
: . v
Strongly . ' ‘ Strongly,
Agree - Agree Neutral Disagree + Disagree
A B C D E

Lo

17. Industry should be required to cut back on energy before the general public. |

-

Strongly . . Strongly e«
Agree - Agree Neutral Disagree _ Disagree - _
A g."B c D E

18. The life style in the Umted States is related to the amount of energy we use.

Strongly : Strongly
© Agree - Agree Neutral Disagree Disagree
A B c D E
19. We should not depend on foreign nations for energy. -
Strongly - . Strongly
Agree Agree ~Neutral Disagree Disagree
A B c . D B

20. We should launch national programs to find new types of energy sources.

'

Strongly : ‘ : : Stroh_g_ly
Agréq Agtee Neutral Disagree Disagree
A : - B ' c - - D E
21. Nuclear reaétors are safe sources -of energy. ‘ . -
Strongly : T i Strongly
- Agree A_gree Neutral Disagree Disagree
A . B c . b T E
022, Alrhnes s?ould reduce the number of fhghts to conserve energy.
i ngly ' | Strongly
Agree - Agree _Neutral - Disagree Disagree
T A B c D E
- ‘ - ~ / X : . - - fa -
een L . - 22 AT NG



23. The energy sources we gow have available areall that we really need.

24.

_ Strongly - : . wr . . Strongly
. Agree Agrge Neutral . Disagree Disagree
A Q_/ T C D E

‘The government should stay :out of the energy market; -

Strongly | . . Strongly
Agree Agree . Neutra] Disagree Disagree
A B C D E

v,
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DEFINITION OF ENERGY *

Before people can rélly understand the energy'

. problems facing the wosld today, they need to know what
energy is, how it is measured and du.nge

d, how it affects
our lives, and how it “disappears™.

In this first module, we will present such background
material, in the hope that any further study of energy
problems will be more meaningful.

The\word “energy” can have a number of meanmgs
Ir this text, we will define it as scientists and engineers do:

energy is the ability to do work. The word “work” in this.

definition also has a special meaning: ‘it refers to the

movement of matter from one point to another. For

example, we do work when we push or pull an object for
some. distance, and energy is the ability to do this work.

Energy can appear in different forms. One of the ~

produced when' objects are moving. Other common forms
are radiant, energy, chemical energy, and electrical energy.
We wﬂl at greater length about these different forms of

" energy in later sections of this saodule. We will also discuss

most familiar is mechanical energy - that' which is. -

how the various forms of energy ‘can be changed from one -

. ‘form into another.

.Throughout history, people have developed sources -

of energy to work for them. Primitive humans had only the

- strength of their bodies, and later the use of fire. People

tamed ‘animals to work for them. They used the energy of

- wind to move sailing vessels, and the energy of water to

turn mills. With the invention of the steam engine, steam

- could be used to run machines. The discovery of electricity

created another important way of using energy. So did the
invention of the gasoline engine. A new era in the use of

" energy was entered with the application of nuclear energy.
" -Most of the energy we use comes directly or

indirectly from the sun. For example, when the radiant
energy of the sun falls on the earth, it is changed to.heat
energy, warning the earth. When the sunlight falls on the
leavesof plants, it is changed into chemical energy, enabling

" - the plants to make foad for animal consumption, and wood

© Activity I-1

EKC |

wll Toxt Provided by ERIC

Objectives: - e e

which we canr burn to work for us. Other plants have been

" stored under the surface of the earth, where they have
undergone chemical changes into coal, oil, and gas. These
. are called the fossil fuels, and they are presently our major

source of energy. . .

*

"The student will develop a definition of energy based
on how energy wds used in the past ang based on the

. student’s own personal experience with energy.

The " student will demonstxate an understanding of

 what energy is.

The student will modify the ogiginal definition to

. include ideas demonstrated by the teacher and other
. members of the class. .
The student will arkive at an understandmg of energy

based on motion and work concepts

5

T2

~What to do? L .

A. What is energy? Have students define energy in terms’
of how they as individuals look at energy in the way
it was wused ‘in the past. Use transparencies

prepared from included sketches in this section for .

“consideration by the class. What ideas about energy
does each picture suggest? : e

early caverman

early colonial miller

early sailor '

Indian starting a fire usmg the fnctlon heat
from a turning stick

5. Conestoga Wagon and horse team

6. railroad steam engine

7. early xylophone player

8

9

Call ol Sl

. nuclear powered submarine
. "Franklin’s kite experiment
early colonial blacksmith
11. ‘potato farmer

12. automobile driver .

13. boydrinking water

14. camera used in taking a picture

15. early man using fire and rock with lever to hunt .

an animal.

B. In hght ‘of the illustrations and the student

descnptxons ‘of energy, what does energy mean to

you?

* C. - Have each student demonstrate what energy is,using

' present day ideas and activities. Encourage:students -

to use their imagination in working ‘up a
demonstration for the class. In introducing this aspect

" of the activity, suggest that the students consider this
question: If you were to show someone what energy

: is, how would you do it?

D. ‘"How would you need to change your 1mt1al definition
of energy to include all the ideas about energy which
have been demonstrated by the class members and

. by the teacher?

E. Lead the student to an understanding that each
demonstration did not actually show what energy is,

~ but rather the effects of energy.

F.  What then is energy?

. Energy is deﬁned as szmply the ability to do
work.

- »
- <

Activity I-2

Objective: - :

Y

. The students . will recognize- “and  discuss; the L
 relationships “between common,

everyday obJects and
energy

What to do?

Develop a -surprise drawer or a grab bag by setting

aside a special place for keeping objects and pictures which

students bring to school. Request that these objects or
pictures relate to energy or natural resources. (Items such 2s
a piece of wood, a light bulb, a sample of trash, a

.miperal-bearing rock, a_gas tank-cap, a vial of moter oil,
- pictures of power plants, refineries, forests, coal mines.

0
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Invite the students to go to this drawer in small groups.
during free time or at other times when it does not interfere

with tlassroom activities. Encourage the students to
talk together about the items they find and write down
some of their findings and ideas. Compare these ideas with
those of other members of the class. ’

Teachers Notes:

~ Questions to consider . .
1. What kind of energy does each object contain or
suggest?

2. Isthisan object that you can do without?
3.  How many of these objects depend on fossil fuels,
.. animal power, or wind power in order to operate?
4. "What could you substitute for the object in order to
coriserve energy?
: ..
Activity -3 _
Objective: -
3

: RS
- The students will examine the economic factors and -
energy considerations for their community’s transportation

system. .
What to do?

Have ‘the students examine the community’s
transportation system. Ask: Where do people go and how
do they get there? How much does it cost (in terms of the
energy the vehicle uses)? How do we get the energy for the
transportation?

,Téacher Notes:

. Assign individuals or groups of students to investigate
one aspect of the transportation system. The results of
» this study could be ‘presented to the class a5 an oral
report. Perhpas a representative from the local municipal-
ity, such as a member of the planning commission,

could be brought to class to discuss transportation problems.
-What considerations are the local' government officials
giving to energy conservation in the transportation “plan
for the community? . -

Activity 14, -
RO S

Objective: .

~ The students 'will'aeveloﬁ criteria- for identifying
energy and for classifying their observations when per-
. forming several different tasks using energy. o

-

What to.do?

Begin the class discussion by having the class do a few

. . physical exercises. .Ask the students this question:” What.

is happening as we exercise?” Record these ideas on the

. é

A

blackboard. Next, turn on the record player; a fan, or other
electrical device that produces motion. Ask the students:
“What happens when I tum the switch on?” Tum on
a light bulb. Ask this question: *“What happens when I turn
on the light switch?” Finally, light a candle or bunsen
burner. “What is happening when the device is lighted?”
Bring a radiometer (providing one is available) close to a
burning candle. Ask students to observe the radiometer.
Record all observations and findings under the appropriate
heading: -

Activity

* Immediate source of energy
How tne energy is oeing used
_ Primary energy source ‘

Summari2e Dby asking the students if they are familiar with
the word energy. How can the student determine what kind
of energy is being used? Was energy being used in all the
activities performed? Formulate a description of energy
with each use of energy.

_: Teacher-Notes:

Motion, heat and light are forms of energy being
used. Perhaps you can lead into a discussion of how we’
know energy is being used in still other activities, such as a
car travelling at 30 mph, a hamburger cooking on a charcoal

- grll, or clothes being washed in a washing machine. In

What to do?

. these  examples, chemical energy, mechanical energy,

electrical energy, and heat energy are being used.

Activity I-5

Objective:

. “The student will identify the energy source of variots
devices- associated with heat, light and/or motion.

£

Divide the class into three groups and assign the topic -

" of Heat, Light -or. Motion to &gl\l group. Have them

brainstorm and list as many energy using devices as
possible under each topic. Make a summary chart. Identify
the immediate soucrce of energy for each device listed. This
information should be added to the blackboard chart. Have

. students identify the general characteristics of the source of
energy. ) .
Teacher Notes:
. As an example, the béginning of such a_chart may
appear like this: . ‘ =~
' describe
Motion energy user immediate source ~ energy source
moving antomobile driverand combustion of fossil fuels
passengers  gasoline formed from
being trans- plants which
ported existed a
long time
ago



Activity 1-6 : .
Objective: 2 '
The student will express the 'meaning of energy.

4

What to do?

Using any medium such as art, music, poetry, skit or
- others, express “‘Emergy, where are you?” .-

g
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KINETIC AND POTENTIAL ENERGY

We have previously stated that energy comes in many

forms. Two general categories of energy, encompassing -
all the various forms, are potential encrgy and kinetic
: :

energy. : . :
Energy that is stored is called potential energy. It is
energy that an object has because of its position or
condition. For example, a tightly stretched spring has
potential energy — it has the ability to do work if released.
A rock lying at the top of a hill also has potential energy —
it canl do work if allowed to roll down the hill. A pile of
coal has potential energy, since work can be done when the
coal is burned. A rifle that is loaded and ready to fire also
has potential energy.
On the other hand, the energy that an object has
because of its motion is called kinetic energy. If a stretched

spring is released, it has kinetic energy. A rock rofling
downhill also has kinetic energy.

Patential energy represents work that has alrcad)’

. been done. For example, suppose someone lifts a weight off

the ground. As.a result of this work, the weight possegst$
certain amount of potential energy. If the weight is allowed
to fall, its potential energy is changed into kinetic energy-
At the instant it strikes the ground,  its potential ener&
is gone. When it rests on the ground, the kinetic energy S
also gone, having been changed into some other forp ©f
energy, usually heat. (See Figures 1 and 2.
When a loaded rifle is fired, heat-and expanding ges -

_cause the bullet to have kinetic energy. When the buljet is

transferred to the target, its kinetic energy becomes peat -
energy, which is taken up by the target and the air.

f;_\/~

e

ENERGY CONVERSION - A FALLING BOOK
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Activity I-7°
Objecﬁves: ot e

The students will identify the production of kinetic
and potential energy related to the stretching and releasing
of a rubber band. ) . ,

The student will investigate the effect of varying the
amount of stretch of a rubber band with respect to the

- distancey traveled by a launched missile. . - .

N e

What to do?

The teacher will set up the following device: a rubber
band stretched with a clothespin attached. The rubber band
will be stretched and' released at various distarices to
observe the different distances the missile (clothespin) will
travel after being launched: St3p the rubber band at,
three inches, four inches-and five inches. Ask the students
whether the Tubber band has potential or kinetic energy.
If so, which form oOf energy increase -with- additional

+ stretching? What kind of energy does the rubber gand have
_ after it is released, sending the missile through the air? -
How did the rubber band get the potential energy?

Teacher Notes: - S

. stretching”® of .the rubber band will result in the missife
travelling a greater distance due to the increased stress in ..
the rubber band. The greater the amount of stretching, the
greater the amount of stored energy (potential) which is
available for doing work on the clothespin. The launching
of the clothespin demonstrates the production of kinetic
energy. This represénts the changing of potential energy
(caused by stretching) into kinetic energy (caused by
releasing of the rubber band and “the movement of the
clothespin). S :

Activity I-8.
. Objettive: . - _ S -

. The ‘student- will measure the force exerted in the

-stretching of a rubber band® and will investigate the

distribution of force between two scales used to make the
- measurement. )

What to do? ' - D

- Materials needed: 2 spring scales, rubber band -

. Hook two spring scales to the opposite ends of a
rubber band. Pull on each scale, stretching the rubber band
between the two scales. Observe the readings of each

- scale as you increase the pull on the rubber band.Ask
this 'question: “How did the reading on” the two scales
~ compare with each other as the rubber band was stretch-"-
ed?” Next, using the two scales, try to stietch the rubber _
Jband so that the (@3ding5'on the two scales differ
) Q 36
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" Objective: R

quite a bit. Can you doit?

Te;cher Notes:

"The stretching effect on the two scales will be such
that the total force will be distributed equally between the
two scales. In- other words, each scale will be observed as
having the same reading; and the sum of the two readings

represents the total force exerted or porential energy A

produced by the stretching. Further investigations by
the student to try to create a reading difference between

the two scales will reveal no further change in this observed
behavior. - o

Activity 19 ' -
~ Objective: .

The teacher will carefully heat water in a stop?:red
test tube to create movement of a cork.

The student will identify in this system the '

transformations between potential and kinetic energy. -
What to do?

Place about one inch (2.5 cm) of water in a

test.-tube Fit a cork stopper loosely in the mouth-

‘of the-tube. Hold the tube with the mouth pointing away

' ér'om -you and other persons in the room as you heat the

In the first part of this activity, the increased ! ~%2 '
' ' “-and steam, it will cause. pressure build-up. The stopper

ter over a bumer flame. When the water turns to vapor

will be driven out of the tube with a pop. What thing
or things were moved through a distance? What kind
of energy did these -moving things have? What caused
the steam to form? Explain all of your observations
in terms of kinetic and potential energy.

~-

M

Teacher Notes: . . - .

When the water in the test tube is heated, the steam
produces pressure: and increases- the potential energy
to do work on the.cork. During this précess of heating:
the watef, the molecules of water move more rapidly
(increasing their kinetic energy). As the water vaporizes
to a gas, kinetic energy is converted into potential
energy and is stored in tﬁgg’ water molecules“of the gaseous
state. As a gas, the molecules occupy a much larger volume
than as a liquid. This creates the pressure buildup
in the system. When the cork is propelled suddenly
out of the tube, this movement represents.a change of
potential energy to kinetic energy. oo

CActvity IO v
ity F10 o

The student will investigate potential and kinetic
energy considerations in moving a rolling cart along a flat
" .table surface. : :

[YuN
oo



What to do? . S . E

Matenals Rubbet band cart, spnng scale ~ '
" ‘Hook one end of the rubber band fo the cart and the’
other end to the spring scale. Stretch the. rubber band by
pulling on it with a force of 150 grams. Hold the cart to
- "keep it from moving. Then release the cart and allow it to
_roll along the table. Where did the cart get the-eneray to
move? What form of emergy does the rubber band
have in its stretched. condition? Again, repeat the,
" above experiment, but this time measure the distances (m
cm) that the cart moved when forces of 50 g, 100 g,
150 g, 200 g and 250 g were applied to the stretched(\
. rubber band. What effect. did the increased force have
"on the speed and movement of the cart? Describe 1ts
behavmr in terms of kinetic and potentlal energy.

Teacher Notw/ , L %‘ '
: The cart reoewed its energy for movement from the
stretched rubber band (potential energy). However, work
was previously done in stretching the rubber band (as
- kinetic energy) to create the necesary potentlal energy
_ source.
. Complete the following chart for the last part of this
actmty , \ .

Force 50g 100g - 150g ;20Qg 250¢
Distance ' ' _
Prepare a graph correlating force (g)  with distance

(cm) What relatlonslup is suggested by the curve of t.he
smph”
Activity I-11
Objective: ~ .,

¢+ The student will discover the relationship between

* . potential and "kinetic emergy by observing a swinging
pendulum bob

- What to do?
Materials needed: Support rod, thread, pendulum bob

.. Suspend a simple-pendulum from a supporting ring __ .
attached 10 a ring stand as illustrated in the diagram. You, - -

-, can use.any object that can be attached to a string as a
" pendulum .bob. Start the pendulum bob swinging by

holding it at- posmon A’and releasing it in such a way that .-

Ly it falle freely. Observé the back and forth motion. Describe .
o what 1& happemng in terms.of kmetu: and potentxal energy.

' Teacher Notes : . ‘

: Initially, the-hand did work in moving the pendulum
bob to position A where it has taken on potential energy.
When the pendulum bob is.released at A and moves toward
position B, the potential energy is converted increasingly to
Kinetic energy, which reaches a maximum value at position -

35
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B As expected the pendulum bob contlnues to ‘swing

‘ through position B to C. In ‘this segruent of its path, the

energy is being changed from kinetic energy to potential
energy, until the peak of its potential energy is reached at
position C. This same energy change pattersi continues with

the back and forth motion of the pénidulum bob until the
bob comes to rest at position B. Assuming there is no other
force acting upon the bob, why .does it eventually cometo -

rest? With each back and forth swing Some energy is lost to
the surrounding air due to the friction between the moving
pendulum bob and the air. Each succeeding peak in- the
potential energy reached will be somewhat less than the

previous height obtained. In other words, there is less and . -

less movement ‘with each back and forth swing. When the

.bob comes to rest, all the energy st had initially has been

dissipated to the atmosphere as low quality heat energy.- -
Activity .12
ObjeCﬁVe AR

The student will dlstmglush between exarnples of |

kmeuc and potential energy.

movmg~\ u'uck

2
3. \speeding bullet .
A tank of - ga.sohne

}annowercutnnggrassM S
Anvez -current

2 lzghted flashlight’_

8. Apiece of coal

9.. fdlling weight
halfway in its fall

fafling Weightv stopped

10.  In number 3, what happens to the energy when thei

bullet istransferred to the target"

stretched rubber band I released rubber band' .. '
buﬂet 1n a loaded nﬂe-

a gasolme fueled
water stored behmd adam
. A stick of dynarmte_.__;,._.. a dynamite blast

an operatmg coal furnace )

tmakwaatmg at stopllght L
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Teacher Notes: -

1. movmg truck kmetzc truck wa.rtmg at. stophght
+ potential. '

2. stretched rubber band potential released rubber band
3.. speedmg bullet kinetic bullet in a loaded rifle
potential.

4. freshdry cell potem’zal hghted flashlight kinetic.

5. a <ank of gasoline potential a gasohne fuel
lawnmower cutting grass kinetic.
6. . a river current kinetic water stored behmd a dam
potential.
.- a stick of dynamite potential a dynarmte blast'
" Knetic.
a piece of coal potentxal an operating coal furnace
kinetic. =
falling weight kinetic falling weight stopped halfway
_ during its fall potential.
10. In number 3 what happens ‘to the energy when the
bullet is transferred to a target? kinetic emergy is
. changed to heat energy and is gwerz off to the
atmosphere in a useless form. ,

FORMS OF ENERGY
Mechanical Energy-

Mechanical eneigy is that form of energy which is
acquired or releised by moving objects..A rolling wheel, a

turning windmill, and a rotating waterwheel are examples -

of objects with mechamml energy.

Mechanical energy can be easily changed into other

“useful energy ferms. For example, falling water can spin the
blades of a turbirie. The mechanical energy of the spinning

turbine can be converted into electrical energy if the B

turbine is connected to an electrical generator.

Other forms of energy can also be changed into
mechanical energy. For .example, gasoline or diesel fuel,
which contains relatively large amounts of potential energy, .

undergoes controlled combustion in the engine of a byll- . .

dozer and-produces.motion in the pistons and other md¥%

mg parts of the engife. The bulldozer can then do work.

- By ‘its very .nature, mechamcal energy. is closely :
assoc:ated with kmetlc energy.

,l

Actmtyll3
Obkctlve

, The student will view prcturﬁ of how energy was
used inthe past and determine in what ways those activities
produce mechanical: energy. :

What to do?

- Using the transparencies prepared for Aetivity I-1,

‘have the students examine each illustration and have them

determine which "examples involve the use and/for
prodyction of mechanical energy. What actions ifi each
iIlustratlon represent the productlon of mechanical energy"

wll Toxt Provided by ERIC

.'r

Teacher Notes:

Mechanical energy is particularly evident when the
wdevice depends upon the operdtion of a chine, Examples
of simple machine are sheels, levers, and inclined plans.
Each of these machines'is utilized to make a work _
. situation easier — that is, to gain some type of mechamml
advantage so that work can take place ‘under more favorable '
conditions,’ ) ‘

.. Mechanical energy is essent:al in most of the
illustrations, but is certainly less evident in the sailing ship,
the kite experiment, and the boy drinking water. How is
mechanical energy used in these three situations?

. —  The sailing ship is shiped like a wedge (inclined
plane) to enable the ship to move more rapidly
through the water. This is an application of a
_ simple machine. '
—  The Kite is pulled and is held in such a posmon
as to represent an inclined plane so that the
movement of air will lift the kite upward. The
moving air -currents (mechanical energy) lift -
’ the kite upward (mechanical energy).
- —  The boy drinking water: Mechanical energy is
produced 'in lifting the water-to his mouth.
*  Also, mechanical energy is used in the
swallowing mechanism where the downward
movement of water is assisted by S
muscular contractions in transPOrnng the water
- to the stomach. .
Mechanical energy is apparent with alnmst every type
of human and machme activity.

Activity 1-_14

Objective:

—

The ‘student will be able to demonstrate how
- mechanical energycan be produced from steam in the same
_ way that burning fuels_can be- used to turn generators\for :
“electrical productlon )

38



R .,'

. energy do you feel"

o.®

'Whatto do? _

Fit the flask with a one-hole rubber stopper, put a piece of

- glass tubing in the stopper, and connect a piece of rubber
" hose (about 1/2 meter in length) to the glass tube,
_Attach the glass portion of a medicine dropper to the

Put about 100-ml of water into 2 250 mi pyrex flask.

.- other end in such a way as to enable the dropper end to be
_exposed.Heatthe water in the flask to boiling. When .

- * 'enough steam has been generated through the tip of the

hose mechanism, position the dropper in such a way as to
spin the pinwheel. This simulates the action of turbines
used - to operate an electrical generator. What - mdrcates
the productron of mechanical energy?

Teachers Notes

The teacher should point out that -%e I
pinwheel should be attached to another mechamcaI
in~order to utilize the mechanical energy of - the" movmg

-+ . pinwheel to.do some kind of useful work.

> . CAUTION: Do not heat the flask too rapidly! If you
" produce steam faster than it can escape through the tube,
something will give! Be sure to add boiling chips to water!

~ Objective:

Insulate the part of the rubber tube you are holding witha -

paper towel.
~ Activity I-lS
Objective: |

The student wrll be able to demonstrate that
mechamcal energy can be changed to another fo

What to do" '

v Mategials Needed:' q/( ter mch wood dowel/ knife,

) hand drill, wooden block :

- Sharpen a quarter+inch dowel to a point.
: ‘blnnt end in 2 hand drill. Cut a small pit in 2
... for the pointed end of the dowgl to
., anothes student hotd the block and t
" drill rapidly. What fo ‘

» ~tumn the crank? After.4. few mmutes feel -
1 -+ dowel and the pit in the‘\wooden\block

“

. 'Teacher Notes . :
Mechamaal energy is the energy produced when

of ene rgy,

objects, like machines, are moving. A moving automobile, 2 -

turning windmill, 2 rolling wheel, and in this case turning
the crank of the hand drill all produce mechanical energy.
Mechanical energy can be changed into other forms of

energy. In a steam generatmg plant, the rotating generator

produces electrical énergy. In this demonstration, the

. . turning crank produces heat energy as evidenced by the

warm (sometimes hot) feel of the wooden dowel and block.

Remll the illustration in Activity I-1 where the Indian

actually started fires using this method of heat production,

" even though the devices were ‘somewhat more crude than
\ those used in thrs demonstrauon o

wll Toxt Provided by ERIC
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" What to do?

' ra.mp" How

- Gravitational Energy

One’ imporftant form of potential energy  is:

- gravitational potential energy. This is the energy of a rock

poised at the edge of a hill, or of droplets of water at the . .
top of a waterfall. These are examples of gravitational Y4
potentral energy because it is the earth’s gmvxtatronal pull /

- “which will set thesr in motion.

The amount of gravitational potentral energy depends
on the heights and masses involved.

Figure 3-shows one- use of gravrtatronal energy:
turning the turbmes ina hydroelectngam

- o »x

Actrvrty I-l 6

’

. The student wil observe c‘hanges in gravitational -
energy. that- is produced when an object rolls down
inclined planes of different elevations and the effects that

these changes have in domg work on other ob;ects

-

Materials Needed inclined plane (board 6 inches wide- .
by 3 feet in length), a dozen books — each at least 1 inch in
thickness, steel ball or marble piece of velvet (1 foot by 3

- feet)

The teacher w111 p]ace the inclined plane board with
one end elevated by a book. At the other end of the board,
place a piece of velvet in such a way that it extends from

- just beneath the lower end of the board and stretches 3 feet

ther end of the inclined plane. Then, release the ball
the top.of the inclined plane, allowing it to roll onto the
iece of velyet. Describe what happens. (If you have a stop-
ble, try to determine the time involved for the-

ball to roll toythe bottom of the inclined plane). Now, place

a second booky on top of the.first book ‘to -elevate the . -
inclined plane even higher. Again, observe what happens. -
_when the ball is rele mpare your. results with the

- first instance. Continue to mgve the incline: to various other.,,
. heights using a different n

ber ot' books.: Record your

results.

the.ball possess at the top
ing down the ramp? How do .
ergy relate to the nature of
t makes the-ball roll down the
all get the pot\entral energy at the’ top

the - different forms of
_gravitational energy"

) Fmally, place a pencﬂ on the cloth so that the ball
hits jt after it rolls down the ramp. How much work did the
ball do on the pencil in striking it? (Reinember, Work =
Force x Distance) Now, change the elevation of the ramp. -
How did this change affect the amount of work that the-
ball does cn the pencil? Record your results,

Teacher Notes.

- The force of gravity is what makes the ball roll down =
the ramp. In getting the ball to the top of the ramp, work
was done on it against this force of gravity. While resting at/\

.
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the top ‘of the rarnp, the ball possessed potential energy.
The roning ball possesses kinetic energy. The poterrtial
energy is-being converted to kinetic energy as it continues
to roll down the incline. The kinetic energy reaches its-
' maximum value at the bottom of the incline, or just at the
impact with the pencB. If work is measured by force times
distance, obviously the greater distance that the pencil «
travels upon fmpact indicates more work being done on the
pencil. The more work that.is done on the pencil, the
‘greater is the amount of gravitation energy possessed by the
rolling ball as a result of a higher elevation.

: Chemlal Energy

. Chen'nml energy is that energy which is involved in
. chemical reactions. In most chemical reactions, energy is
usually released or absorbed in the form of heat. '

- Photosynthesis and respiration, two biological
processes, are basically chemical reactions. An explosion of
gunpowder is obviously a chemical energy-releasing process.
+ The rusting. of iron is a chemical reaction which releases
heat, but it generally occurs so slowly that the heat released
is not detected. In a battery, chemical energy is stored for
later release as electricity.

) Chemical reactions that release heat are of partlcular
- importance as usable energy sources. The burning of fuels
such as wood, coal, gas; and oil. provides for release of
stored chemical energy. Note that some initial energy is
necessary to start these chemical reactions. For example,
~wood ‘begins to burn only after it has been heated to its
kindling temperature. The burning of coal, gas, and oil
provides heat which can be used to boil water, creating
steam which can then turn turbines to generate electricity.
We again can see how one form of energy can be changed

_ mto many other forms )

."" -

Activity 1-17

_ Objective: ’ |

The student will examine the relationship between
the amount of ‘fuel burmed (a chemical change) and the
. amount of heat energy released as measured in a container
* of water hedted by the burning process.

- A. Volume of water used for heating =.

B
\C. Type of container used =
D

- Prepare a bar graph: time vs. water temperature

What to do?

Materials needed small container of canned heat -
(2-2% inch dxameti Sterno can), Sterno stove or other
suitable stove support for heating liquids, centigrade
thermometer, 1 liter pyrex beaker or 32 oz. can with one

" end removed, water

. Measure out 800 ml of water (or 13 pmts) mto 1 liter
beaker {or 32 oz. size can) that would be appropriate for
heating. (The total amount of water used for heating should

" be accurately measured and recorded 'on the data table.) If

a can is used, remove any label on the container before
hm‘ting.. Now, place the container with the geasured
amount of water on the stove support. Record the water
temperature. Then remove the lid from the sterno can and
light the fuel. Note the time and record it on the data table
after you place the burning fuel in the appropriate spot for
heating the water. Continue the heating and place the
thermometer bulb in the water after 2% minutes. At the 3

. minute interval, note the water temperature and record it

on . the ~tablel Continue the heating, repeating the
temperature measurement every 3 minutes. The heating
process should be discontinued after the temperature of the

_ water mches approx:mately 90°C.

Data Table: -

~ Type and size of canned heat used =

Table containing other information

Time, min. | Temperature, °C | .Time, min. Temperature, °c
_0 . 21 ] '

3 24
6 : 27
g - i 30

12 C

15

18

. _'\"

Prepare a graph with-time seele represented on the “~
horizontal axis and temperature scale along the vertical

~axis. The following example is indicative of the type -

of graph to prepare-from your data. It does not necessarily
represent actual values obtained for this experiment.

LKC'@‘"_WJ o
| g
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TEMP. go

18 21 28

-

L4
- Questions to consider: ) s - s improvement in the heating “efficiency of your
‘ t T ~ system?
1. What represents the chemi reaction in this o : , -
experiment? ‘ \ o Teacher Notes: o , .
2. What forms of energy are produced when the burning T o
' process takes place? . . ‘ The fuel used was a flammable chemical mixture
3. After the flame is put out, observe the amount of.fuel which is likely a solidified petroleum product. When this
remaining in the container. How much longer would mixture burns, it gives off a relatively even heat. This even
you predict it would take for all the fuel to be heating feature mazkes the fuel especially suitable for this .
consumed? (Assuming the present buming rate and type of experiment. o L
judging from the change in fuel level .in the The forms of energy produced include primarily heat
~ container.) How would you devise an experiment to ~£nergy and some light energy. . ' o
. make an accurate prediction’ based on actval «- ° ° The student.can determine the relative amount of
- information? = - : a C - 'fuel used in this experiment by measuring the height of the
4. What does the -graph show? What does it tell about -fuel content in the can both before and after the burning
the amount of energy produced from the burning takes place.” A rough prediction can be made from this
fuel? Does thé¢ bar graph show an even heating rate? information. For example, if about 1/3 of the fuel burns in
If it doesn’t, why not? . . ) 30 minutes, then it can be estimated that 2/3 of the fuel
5. . Can you think of ways that energy was lost to the remaining represents 60 more minutes of heating time. '
- surroundings? This represents heat not used to raise The graph relationship show€ that the burning fuel
the temperature of tHe water. Name at least three continues to heat the water at a regular rate (noted by the -
ways. . S o L - gradual increase in water temperature) until it approaches
6. "How could you redesign.the apparatus used in the the boiling ‘point at or near 100°C. Ask the students to
" “heating process to captyre more of the “lost” heat - . estimate the water temperature from-the graph after 10
energy? = . - : minutes of heating. If time permits, allow.the students to -
7. - Use these ideas to make changes in your heating check their prediction time by again heating the same

system and repeat the experiment. What changes in

" your results would you expect to find in showing an

;42

- amount of water (volume should be accurately measured).

It is important to note that when the water reaches higher ;.
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temperatures, a greater amount of heat is lost to the
surrounding air at a faster rate due to the ]a.rge temperature
differential.

' heat from the -burning fuel escapes along the edges of the

How is heat lost in this system? (1) Some of the nsmg

container. (2) The heated water tends to heat the air above .
it and some of the heat energy rises into the adjacent air
gabove. (3) Metal containers readily conduct heat away from
%the warm water and in turn heat the surrounding air. (4) All

warin objects tend to radiate heat from all surfaces to,

surrounding obiects. {5) Air currents moving across the area
of the flame tend to take with them some of sthe heat
_that would- ordinarily reach the container of water.

4

‘How could this apparatus be redesigned for greater-

heating efficiency?

3

(1) Install a chimney between the heating source
and, the container of water — make provisions
for air supply to reach the burning fuel.
Surround the container with aluminum foil
with the shiny surface toward the container to
preverit radiant heat energy from escaping.

@

-3
container — glass is a much poorer conductor of
heat and will provide less loss of heat through
its better insulation qualities.

(4) Place a lid or loosely fitted cover over the top

of the container. This will tend to cut down on’

the amount of heat rising to the atmosphere .

through convection currents.

What changes in the results can ‘you expect from these :
improvements?

These changes should enable the water to reach the

‘ 90°C temperature in a shorter period of time. The bars m
‘the bar graph should. appear somewhat higher at each step

Activity I-18

Objective:

| The student will undefimd what happens when the
body absorbs food in producing energy through chermml
changes which occur in body cells.

What to do?

D

Discuss in class what happens when a body eats food

(sugar gives off water and CO2 and energy to the body.
Fats tend to give off more energy because there are more

cr

n and hydrogen atoms in fats, and theréfore they can

uce more energy). Have the students draw a diagram of -

what happens to the food and the energy produced.

Teacher Notes

~This rnformatron can be found in any health ‘home ’

-economics, or biology text. Also, the encyclopedra is a
good source of infogmation. . P

Actrvrtyl-l9 .

. Objective: - ._ . )

N

~

The student will determine ‘on the basis of weight

measure which of the following fuels is better in terms of =

calories produced per gram.

o s

."Whattodo"

. Examine a list of chemical reactions that represent

the burning of varioustypes of common fuels and calculate
the arn'ormt of heat in calories per gram of fuel used.

: 5

bl

Use a glass beaker (pyrex) instead of a metal - @

s

©))

£l

>

@

@
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The burning of ooa.l

Carbon (coal) + oXygeii gas.produces carbon dioxide
2aS 5heat ‘

C(s) + Oz(g) > COz(g) +94,000 mls/lz gms

Calculate the mJones per gram of earbon burned *
94,000 calories - I
," 12 oS = per 1 gm of garbon

The burmng of hydrogen

Hydrogen gas + oxygen gas produoes water + heat
Hz(g) +%02(g) . > H20(1) + 68, 300 cal/2 gms

Calculate the calories per gram of hydrogen burned

68,300 calories _
_ 2 gms
nydrogen
The burning $f ‘octane (a petroleum product used in
automobiles) :

per 1 gm of

o ctane + oxygen gas produees water vapor + earbon
dioxide + heat .

. C8H18(1) + _02(g) > 9H20(g) + scoz(g) +
1,305,000 cal per 114 gms ¥

, Calculate the calories per gram of octane

1,305,000 calories _
. 114 grams

The buriling of msthane (na'tural gas)

— calories per gm .

mzthane + oxygen gas produces water vapor + carbon
dioxide + heat 8

+ 20p(g) > 2H0(p) + CO2(g) +
g2, 2 - W0 + 0
"Calculate the calories per gram of methane ‘

210,000 calories _

16 grms — calories per gm.

ZL)

e



'On 'the basis of calories per gram of fuel, which of

these fuels is the best fuel? _

-Teacher Nqﬁs: ’

What ‘are other factors to be considered in fuel

. selection? Discuss with the students such ut;?tms as the
cost, availability, and environmental pollufion of each

fuel considered in their selection. :

<)
Electrical Energy

Have you ever run a comb througlii your hair and had
~your hair crackle and stand up? Or have you walked across

. a carpet, then touched a door handle, and felt a shock?

" These are examples of the action of electric charges. There
are two kinds of electric charges: positive and negative.

| We will see how these electric charges can become a

- usable’ form of energy. But first we must discuss some basic
concepts. Al matter is made up of very small particles

.called atoms. Every atom has a nucleus which consists of
neutrons and protons. Neutrons have no electric charge;
that is, they are electrically neutral. Protons are positively
charged, and every proton has the sam€ amount of charge,
no-matter what kind of atom it is from.

The nucleus of an atom is surrounded by negatively.
charged electrons. Every electron has the same amount of
charge, and the magnitude of the negative charge of the
electron is equal to that of the positive charge of the
proton. Thus in an atom that is. electrically neutral, the
number of electrons surrounding the nucleus is equal to the
number of protons in the nucleus, so that their charges

. exactly “neutralize” each other. If an atom has more

electrons than protons, it is negatively charged; if it has

more protons than electrons, it is positively charged.

In much the same way as magnetic forces operate,
objects with opposite electric charges attract each other,
while those with the same charge repel each other.

If-a glass rod is held in the hand and rubbed by a
wool cloth, the friction causes electrons to- transfer from

-the wool to the glass. Thus the glass becomes negatively
charged, and the cloth positively charged. When these two
oppositely charged objects are brought close enough
together, electrons will return to cloth and each object
will again be electrically neutral. This neutralizing action
will create a spark in the small gap of air between the two
objects. - ) . .

However, if a metal rod is held in the hand and
rubbed with a wool dloth, it will not become electrically
charged. The charge which is created simply flows through
the metal and. through the hand of the person holding it.

B This is because metals are gocd electrical conductors. In a,

."conductor, some of the electroms can move about freely,
. and thus move the electric charge through the conductor. If
.the metal rod is held by a piece of rubber, however, the rod

- can be charged. This is because rubber is an insulator or °

IToxt Provided by ERI
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difection and then in the reverse direction.
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non-conductor. In an insulator, electrons are tightly held,
and thus are not free to move through the system. So the
electric charge cannot move through the rubber insulator

. and into the hand.

With this background, we can now think of electricity
as the movement-of electrons. R :

The examples of electricity that we have mentioned
so far are all examples of static electricity. Static electricity
involves electric charges on insulators, such as a glass rod

~ and wool doth, or a comb in dry air.

But of much more practical interest from anvenergy
standpoint I5~an electric. current — a continuous flow -of
electrons through a conductor. There are several ways of

- producing an electric current. One is by using a chemical

wet cell. Two different metal strips such as copper and zinc
are placed’in a solution of sulfuric acid and water. When
sulfuric acid is put into water, some of its molecnles break
up into separate parts called ions. These ions are electrically

charged — somge positive and some negative. The zinc strip _

begins to dissolve when it is put into the, solution." As it

dissolves, part of the zinc atoms leave the strip and mix .

with the water, but as each atom enters the water, it leaves

behind two_electrons.- The zinc strip thus becomes more

and more negatively charged. When the copper strip is
placed in the solution, very few of its atoms dissolve, so the
copper strip does not become negatively charged. If a wire
is used to connect the two strips, the excess electrons on
the zinc strip flow along the wire to the copper strip. At the
copper strip, the electrons app neutralized by positive

all the zinc is dissolved. If the two metal strips are
connected by two wires'to the terminal of a simple light
bulb and socket, the electron flow will light the bulb.

Early experiments with ‘electricity showed a close

-hydrogen atoms from the. sulfudtc acid, forming hydrogen -
gas. The electrons continue to flow through the wire until .

relationship between electricity and magnetism. . It was .
found that' électric -charges in motion are . always o

accompanied by magnetic effects. For example, a bar of
iron placed-in—a~coil through which a current is flowing

- becomes magnetized. In this way, it is possible to make

electro-magnets, which are extremely useful in" converting

electrical energy into mechanical energy, being a major

component of electric motors.

Conversely, it was djscovered that when an electrical
conductor is moved ‘through a magnetic.field — that is an
area where magnetic forces are present — an electric current
is prodnuced in the wire. If 2 conductor wire is formed irito a

loop, and the loop is moved through the magnetic field

which exists between the north and. south poles of a
magnet, an electric current will be produced in-the 1oop.
Note that the conductor or the magnet must be moving —
there must be movement of one in relation to the other —
for the current to be produced. The. type of motion

the magpet; the electrons in the loop will move back and
forth within the loop. Thus the current flows first in one
urrent
produced in this way is called alternating current, and this
is the kind of current we use . when we plug something into
an electrical outlet, - '

* determines the direction in which the current flows.If, for -
example, the conductor loop is spun between the poles of -



Activity 20
Objective:

The student will be able to demonstrate the

production and effects of static electricity using different
©_types of non-conducting substances. .

What to do?
Demonstrate static electncxty by:
having students comb their hair or ruba plast1c
comb on a wool sleeve.
having studeng rub a piece of silk with any sort
*-of hard rubber material.

rod.

having students hold tissue ‘paper against the

blackboard and rub it rapidly with a silk cloth.
“rubbing a filled balloon in students’ hair and

observing the sticking-action to the wall. It will

work only when hair is clean and dry, not oily.

scraps of paper and a piece of silk cloth. Lay
the two books qn the table about 4 inches
apart. Place pieces of paper undemeath a sheet
* of glass resting on the two books. Rub the glass
with. the silk cloth. Watch what Happens. Do
this in the dark if possible.
having students suggest, more ways to illustrate
static electricity.

Teacher Notes: .~ &

Atmospheric conditions ‘are very important in
successfully demonstrating static electricity. It works best
on a dry day. On a humid day the water vapor in the air
will enable the charge to leak away rapidly, retummg the
objects to a neutral charge,

The rubbing action will cause:
the comb to. attract electrons from the hair and
wool, giving the comb an excess of electrons or
overall negative charge and leaving the hair and

having students rub-a piece of silk with a glass

using 2  piece of glass, two books and some

wool with fewer electrons or overall positive

- : charge.

the silk to become posmvely charged and the
-rubber to become.negatively charged.

the silk to become negatively charged and the
glass to become positively charged.

(Note that a substance does not always have the -
same charge. The silk becomes positive in the

9 first instance
instance. It depénds on the nature of the two
materials which are rubbed together.)

In the other two activities, the balloon will

d negative in the second -

stick to. the wall and the pieces of paper will.

begin to jump about in an amusing way due to
static electricity.

~
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“Activity 1-21

‘ Objecw'

The student will, prepare a wet cell battery to show
how chermml energy can be used to produce an electnal

.current, ‘

\ﬂ}at to do"

Matenals needed: 1 copper strip (l inch wide by 5
inches long), 1 ziic strip (1 inch wide by 5 inches long), 12
inches- of insulated copper bell wire, 100 cc of dilute
sulfuric acid (handle with care), beaker, knife. .

Pour the acid carefully into the beaker. Use the knife '
to bare the wire 4 inches at one end, 1 inch at the other.
Wrap the 4-inch bared end of wire around the top of the
topper senp and stand the strip — by its unwired end —in
the beaker. Stand the zinc in the beaker, making sure that it

- does not touch the coppeér. At this point examine the

behavior of the metal §trips -in the jar. Does-the copper
react to the acxd" Does' the zinc? Finally, touch the l-inch
bared end of wire to the tép of the zinc strip and hold it
there for a few minutes. How does the copper strip-behave

. now?

Teacher Note:

. When the zinc is immersed in the acid, bubbles are
given off from the strip. The copper strip, however, does
not react with the acid, and no bubbles appear around it.

When you connect the two metals for an electric

" current flow, electrons flow from zinc — the more active

metal - to copper. When these electrons come into contact

~with sthe acid ions around the copper strip, bubbles of .

hydrogen gas are given off at the surface of this strip. Thus_
the presence of bubbles around the copper show& that the
cell is generating electricity.

Activity I- 2 - o
Objectwe

The student will produce_and detect an electric
current from a simple wet cell using materials readily
available from his home.

‘What to do?.

Materials needed: Lemon, Knife, copper strip (or
penny), zinc strip (from old dry cell or zinc coated' washer), *
galvanometer and pieces of connecting wire. .

This experiment will ‘demonstrate how to create

electricity from a lemon. First, roll a lemon on the table, - .

pushing on it with your hand to break up some of the tissue
inside. Cut two slits an inch in length i the skin of the
lemon. Push the strips of zinc and copper into the slits,
making sure they do not- touch. Connect a wire from ‘the

- copper strip to the terminal of a galvanometer and a wire |
- from the zinc strip to the other terminal. Watch the meter.

Describe what happens and why. Nore:_ If a cornmercially-



-

made ga.lvanometef is not available, you can make one. See
- . next activity. .
Teadmr Notes: ‘ »
For best '.re'sults,"it will be necessary forv):ou to cleah
the metal strips with steel woa} or fine sand"paper. Make
sure that there are no loose conmnections. The major

v difference in this activity and the preceding one is that

lemon contains citric acid in place of sulfuric acid.
‘Actually, any electrolyte will work, including table salt
dissolved in water. In general, an electric current can be
produced from any two different metals immersed in an
clectrolyte. The amount of cument flow or voltage is-
determined primary by the choice of metals used in
. producing the current. . -

Activity 123 .- ° : i . T electricity *using a student-made getferator consisting of a;
‘ /.

-Objective:
- The student will build a siniple galvanometer for the

- purpose of detecting a small electric currént. 7
What to do? o

Materials needed: boy scout compass, a 4-ft. piece of

. insulated wire. . T - oo

o In building a galvanometer; wrap the insulated wire
around the N-S axis of the compass, leaving the’ends of the .
wire stripped of the insulation for an electrical attachment.

* ~Connect a dry _cell to the coil and observe the compass
needle. Current passing throdgh the wire will cause the
needle, whitkadibeen pointing north;, to shift towards the
E-W directio “'ei‘v-h- i’ passing through the wire creates a .

magnetic field strofger than the earth’s magnetic field, and
the needle shifts. This has become a simple |instrument
which can be used to detect a small electric current. - :
'A more sensitive instrument can be made by building
« alittle frame from cigar box wood just large enough to hold
the compass. Place the compass in the tightly fitted frame
and ‘then wind about 20 turns of bell wire over the frame.
) Again, orient the compass so that the needle pointing , -
. toward the north is hidden by the wire. *

“Teacher Notes: T

This galvanometer will not measure the amount of
voltage produced by the energy sources. It will only detect
whether or not a current is produced. Also, it is meant to
be used only where a small direct current is produced, such _ -
as that which an ordinary 1.5 voit dry cell will develop.

? Activity 124

vage
_ Objective:
" ."The student will be able to identify the parts of an

electric ~generator, - describe its ~ operation, and/or .

demonstrate a student-built device.

46 -
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'Acﬁyity-‘i-zs_ S : \

- eIeachiar Notes:

What to do? E“ | T

ABuild,‘ draw or diagram an - electric generator, -
correctly labe!ing all its parts. Also, describe the use of each ‘

Teacher Notes: _ ‘ _
Labeled diagrams of a simple electric senerator will
appear in a number of general or physical, science textbooks

S

and lab manuals. Also, an encyclopedia is 2 good source for ,

this kind of information.

\ .
Objective:

The student will demonstrate the production of

bar magnet 4nd coil of wire.

e

L b r

‘What to do?\ o S
Matenals mailing tnbe; coppe“r;wire, bar magnet

Electricity can be produced with a magnet and a coil. -

This simple generator can be made by winding about fifty
to one hundred turns of wire around the hollow tube.
Connect the ends of this wire to the two posts of a
galvanometer such as the one prepared in. Activity 1-23.

.~ - Push one end of the bar magnet through the center-of the

coil of wire, passing it completely through the hollow tube.

Observe the galvanomieter. Then pull the magnet through -

‘the coil in the ‘opposite direction and observe the
galvanometer again. In the return mevement, be sure to

- onent the N-S magnetic poles of the magnet in the samg

direction as the first observation. Describe what happens.

N As.'the fnagnei- is moved in.and out of the coil,
magnetic lines of force are broken by the coil and a current
isset__ﬁpinthecoi}. _ . o i

~ ¢ ~

Activity 126 "

Objective: /

\11

The émdentgvk\‘f‘iﬂ build and demonstrate the use of an

. electromagnet. . 3 : ;

-

What to do? - . _
* Materials: 2-inch iron bolt with nut, 2 washers, roll of

insultated wire, two dry cells, nails, and other small objects. -

. Place a washer at each end of the bolt and screw, the
nut just on to the bolt. Wind layers of insulated bell wire on’

~ the bolt .between the washers, making certain to leave 1
- foot of wire sticking out- when you start winding the coil.

When you have filled the bolt between the washers with -

several .layers of turns of wire, cut the wire, again leaving

o -
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about 1 foot §ticking out.{wist the ‘two.ends of the wire
close to the ends, then ' short' Ien of tape at the
ends of the bolt to keep the wire from unwin 1g. Remove

the insulation from the two ends of wire. Connect two dry-

cells in series (cornect the negative terminal of one ttery
with a short wire to the positive terminal of the other)

attach the _electromagnet, prepared from the bolt, to then\

- Pick up some tacks and nails. Disconnect one wire from
. battery while the tacks are still attached What happeng?

Using the. electromagnet, pick up other objects made
iron or steel. Iry it with other matenals Explam what

happens. - . . P
'Teacher Notes: ' -

It will become evident that an electromagnet will Jose
its magnetism quite readily after the - circuit. has been
disconnected. Only objects containing iron and steel will be
plcked up, w1th the electromagnet. L e

-

magnetic ﬁelds produce energy o the form of
electromagnetic waves which-radiate from the source at the -
speed of light. This energy is often called radiant energy.
Depending “on the conditions under which they are
generated, these electromagnetic waves may have a long
wave length, which means they have low frequency and
energy. They may be of the particular wave léngth that can
be detected by the human eye, in which case they are
visible light waves. Or they may be of shorter wave length

-and higher energy, such as x-rays. Thus a wide band or . < **

spectrum of electromagnetic waves exists.
The sun is:the. major source of radiant energy for the

- earth. Sunlight is that portion of the sun’s total radiation

'Actmtyl-27 o | o

Objective:

The student wal construct 2 sunple electnc cu'cmt

. and will test different solids for electnml conducnwty

using the prepared electrical circuit.

What to do?

“Materials needed: a dry cell, knife e switch, and
electrical 'socket and light bulb, four-inch strips of rubber,
cloth, aluminum, iron and other materials. i

Make a simple electrical circuit by connectrng a2 piece
of wire from one terminal of the battery to one terminal of
the knife switch. To the other terminal of the knife switch, -
connect another piece of wire to the terminal of the light
socket. A third piece of wire is connected from the other. .

battery. Connect the switch. The light should go on.

, Open the switch and test the strip of rubber, cloth,
_aluminum, iron and other materials for conductivity by
“holding each one of them across the two poles of the -
switch. Which .of the materials conducted the electnc

. _currentandmade thehghtgoon" L
. Teacher Notes:
conductors non:conductors
aluminum rubber
cloth

iron

The conductors will enable the light to go on.
The non-conductors will not: complete the circuit.

Electromagnetic  or Radnant Enerszy

We have aiready pomted/ out the close relationship

between electrical fields magnetic fields. Oscillations or
vibrations of electrically charged particles of matter in

EKC
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' terminal of the light socket to thé open -terminal of the

_Activity I-28

- What to do? : o ‘.

that is visible to the human eye. Other electromagnetic
waves radiated from the sun are infrared and ultraviolet
radiation, gamma rays, X-rays, and radio waves. -

The student will examine various ways of usmg
reflected light to simulate the actual path and behavior of
light in common laboratory and field instruments.

(_)bjective: i

-

Have the students brmg mto the classroom a
collection of mirrors. Have them look at their own imaees
in the mirrors at various angles. Record the results. Use a
flashlight jn a darkened room and have them record the
results of where they see the reflected light from the flash-

.light on the mirror at.various angles. Put chalk dust on

the mirror and see what happens. Ask the students how.
these concepts are used in a telescope, optical instruments, )
microscopes and periscopes. If possible, have examples
of these in the classroom for the students to look
through and examine :

'TeacherNotes. B S
L v

" A telescope uses light that travels i straight Imes A

» ';nucroscope operates by light reflected in a ‘perpendicular

47

line. A penscope directs hght by angular reﬂectlons
Activity 129 ' '
Objective: |

The student will see the effect of. refracnon of hght
when it passes from one medium to another.
What to do?

_ In order to illustrate that light rays change d1rect10n
when going from one kind of matter to another, begin by

-placing a coin in each of two cups and set the cupsside by

side. Move the cups until the coins are just out of sight over
the edge of the cups without changing position of the eye.
Have someone pour water slowly into the ﬁrst cup- Record



the results.
- cup? . - .
‘ Teacixef‘Nota;s: ‘

&L

Be sure to feXplain to the students that this light .
phenonema is called . refraction of light and that this -
characteristic of light is used in eyeglasses and cameras to -

change the direction of light. = =
Cacwiyrso
Objective: ﬂ
‘The student will calculate the amount of radiant
energy which fa]ls on one square meter of the earth’s
surface. IS ' . ‘

What to do? '_ o ' T

If .the energy from the sun falling on a square meter

of the earth’s surface (per min) is 447 x 104 watts, have
*students calculate * how much falls on a square meter of the
earth’s surface for a 10-hour period. How,can we hamess
this energy? i - ,

Teacher Notes:

The amount of radiant energy, striking one square

meter of the earth’s surface in a 10-hour period is: .

447 x 104 watis _ 60 min . 10hr 22,68 x 107 watts

Why did the coin continue to appear in the first \

e T Tmm o 1hr 10 hr.”

C\xrvpd reflectors can be used fo concentrate the sun’s rays

to one “focal point, thus increasing' the intensity and
_ . usefulness of the radiant energy. ~ : B

’

© Activity 131

© . Objective:

~ The student will determine the lo¢atio;i and function -

. of .each type of radiant energy group in the efectromagnetic

What to do?

Using the accompanying chart of various frequencies

of the electromignetic spectrum, find the location of each

« type of radiant energy wave group. Discuss with the

students and illustrate in some way how -vadio waves are

sent and received. How are infrared waves used? Where do
we experience ultraviolet waves? X-Rays?

What do scientists fear about freon in terms of its

effect on the ozone layer in the stratosphere? ' 2

Teacher Notes:

. -

Nuclear Energy ;

" Nuclear energy is the energy. released or absarped
during aiterations within the nucleus of an atom. We hav

-already said that the building block for all matter is the

atom, and that an atom can be considered to be a deps¢

" core of particles called protons and neutrons forming 2

positively charged nucleus, surrounded by a swarm of

- negatively charged electrons.

Any one of the more than 1300. known species™of

. atoms characterized by -the number ‘of neutrons apd

protons in the nucleus and by energy levels is calleg 2
nuclide. For example, an atom of chlorine with 18 neutrogps

~ in its nucleus is one nuclide, while an atom of chlorine with.

20 neutrons is another nuclide. . o .

~ All nuclides can be placed into one of two categories: -
radioactive - or ‘stable. Radicactive. nuclides (radionuclides)
undergo spontaneous nuclear. changes which transform
them into other nuclides. This transformation is caljed
radicactive decay, and through the decay, the radioactjve

_ nuclide is changed eventually into a stable nuclide.

- There, are some 265 stable nuclides and 6

' radionuclides found in’ nature. All the rest of the nucliges
", are man-made radionuclides. Thus abqut- 5/6 of all known . .

nuclides are radio#:ﬁve. o
In changing to a stable state, the nucléus of #

- radioactive atom ‘emits radiation. Radiation may be in the

" produced

. penetrating, x-rays.and gamma Tays are thre

form of particles, or in the form of electromagnetic rays:

calléd photons. Some radionuclides. decay by the emissipn

" " of alpha particles, which are high energy helium nuclej. -
- Others decay by the emission of ‘beta particles, which cap

. be either negatively- charged” electrons (negatrons) or

positively charged electrons (positrons). Decay by .the

emissiorr of these particles. is usually -followed: by the
emission- of photons of two types: gamma rays, which age

13

n the nucleus of the decaying atom, and X-13ys, .

4

which are produced as a result of the rearrangement of . .

orbital electrons. Except for their origin and ‘the fact that
xrays are usually lower in energy -and therefore less

] Loss of this radiation changes the atomic structure of ,

the radioactive nuclide, a process which ‘continues’ until 3
stable (nonradioactive) nuclide is reached. Uranium, for

‘e

instance, is radioactive; it decays slowly into elements like -

radium, radon, and polonium, and finally staps at lead. The

- time required for one-half of the radioactive atoms .of 2

* nuclide to decay to its daughter nuclide is known as the -

half-life of that nuclide. An_atom with a short halfilife
quickly decays. Half-lives vary from minute fractions of a
second to billions of years." ,

As 2 source of useful energy at the present time, the
most important- nuclear reaction is the fission ‘reaction_

. When atoms of certain heavy nuclides are bombarded by

neutrons, the nuclei of some of these -atoms will capture 3
neutron and become unstable so that they fission, or split,
into two or more small atoms. Together .the fission
products weigh slightly less than the ariginal atom and the
bombarding neutron combined;. this’ missing mass is
converted into energy, as described by Einstein’s formula:

energy equals mass times the velocity of light squareq . -
(E = mc2). It -is this conversion of mass into energy that

-

. The function of each wave group can be obtained _
from any good encyclopedia or physical science textbook.
Q S | T 48 | ' o
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makes nuclear . ﬁssion so powerful and sets it apart from
ordinary chemical reactions, where no such conversion
occurs. As fission fragments fly apart, most of this energy
‘appears almost instantaneously as heat as the fragments lose
their energy of motion to the surrounding material. The
heat from this fission reaction can then be used to boil
water to make steam, which'in turn spins tuxbmes that

generate electricity.

When an. ,atom fissions, several free neutrons are

released. These are available to strike other atoms, causing
them to fission. This is the chain reaction (Fxgure 4).Ifa

chain reaction is to continue, there must be enough .

fissionable atoms packed closely enough to insure the
capture of enough neutrons to keep the rate of fission
constant. The amou® of materiatrequired for this is called

the critical mass.
Generally, the smaller atoms produced by fission are

thoactivc These fission fragments usually decay by
negatron emission followed by gamma ray emission. Figure

S shows one of more than .30 possible chains of decay,

- following the fissioning of an atom of uranium-235. The

fission fragments are atoms.of radioactive bromine and .

xenon, and they each decay through many _steps by
emitting beta particles. The half-life for each part of the
chain is shown. Note the divérsity of half-life lengths.
Uranium is the basic nuclear fuel because it contains
uranium-235, the only nuclide found in nature that readily
undergoes’ fission. The natural concentratior = of
uranium-235 in uranium is seven-tenths of one per cent; the
balance is uranium-238, which does not readily undergo
The process of nuclear fusion ~also, releases a

tremendous amount of energy, but we have not yet come

to the point where we can make practical use of it. In
fusion, two light nuclei are forced together to form a
heavier nucleus’ The fusion reaction will use forms of
hydrogen called deuterium and tritium to make a single
helium nucleus and a neutron, ‘releasing a large amount of
energy. .

 Activity 132

Obieative:

The studénts will use people to ﬂIustrate the parncles ”

and energy changes involved in nuclear reactions.

what to do? - C e

In order to illustrite fission, ask two Students to each

hold one hand of the teacher. These students represent th\

uranium atom.-If the teacher represents the energy, what
important role does the teacher play in the uranium-atom?
Now ask the students to try to get away, but the teacher
should hold them tightly so that they can’t. Then, have
a third student force them away from the teacher.
What type of particle does the third student revresent?

In illustrating fusmn, the teacher tries -to keep two
students apart who are trying to get together. The third

. The d1fferencc in these tw0 values is:

' student makes . . every attempt to get'thc two students

together and finally succeeds in doing so. What type of
particles do the students represent? What does the teacher

represent"
Teacher Notes:

In the illustration of fission, the teacher represents
the energy that holds the atom together. The third student~-
represents the neutron that bombards the nucleus of the
fissionable atom. .

In the illustration of fusion, the two students who
are being kept apart by the teacher, represents two heavy
hydrogen atoms; namely, deuterium and tritium. When the
two students eventually get together by the pushing effort

. of the third student, the teacher is squeezed out. The
* teacher represents the energy released from the nuclei of

the two heavy hydrogen atoms as they are fused together.
This activity would likely be most. effective for the
upper elementary grades. The various roles and movements
should be worked out in advance with-the participating
students so that the situation does not get out of hand.
/

{

- Activity 133 _' «

Objectxve

The student will d.raw diagrams of some simple"
atomic structures and identify the different parts of the

.atom..

What to do?

The students will draw dxagrams of atoms w1th

] .solored chalk, colored pens, or colored pencils on. paper.

' Label the different parts of the atom: electrons, protons

- and neutrons. Where is the nucleus of the atom located? -

Some suggestions for elements to illustrate are as follows: -

Hydrogen 1 (ordmary hydrogen) x
Hydrogen-2 (deuterium) _

© 7 - . Hydrogen-3 (tritium,

p Carbon-12

- * Carbon-14 (used for radxoacnve carbon datmg)
Uranium-235 (better do a little planmng for
this one) _

TeacherNotes : - ’,

Obtam a periodic table from a science or chexmstry
textbook. ‘Using this periodic table, notice the numbers_ T
which increase by one as you move from left to right across
the periodic table. These numbers are the atomig number or
the number of protons contained in the nuclus of that -
atom. The number of neutrons ¢an be obtained by -
subtracting the number of 'protons from the exact mass -
number. For example, carbon-14. has a mass number of 14.
Its atomic number is found to be 6 from the penodxc table

<
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Mass Number — Atomic Number = Number of Neutrons

\

’ 14 - ¢ 6 - = 8(No.ofNeutrons
. ) . incarbon-14}
Whiat about carbon-12? - ‘E/
= Atomic Number = Number of‘Neutrons

Mass Number

12 6 6 (No. of Neutrons

in carbon-12)

Note that ordipary hydrogen has only one proton, no
neutrons. Deuterium contains one ‘proton and one neutron
and tritium has one proton and two neutrons.

How many electrons should be represented in a
neutral atom? The number of electrons should equal the
number of protons (atomic number).

*  In the simple drawings, the center of the atom
contains the neutron' and ptotons and the electrons are
located outside the apcleus. .

Activity 1-34
Objective:

' The . students wﬂ] examine a rock coIlecuon and a

‘numbeér of other objects with the use of a geiger counter to . -

determine which substances give off hlgh energy rays
resulting from radxoactlve deaay

T

What to do?

Obtain a geiger counter from your science equipment
or borrow one from another Iaboratory. Test various
objects for ‘radioactivity, pa.rtlcularly someone’s rock
collection. Some wrist watches may contain radium in

face parts which will cause the geiger counter to give

- . off its characteristic clicks. Separate those substances which

contain radicactive material from.those that do not. What
do those sybstances which cause the radicactive decay
clicks have in common? What causes the clicks in each one"
" What relationship. does the number of chcks have to
radicactivity? _ _ ) _

Teacher Notes o -

One needs to be. certmn that the radiation wluch is,
. recorded on the - geiger “counter is not coming from

backgroynd radiation. Check the area before the object is

brought within the wcxmty of the gexger counter.

Activity I-35
Objective

" The students will make an on-s:te visit to a nuclear
power plant to learn about and obserye first hand a nuclear

\‘l

", Teacher Notes:

-

plant facihty, its built-m? safety features, and its potentxal
for producuon of electrical enetgy

>

What to do?-

V‘mt a.nuclear power plant and/or have a nuclm"
engmeez\,&k to the class about controlled nuclear energy
production. .

-

 Such a visit to a nuclear power plant can be most
meamngful if the students are prepared well in advance for

. the experience. There are a number of booklets \which

give excellent background preparation. Do not expect
to go inside the reactor shell because of radiation
hazards. Most plantg' have an education facility for visiting

- groups, and the students can become well informed about

the actual plant

operation by
demonstrations. Co

. observing model-

Activity 1-36

Objective: o
. .
The students will observe an oil drop model of a
ﬁsszomng atom. : '

What to do?

Materials needed a small water glass, S or 6 ounces of
rubbing alcohal, an ounce or so of cooking oil, some water,
a teaspoon, a butter knife, and a paper towel.

Fill the water, glass about half full of rubbing alcohol
then add enough water to fill the glass two-thirds full. Stir -
the alcohol-water mixture with the teaspoon. Wipe the -

. teaspoon dry and fill it with cooking oil.

-Carefully bring the spoon close to the surface of the
alcohol-water mixture, then gently tip the spoon over. A

) L ‘smgle blob of oil should slide into the glass.

_ If the blob of oil is-floating on the surface, carefully
add a bit more-alcohol to the mixture, with the teaspoon. If
the blob has sunk to the bottonr'of the glass, spoon in some

" more water. The idea is to change the blob of ofl into an ofl "

drop that hovers somewhere in the middle of the glass. -
Note how perfectly spherical the drop is. The forces

that hold the oil drop together are analogous to the forces -

that hold an atom together. ; .

- Now_take the butter knife and carefully prod the
drop apart. At first, the drop will bulge. Then, it will tear
apart into two perfectly round oil drops. The oil-drop

“atom” will have split into two smaller “atoms.” Note that

_the drop did not split until it was deformed by the knife.

Atoms behave in much the same way: They rcsxst splitting
until ; some actton critically defomts them. Ty
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Activity 1-37
Objective:

"The students will observe adomino model of a chain
reacnon - ,

What do do?

Materials needed: a set of dominoes :

Set up the dominoes on their sides as illustrated in
the first drawing. When you tip the leading domino ovet, as
if shooting 2 neutron bullet into uranium, it tips two other
dominoes over (releases two new neutrons). In turn, the

"two falling dominoes’ tip over four more. And the

uncoatrolled chain reaction goes to completion. ‘

But in a nuclear reactor, the chain reaction lasts years
instead of a-fraction of a second. You can model this
slow-movmg kind of reaction by setting up the dominoes as
shown in the second drawing. This type of chain reaction

“wastes” some of the neutrons produced. Some dominoes
fall thhout lnttmg other dommm . y

‘ Teacher Notes

Acnvmes 1-36 and I-37 were taken from an excellent
booklet which contains other nuclear experiments, along
with information for ordering' inexpensive low-level
radicactive sources. This booklet is “Nuclear Experiments

~You.Can Do,” a publication of Thomas Alva Edison

Foundation, Suite 143, Cambridge Office Plaza, 18280
West Ten Mile Road, Southfield, Mich. 48075.



Heat Energy ' ' k;‘

Early experiments showed that heat had to be some
form of mdtion. But obviously an object can be. hot
without any motion being visible. Thus the > motiory must be
occurring in parts of the object which are too to be
seen. These small parts are called molecules. The speed of a
molecule can be quite large, but the ‘molecules. of solid
‘objects move through a very short distance. The higher the
speed of the molecules in an object, the greater the amount
of heat energy it contains.

The_combustion of gasoline in an automobr]e engine
produces heat energy, or high speed motion of the
molecules in the cylinders. The motion of these molecules
against the pistons make the-engine run. Thus work is
obtained from the heat energy of molecular motion.

Kl

Note that heat and temperature are not the same:

thing. Temperature measures the average kinetic energy of

molecules in an object. When an object is heated, this

average speed is increased, and the temperature increasés.

The amount of heat in an object, however, depends on the
* number of molecules present as well as their kinetic energy.
. Thus a cup“of boiling water has the same temperature asa
quart of boiling water, but the. quart’ of boiling water has
four times as much heat energy, since it has four times as
‘many molecules. - -

. Heat can be thought of as the srmplest form of
energy. .since it is the form of energy into which all other

' forms’ can be most readily converted. It is also the -form »

that is most drfﬁcult to convert into any other form.

‘Actrvrtyl-38 | T R

ObJectrve , AT T

The - student w111 rdentrfy a vanety of different
sources of heat energy.

What '»to do? .

Have the students list as many different soucces of -

.heatas posm’ble and descnbe what heat’ does for them.'

For example, they couId make a table like the

followmg
’
Source of heat - - Benefits o
" Stove bumer Cooking -food
Immersion heater . Heating liquids .
" House fumace “Space heating
Water hegting = =

Hot water heater
Activity -39
ObJectrve PR : - .

'Ihestudentvwllomstuctandobserveﬂ'reoperanm

ofa thermometer

What to do‘7

Materials needed: pyrex flask, one-holed stopper 1%
ft. piece of glass_tubing, red ink, water, piece of thread,

- -bunsen burner, flask of hot water, one of cold water -

Discuss with the students the construction of a
thermometer and where they are used. Why are

. thermometers important? What do they do?

Then, fill the pyrex flask with water tinted with a few
drops of red ink. Fit the glass tubing into the stopper. Place
the -tubing and stopper in the flask in such a way that a
little water extends into the tube. Tie a piece of thread
around the tube at the level of the water. Heat the flask
with the bunsen burner, and watch the water level. Mark an
arbrtrary degree scale. Put the flask in 2 pan of hot water
for % hour, then in a pan of cold water for % hour. Measure
the differerice. Why does the water rise in the tube? :

< .

Teacher Notes: g

The water rises in the tube due to the fact that the
particles of water move faster, much as a-crowd of people
who get out of control.

Be careful in placing the glass tubmg mn the rubber
stopper. The teacher *should grve the student some

- assistance with thrs chore.

%
Activity 140 )

Objective:

The student will exarmne the effects of the rubbing . .-

action’ of sand particles (fnctron) in changmg ‘the
temperature level of a sand mrxture

What to do”

"Materials needed: bottles, rubber stoppers to fit

8 bottles (one holed), sand, thermometers

Make a sand shaker by inserting the thermometer into

the stopper after you have added.sand to the bottle. to

miake it half full. The thermometer should extend into the

sand when the stopper is .in position. Record the

temperature of the sand before the shaking action. Now, - .

‘have the students shake the bottle for two minutes. Then

read and record the temperature rise. What caused the

- - temperature to rise? What. happens in a machine when parts

move together? How do you prevent heat energy build-up.

i in a machine? What happens to the brakes of a brke when -

they are apphed to the wheels”

/ Teacher Notes

The temperature rises due to ‘the particles of smd
rubbing together to produce heat energy. In a machine, the
moving parts will rub together producing heat energy. This
heat energy formation can be reduced in a machine by
using a lubricant such as oil. The brakes of a bicycle will.
have a tendency to heat up due tq the resistance to motion
ina blcycle wheel. _
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Activity 141~ .
Objective: - Py

-y el

The student will determine the effects of heating
different kinds of wire wlndh have been suspended between

two supports.

What to.do? ,

Matena'ls needed: two stands, piece of bare wire 2 ft.
weight, bunsen .burner or lighted candle,

long, stnng,
rder o -

In "order to see what heating does to metallic solids,

place two stands 18 inches apart. Stretch a wire tightly

. between them: In the center of the wire, hang the weight,

suspending it about 4 inches from the table. Carefully
measure the distance. Now, heat the wire by moving the -

flame back -and forth. Again measure the distance of the
wezght above the table top. See what happens when the

wire, cools. Try different kinds of wires. Explain what-

happens to bridges and roads in hot and cold weather. What
happens to elastic in clothes dunng long penods of waslung

. in hot water?

) Tmcher Notes:

Tlus expenment shows that metal wires will expand

updn being heated. The amount of expanding will depend

upon the type of wire under investigation. Bridges and
roads will expand during the hot summer months and
contract durnng the relatively cold winter months. If

a bridge is located near the school, take the class to its -
location and view the built-in expansion joint provided -

in its design.

 Activity 142

(.

Objective: . . L

The student will determine the ablhty of various
materials (solids) to conduct heat energy .

‘What to do? .

Materials needed: plywood (’1{; inch) 2” by 87, pieces

to lose heat more slowly,and metals are found to be good
conductors of heat.

HEAT TRANSFER

" An understanding of how heat moves from one dbject -
to another is essential in helping to reduce wasted heat.
energy. Heat is transferred from one object or place to
another by conduction, convection, or radxanon We sha.ll
consider each of these in turn.

" When the bowl of 2 metal spoon is held in a candle
flame, the handle will begin to feel warm. This is heat
transfer by conduction. If one end of an object is heated,
~the miolecules .in that end are speeded up. They strike the
molecules next to them with harder blows, causing them to
move more rapidly. This mereased motxon then progresses
down the whole object. Metals are the best conductors of
heat, while wood and cloth are poor conductors. ’

The movement of heat by the flow of molecules is
called convection. It is ‘the transfer of heat by the

"movement of the heated material itself. Convection occurs

in liquids and gases, where the molecules move about more
freely than in solids. For example, a hot stove in a room
heats the air around it by conduction. The heated air

- becomes lighter .than the colder air surrounding it. The

of copper, aluminum, brass, iron wire about 6 inches long, -
“paraffin, bunsen burner or strong flame,tape

o What materials will conduct heat energy best? Begin

‘by dipping one end of each wire into melted paraffin until a
_Iarge ball of paraffin fo- <
"‘as in a fan shape, so

. Then, tape each wire to a board
...at all of the ends opposite the
paraffin come to a point. Finally, heat the wires at the
point where they join together. Which paraffin melts first?
Record the results. Will a maferial which conducts heat
slowly, lose heat slowly? Are all metals good conductors of

heat?

Teachers Notes:

A material which conducts heat .slowly. will tend

' _'56
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warmer air thus rises and is replaced by cooler air. Then the
cooler air is heated and rises. This continuous movement-of
heated air away from the stove, and cooler air toward the
stove, creates a convection current. Eventually, all parts of -
the room are heated.

. The movement of “heat energy in the form .of
electromagnetic waves is called radiant heat transfer. -
Conduction and convection require the movement of
moleculés, but for radiant heat transfer, molecules are not -
necessary. The light and heat of the sun are transmitted to
earth by waves which travel through the vacuim of - 5pace
~ where there are practically no molecules. . .

An open ﬁreplace gives heat to a room mamly by
radxauon

Actmty 143
Objective: '

. The student wﬂldemonstrate the effect of heat being
passed through a solid medium by the method of -
conduction. .

‘What to do?

Materials needed: several paper -clips or need]es,“: o

candle in 2 candle holder, steel rod or large knitting needlw
about 14 inches long, pot holder.

Tie a small piece of thread to each paper clip. Lxght
the candle and let some wax drip onto the holder. Use the ]
hot wax drippings to hang the clips, by their threads, from
the steel rod. The clips should be an equal distance from
“each other and about 1% inches in from the ends. Grasp the
rod with .the pot holdetr, and' hold one end | in -the

: amdle flame. Observe what happens to the clips.

o ‘\



Teacher Notes:

Heat is transferred from one end of ghe steel rod to
the other and the clip nearest the flame will fall off first
when the heat melts the wax.-In turn, each succeeding clip
further down the rod will fall as heat continues to be passed

" “on its way. This ~action mdlcates heat transfer by

conduction.
Activity 144

' Objectiwe:

*“The student will observe the effect of heat' movement
in a liquid by convection.

' What to do?

Materials needed: large beaker, wirg gauze, alcohol
burner. or bunsen burner, thermometer, potassium
: permanganate crystals. »

Fill a large beaker with cold water almost to the top.
" Set it on the wire gauze on a beaker support. Place the

alcohol burner under it with the flame at the edge of the .

beaker. Allow it to heat for about a minute. Is the warmer
water at the top or the bottom of the beaker? Check the
-water temperature with the thermometer. Empty the
beaker and replace with a beaker full of cold water. Drop a
small crystal of potassium permanganate into the water
above the flame location. Observe what happens when the
water is heated .

. Teacher Notes: .
. ~ . X
As the potassium permanganate crystals dissolve, the
purple color will rise in the solution when the beaker of
water is heated. The upward movement of- potassium

Place a 200-watt light bulb in a lamp. socket and
connect it to a power source. With some masking tape, tape’
the socket cord to a support rod which Y¥¢high enough to
permit the bulb to hang 2 ft. from the e. Place your
hand _directly under and about 2 inches<from the lamp.
Turn ‘on the lamp. What effect does this have on your
hand? Hold a tablet or book between your hand and the
lamp. What change in the effect was noticeable on your
hand? Next, place your hand about 4 inches above the
lamp. Is the heating effect- the same as it was previously?
Again, move your hand below the lamp. Gradually lower
your hand, increasing the distance from the lamp. What
effect does- distance have on heating by radiant heat
transfer?

Using the thermometer, measure the nonnal room

. temperature. Then wrap a piece of aluminum foil tightly

around the bulb of the thermometer. Hold the bulb about 2
inches below the lamp for about three minutes with the
bulb, turned on. Note the temperature. Repeat the
experimerif using a small piece of black plastic electrical
tape around the bulb of the thermometer. In which case .
was moke heat absorbed? What color clothing would be

more comfortable during the summertime, black or white?

(

N\
Teacher Notes:

.* The 200-watt light bulb gives off radiant heat energy

“in all directions. The radiant heat energy is absorbed by

most objects located in the path. of the rays. The further
the object is located from the source of energy, the fewer
rays will strike a given area of the object’s surface. Thus,*
the heating effect is less intense at a greater distance.

The aluminum foil tends to reflect the radiant heat
energy. The black tape tends to absorb a greater portion of

~ the rays. One should observe a higher -temperature on the

permanganate color indicates the movement of the hot

water by convectxon currents
Actmty 1-45
Objective C -

i The student will demonstrate the effect of heating an
- object through radlant heat transfer,.

What to do?

Materials needed: 200-watt light bulb, lamp socket *

with cord, masking tape,. thermometer, alurmnum foil,
black plastic tape. ,

57

thermometer with the black tape than with the wrapped
aluminum foil. This experiment would indicate that

. lightcolored clothing worn in the summertime would

reflect more radiant energy than black and therefore wouldt
be more, comfortable

Activity 1-46

Objective:

The student will identify the methods of heat transfer
in various snuatlons related to the saving of energy in the
home. .

What to do?



50 ways to. sa

Recently a newspaper published an article concerning .

SUGGESTIONS

7

1. Brail foods rather than

fry or bake, -
Explain: |

. Thaw  frozen. foods
before cooking.

. Explain:

. Don’t use the oven to

quickly heat the kitchen.
Explain: F

. Set the refrigerator at 30

to 32 degrees Fahrenheit.

- Explain:

. Close the ré:f'r‘igerator on
a dolar bill: If it slides .

out easily, you need a
new gasket.

4

. Use wan'ﬁ, not hot water;
in the clothes washer.

Explain:

. Lower the. thermostat

two' or three degrees
extra in winter when
entertaining a large group

" of people.

Explain:

- Keép furniture and rugs

from blocking heating
and cooling outlets, .

Explain:

. Don’t run window fans.
when the air-conditioner -

is on.

Explain:

CONDUCTION

ve energy -in the home. Some of the
. Suggestions pertaining to heat loss and heat loss prevention

58

.

are listed below. Indicate the primary method of heat
transfer which would be affected by each conservation
measure. Briefly explain why you made each selection?

 CONVECTION RADIANT HEAT
-
€ v
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. SUGGESTIONS

- 10.

11.

.12,

13.

Seal spaces afoun_d attic
stairway ~doors  and
Explain:

Clbse, draperies’ :and
shades - to . reduce
incoming heat on

summer days:

Explain:

.Open drapcri&c. and

shades on sunny winter
days. Co

Explain:

Draw window shﬁd&s and

drapes at night in the

- winter nme

. Keep fireplace damper

' shut when not in use.

Explain:

p

/
(
CONDUCTION

d

* CONVECTION _

3

Perhaps you can think of other suggestions not already included in this list. If so, please list your suggestions below. .

15,
16.
17.
18.

19,

20.

- 21,

59



ENERGY TRANSFORMATIONS

We have already seen that energy ‘an be_converted

from one form to another. But no one has ever found a way-

- to create energy out of nothing. Furthermore, there is no
known way of destroying energy — energy is never lost.
Under special circumstances, energy can be converted into
matter and matter into energy, but this is still
transformation, not creation or destruction of energy.

One of the biggest problems with energy is the fact

* that when energy is converted from one form to another,

some . of the energy is wasted. It is not destroyed — it just

changes into a form where it is no longer of practical use. -

This form is usually heat, which escapes and is eventually
dispersed into space, never to be seen again. .

Of course, heat energy can be converted into other
types. of energy, but a great deal of effort must go into the
transformation. On the other hand, other forms of energy
can be converted into heat much more easily. There thus

seems to be 4 definite direction in which energy seeks to:

flow, and this direction is toward a dilute, scattered form of

energy . Scientists call this form “entropy”, and its precise.
definition need not concern us. In practical terms, it means -

erergy that has become so dilute and scattered it cannot
be used ever again to do work. L

This inherent wasted heat energy represents - a
permanent challenge to energy conservationists. It is
energy “down the drain” as far as providing useful work to
meet energy needs. We must leam to reduce energy waste
to acceptable levels, keeping in mind that complete

elimination of energy waste is impossible. .
Activity 1-47 o _
Objective:

The student will examine  the interchange'able
possibilities of -energy, beginning with mechanical energy
“and ending up as low quality heat energy.

What to do?

Using the transpatency entitled, “Energy changes
. from one-form to another”, follow the transformz: )
~~ mechanical energy to heat energy. :

Activity 1-48

Objective:

~ The student will determine the enefgy transforma-
tion that take place when a bulldozer pushes a boulder
to the top of a hill, and the boulder rolls back down to the
bottom of the hill. :

S .60

What to do?

The student will examine the energy transformations
in the following situation: Suppose a boulder lies at the
bottom of a hill and a bulldozer is used to push it to the
top. What energy changes occur in getting the boulder to
the top of the hill? What form of energy does the boulder
possess.at this elevated position? If the boulder is allowed
to roll back down the slope; what energy changes are now -
taking place? What has happened to all the energy when the |
boulder reaches the bottom of the slope? '

)

Teacher Notes: -

" In pushing the boulder up the slope, the bulldozer is
gradually converting kinetic energy to potential energy as
the boulder is elevated higher and higher. The engine of the
bulldozer burns gasoline (potential energy) to create
thermal or heat energy. The heat energy produced in the .
engine is: converted into kinetic energy of the moving dozer
and boulder in front of it. In moving the boulder, some of
the energy is converted into low quality heat and noise
energy. In going to the top of the slope,the energy of the
boulder is converted into gravitational potential energy.

In rolling down the slope, the boulder is converting

~ potential energy partly into kinetic energy and partly into

heat energy (heat is produced by friction as the boulder
rolls down the slope). Eventually, the boulder comes to rest
when all of its kinetic energy has been converted into heat.
In*this entire process, the rolling boulder leaves a trail of
heat that -is soaked up in the-surroundings as low quality
heat energy. ' . S o

© Activity 149 _
Objective: )
The students will examine the loss of energy in
energy transformations. T ' .
What to do?

Refer the students to a mimiographed copy or
transparency of - the chart entitled “Energy
Transformation.” Discuss with the students the loss of heat
energy with each energy transformation. Assign one
transformation step to each student for research. Questions
for each student to consider: How does the actual loss of
energy occur? WHat steps are or could be taken to minimize
the heat loss? Is it possible to completely reduce energy loss
at that step? What happens to the heat and light energy
delivered by the light bulb? Where does all the energy -
“disappear” to? ’

-
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o Thermal Unig, or BTU. .
energy that xnusf'be supplied to oné pound of water to raise
“its _tcmperatuu one degree Fahrenheit.

MEASURELtENTSOF ENERGY

_'/1

We necd/ ‘not concem. ourse]ves wn.h many '

sof:h:sﬁcatad terms in energy measurement but we do need

- . somie basu: dgﬁmuons to serveaas tools in talkmg about .
energy. * ~

A basic unit of cnergy measurement 1$ the Bnnsh'
One BTU is the amount of heat

Energy from all fueis can be converted to BTU’s

: _'Approx:mate conVerm0n rates are as follows

2

142, gauon bl of Ol .cevererrivens 5.8 milhon BTU’s
l-cubi¢ foot of natural gas.........coeccueeennne 1031 BTU’s
l-kllowatt hour of electncxty S 3413 BTUs

. -ton of coal......... 25 million BTU’s

The word POwer refers to the amount of energy used

or produced in-2 giver amount of time. One important unit -

of power is the Watt. One watt is equal to .00948 BTU per
second. One lglawmt is 1000 watts, while one megawatt is
1,000,000 watts.

: - The kilowatt-hour is the familiar measurement of

electricity. A ]leWatt-hour(KWH) is 1000 watts of power-‘

used for one hour.
. All- elecgrc apphances and light bulbs are rated in

. watts. 'For exagple, 2 100 watt light bulb-wil light for 10

" What to do?

hours with one KWH of electricity: An applicance with a
rating of 100Q watts Wlll run for one hour on one KWH of
electricity. -

In biolggcal processes, the unit of energy is the

A

: A Heatgwenbythetrunnngofone ton ofcogal \
Teacher Notes S o Pt
" Answers:” . o 'T«'_ T ’
13 A human bemg Tequires 341 BTU’s of energy for one:
hour of normal activity. - e
24 Hyow ‘failed to recycle 2 alummum cans, you would
waste more: energythanmuseddaﬂy by apersonm .
©* poorer lands. .
36 A frostfree refrigerator uses. much more energy
" than a manual model.
4-1 The US. level of energy consumpuon is 6 tnmes as
. Ihigh as the world average. -
5-2. These types of dishes conduct. heat ‘more effectwely .
and thus do not require as hot an oven.
65 This amount, 174 million _pounds, requires a
~ substantial yield of 315 square miles of forest for one
.77 - The heat potential of one- cord of wood (80 cubic

calorie. One calorie is the heat required to raise the

temperature of ofte gram of water one degree Centigrade.
The Calorie (note upper-case “C*) is called the kilocalorie,
and is equal to 1000 calories. One Calorie is about 4 BTU.

'Actmty 1-50 *

) Ob]ectlve

The students w111 matgh various energy equivalents.

What equ what” :

Try to f'md a match for each of these Be mreful they may ’
- fmrpnseyou’ ' _ ; . _

Energy eqmvalent of 1 barrel of oil

=

‘cans using recycled aliminum.

- 3. 3 months worth of - electnmty‘ for a frost-free

refrigerat of - 7 omo -

Energy used for the manufacture of 20 alummum

Total energy use of 800 million Ch.mese in oneyear ’

4,
. 5. - 350 degrees in your oven.
6

Paper needed to package food in 1 Amermn fast

food chaipin 1 year.
7. Heat given by the burning of cme cord of oak wood.

i

63

:' 5 ;’ 174 million, pounds of paper..

ENERGY AND THE LIVING WORLD

3
"&i

". { ..‘

Energy used by the air condmoners of 200 I
.’Americansin one year.

7 325 degrees in"your oven ff you “use stamless steel .
:.', ceranuc,orglassdxsh

3. .. Edergy-equivalent of a man at hard labor for 2 years:
4._ Energy used in the manufacture of al'urmnum can -
- using énly virgin aluminum.. :

- .

6. -1 months’ ‘worth of electncxty for non-frost-free
refngemor ' :

‘ fget) equals the heat potentizl of one ton of coal.
Courtesy of* Park” Pro;ect on Energy Interpretauon

. National Recreanon and Park Assocxauon:c-

T -
~ .

:q,. We have discussed various forms of energy, and their

 transformations. Later modules will deal with how people

use these forms of energy to do work for them. But before

we leave the general topic of energy, we will see some -

aspects of energy as it pertains to the world around us.
" As we have said before, the sun provides the energy

 that sustains life on earth. The sun has probably existed for
some 5 or 6 billion years. It is really just an average .-

temperature, middle-sized"star witen compared with the rest -
of the stars.in the universe. What is so special is the earth’s

location in relation to the sun. The earth is just: the nght
distance from the sun to support life as we know it. -

The exact source of the sun’s energy is not rfeally
known. It has been theorized that the sun is a giant fusion
teactor, fusing hydrogen into helium and converting the
mass difference into energy. It is believed that the sun

* produces more energy in one second than has been used by
* all people throughout human history.

The tremenddus energy produced by thé;sun radJates

ke
i

out in all directions. Only a very small fraction (one, -

.. - two-billionth) ever reaches the earth’s atmosphere. Not all = ¢
" of”this energy reaches the earth’s surface. In fact,40 per - °

Loe *
N -

®



- radiation. All other organisms must th

e
a

- cent of the solar radiation is reflected back to space (n;ainly -

by clouds); 17 -per -cent- is. directly absorbed by the
~ atmosphere; including water vapor,. clouds, and dust. The
.- remaining 43 per cent is absorbed by the earth, and is used

to power the winds, water. cycle, and ocean currents, and to
. support life. Actually, only about oné per cent ‘of the
incoming solar radiation ‘is used to support life through
, photosynthesis. Figure 6 shows-the distribution of the
. various proportions of solar radiation. . - R
., The earth’s atmosghere plays an impeortant part in .
-+ regulating the temperatures here on the earth. Because of< -

~our atmosphere, we do not ‘have the large temperature

- fluctuations that are found on-the moon, which i of
5 ..+ .again in the tissues and fat of:the animal. Thus if an anirmal .
- 1s eaten by. another, the first animal is providing energy for - =

- course, the same. distance from the sun as we are. - , .
- Another benefit provided by the’ atmosphere is what
is called the “greenhouse effect.”.We. have said that.43 per
‘cent of. the radiation from the sun, mostly visible light;
“passes through the“atmospher¢ and is absorbed .by the
earth. This is transformed into heat (infrared radiation) and,
- is radiated back toward space. The water vapor and carbopn
-dioxide found in the atmosphere are good absorbers of
heat.: They then trap much of this heat energy and prevent -
it from -immediately eScaping back into space. This keeps
-the, average temperatire of the earth higher than it would
be without the atmosphere (Figure 7). S
+ . The greenhouse- effect is alsothe center of one of our -
- modem-day controversies; One group of scientists is -
proclaiming that,” becatse of all the smoke we are’
generating by burning “fuels, we are going to block off -
“enough incoming sunlight to lower the earth’s témperature *
- several degrees, which would be disastrous.- Another-group
of scientists arguesthat because of the large afnoupt of
carbon dioxide-'we are generating; -also through, burning:
fuels, we will trap more heat in the atmosgBErg, which
would raise the temperature of the earth several e€s and
also. prove disastrous. Might the production of energy

v

. prove in some way to be the downfall of the human race? -

Only green plants can directly use the incoming solar
en depend on-the
. green plants for their life support. ’ . .
~ Green plants use solar energy. in the process of .
photosynthesis, where the sun’s energy is transformed intc -
chemical energy and stored as food. As'the sun beams down
on a gieen plant, the plant is taking miolecules-of . water,
minerals, from the soil, and -carbon dioxide from; the.

molecules into various new arrangements to form sugars,
starches, prcteins and vitamins. These new .molecules

- contain the chemical energy that other organisms will then -~ .

‘use to sustain their li
" photosynthesis. I :
o The process: whereby animals' use- the energy stored

by plants is called cellular respiration, and is really just.the

fe. Figure 8 illustrates.the process of

-

- . opposite of the process of photosynthesis. In cellular *

respiration, the food molecules (sugar, starch, and protein)
¢ are torn apart.and energy s released, while carbon dioxide :
and water are produced. The energy released is thén used

\by the animal for motion, growth, and other life processes. '

Some of the energy from the plants is also stored

- the next animal — energy that actually originated in the-
-~ This. process of passing on the sun’s energy can -
. contintie for only a limited time, because as_in most energy
transformations, energy is being lost 3t each step of
conversion. As the energy is passed from one Brganism to
the next, most of it (80 to 90 per cent) is Ig through
- respiration 'and heat, and only 10 to 20 per cenf is available -
. to. the next organism. Because of this loss, a country that
eats much meat, like the U.S., has to produce. many times.
more plants (grains) to supply everyone with food than a

‘counttry such as India. or China that eats more of the plants ~ .

directly. In other words; gating meat is really-a ‘waste-oft .-
“energy because so much oF the energy. is lost as the com -
and wheat are transformed iato the meat of the animal. |
Figures 9 and 10 help fllustrate this fact.. . . - - .
' The sun. provides thé energy. for .many other
phenomena besides life support.. Wind is caused by the .
uneven heating and coolingiof different parts of the earth
by the sun. As the temperatures of two different regions of -
the earth’ differ, -the air:pressures over these regions also.
differ, and winds are produced (Figure 11). The energy in
these winds may then be used for'various purposes,
including steering weather systems, driving océan currents,
shifting desert sands, and powering some machines.

- The sun’s energy also drives what is known as the -

'wé;ter-cycle (Figure 12). It all begins with the sun causing -
evaporation of water from the land and oceans. The water

vapor later condenses and falls back to-the land in the form _

of rain or snow. Gravity. causes the water to run from the -

atmosphere, and js using the sun’s energy, to.combine these 7:; - “land b_}ck to the ocean. “
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| Acﬁ;ityI;SI
. uOb_]ectrve : ST .-.-'

-, The student will be able to observe how the angle of
the sun’s rays on a surface controls the concentration of )
- energy on that surface :

‘What*-‘to do? - - ' -
‘Materials needed: Stiff paper, source of light
Shine a light through a square hole in a piece of stiff
paper onto another piece of stiff paper. What happens when
you hold the two pieces of paper parallel? What happens
- with the secon.d’paper at an angle? What happens when you
move the second paper farther from the light? What does -
this show about sunlight on a slope as compared to sunlight .
on a flat field? Compare the sunlight when the sun'is
straight-overhead to when it is low in the sky : '

[ (N

Teacher Notes

. Sunlight on.a slope is more spread out: (less’ o

" concentrated) than sunlight on a flat field. When the sun is
low in the sky, its hght is less concentratec than whenitis
»ovcrgead o .

“\ r

Objcctive"_ o ‘_"

The student with the aid of a light meter wﬂl detect
various concentrations of sunlight.

What to do? .

= Have ‘the studegts measure the light available to
different " plants by measuring “different outdeor areas
(around trees, open areas, etc.) with a light meter. Compare
the results in a chart and discuss.

Activity 1-53 .
ObJectWe ‘ &

o g ,The studmtswﬂl dramatrze how energy}s dlstnbuted
LA ‘throughafood web Lo o S .l

R What todo?”

.o Usmg puplls fo represent the components, construct I
modelsof two or.three simple food ¢hains and then convert
them into a food web. .
Prepare cards lettered w1th Such labels as sun, soil,

.. shrew,” TOkin,: garter _ snake, .rabbit, o oldfirrch,
.+ sparfowliawity beetle, fungi, bacteria. Prepare enough cards
‘to supply about half the class; let the other half serve as an
- audience. You will also need -a ball of string which can' be
.\~ cut to‘convenient lengths and 'used to connect the lznks in -
- -the foodchamsandfwe Lo o - :

wll Toxt Provided by ERIC

~_~green plagts;- mouse, grasshopper, earthwormksgml frog,>
wl

Asxgn the cards. to pupils. Have the two- pupils-

representing -the ‘sun and green plants hold a length of

cord between them. It is important to place these students
in the center and allow the remainder of the web to develop

" around them. Now connect ‘one of the herbivores (plant

eaters) to the plants; follow this with carnivore (meat eater)
linked to the herbivore. At first the components will depict
simple food chains, but as'more and more-components are
added, crosslinks between -the herbivores and carnivores
begin to be evident and the food web congept is developed.

Questlons to ask.in discussion:

1. Whyis the sun necessary for all Life?-
2- What is.the source of food used by animals? -
3. In a natural environment, if all the members of .

o a particular species such as grasshoppers were .
removed from the food web; what would be the - =~ .
effect? (This point can be. emphasized’ by
removing the appropnate pupil from the
model)} - . .. .

4.- As a part of a,food web, how does a hurnan -
differ from all other orgamsms" ’ .

Teacher Notes:

The sun is necessary because- it is the source of energy

~ that plants use to produce food. If a species is removed

. -from the food chain, the animals that feed on that species
“would. have to find another food source; “migrate, or starve.

‘ ‘Since the elimination -of a species means that -there is less -
total energy (food) available in the system, some members

of the system will have to be eliminated in some manner.
Humans are unique in that they.can consciously manipulate

the components of a food web. This manipulation often
endangers other species. Humans alone have .the ability to
understand the complex interactions of nature, and also the *
obligation and responsﬂ:)ihty to preserve the balance of the

food web.
Activity 1-54 )
Objectlve'
. The student will demonstrate that a green plant needs
- sunlight to produge food - _ L s )
What to:do" ~" S . ' - - ’
oy

Matenals needed: A geramum plant black paper,
paper clips, alcohol pyrex contazner hot plate 1od1ne
solutlon - i P \ ?

"Cover two 1 ves of a geramum plant w1th black

4*3?

paper and paper clips * one should be- partlally covered and -

one completely covered Leave a ,,tlurd leaf completely
exposed. Put the plant i’ a sunny window for three days. |
Rémove .the paper -and put each leaf in a_separate hot
alcohol bath and shake for 20 minutes. (Do not use an open -
flame ‘around alcohol.  Use a hot plate and be mreful')
Remove and -test. each leaf with-a. few -drops of iodine

‘_ solution. Observe the color changes m cach feaf- Whore did-

 the colat changes appcar" g . o ) . o
/ P et N . . -

K . . . . PRI . 7.



totaleeplace_ and it is ther

+ Teacher Notes

.

v purple color mdrcates the presence.of starch wluch

is-'made during the process of - photosynthesis. Where
sunlight was able to-réach

t,starch exists.

Activity IS5

. Objective:
S e

Fl

What to do" .
' Matena]s needed:  Seeds, potting = soil, ‘pots
fluorescent lamp, light-tight bo

-Grow three plants (‘beans Or peas are a good choree)

| "in potting soil. Place one of the plants in 2 window where it -
- will receive light throughout the day. Each day turn. the pot

around so that the plant gets equal light on all sides. Keep

~~another-plant under a fluorescent lamp that is on 24 hours

a day. Place the third plant in a box that is light-tight.
Remove the plant from the box for only-five hours daily,
and"during that time place the plant under the Jamp. Give

 .each plant enough water to keep the soil slightly moist.

Compare the growth of the. plants

Bd "I‘eac.her Notes

-
. e

Lo,

The plant under the lan‘m wrll grow faster bemuse it

: rszreoemng the most energy. The one in the window will be

the second fastest grower, and the one gettrng the least *
" energy w111 grow the slowest : :

-Actrvrty I-56

ObJectrve

leaf, photosynthesis was able

.. » 'The student will deterrmne how Yarying ‘amounts of
. hgrt affect the growth of green plants. '

The student, ‘will mak‘e a model of how wrnds are

caused on the earth ‘

Zl

What to do"

Materials needed:. Cardboard or wooden box, pane of ' )

‘glass or clear cellophane to fit over the largest side of the

box, 2 lamp chimmeys or mailmg tubes or tubes from aroll
of paper towels, candle.

. Cut out the largestiside ‘of the box and-eaver it with .
the clear material. @t two holes in the lone side of the -

box. Secure’ the tubes or,

‘over the holes:Placea

+ short. candle wnder one. of the openings: Light the candle. .
Observe what happens. Trace the air. currents by holding a -

smokmg paper over the chrmney wrthout the eandle

Teacher Notes:

The candle represents 2 warm, _region of the earth’s

surface The smoke-goes into: the box through e hole

vyhere =there is, no mndle, and then back out of the box_

- -

o . . A

I'4

73

: Actmtyl-5_8': =

-

through the hole where the mndle is. Thrs happens because
. the warm air is hghter than the cold air and is berng pushed
" up by the cold air. . '
o

Activity 157

/

Objective :

, The student wrll demonstrate one way in whrc.h S
unequal temperatures can occur on the &rth s surface.

What to do?

‘ Matenals feeded: Two 500 ml (or larger) oontamers o
four 0 to 100 degree C thermometers, soil, water, graph
paper, 200 watt lamp (with reﬂector if possrble), ring stand
and clamp. - -

-Fill one container half full of soil and the other half
“full of water. Arrange the thermometers so that one is lem
under the"soil surface, the second is 1 cm above the soil, ‘the
third is 1'cm under the ‘water, and the fourth is 1 cm above:
the water. Suspend the light 20 to 40 cm directly above the

containers. Turn’ the fight on and record the temperatures - .- -

on each thermometer- every minute for 10 minutes. Tum
the light off and record the temperatures each minute for -
10 minutes, ' . -

Put your data on a graph
: Questions to answer: .
1.  Did the soil or the water heat faster? .
2. Which heated faster — the air over the soil. or
" the air over the water? Why? -
3. Which received more energy ~ the sofl or the
water? Why?
4. - Which cooled faster — soil or water?
5. Which one might be conmdeted aheat source in
- * . winter? Why?.
6, "Would land of water be a source of high air
' 7. presure during the’ summer" Why" _
. Teacher/ Notes:

-

Th‘e general shape of the graph is shown on
the followrng page ‘

, The soil*heats faster than the water, and the air over
-the soil heats faster as a result. Both containers should have
received the same amount of energy, since they were the
same distance from the lrght The sorl also cooled faster
‘than-thé water. Since watey cools more slowly'than land, it

- would prohabLy be warmer than adjacent land dunng the

winter. Water would also be a' source! of hrgh pressure
during the summer because the air over it is cooler, and
therefore heav1er ’ : : ‘

Objective:

The studeut will examine a plctonal representatrve of
- the role energy ‘plays in. the world, and the 1nevrtable
destmatron of energy low quahty heat.. .

N -
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Refcn students - 'to " a nnmeographed copy dr

uman ‘Tounst Version ™
Justrates: the “aownhill” movement

ency of “Ener
u?»'vs This i

Coof energy through our. ecosystem. The teacher may wish to -

‘M

-~

4

. .

) v

. .
L

e < .

describe for the students how-the cycles represented in the
dxag;ram give off wasted-heat energy with each transforma-
-tion process. This diagram does not intend to be a detailed -

descriptioh of what takes. place, but is‘a tool fo- help g

: students understand the generai conoepts involved. .
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From their earliest history, human beings have sought

to. minimize their labor through the use of tools. Early .

hunters used tools to kill animals, and thereby -stretched
their own biological energy, derived from-sunlight in the
form of food to get more energy from the bison and
mammoth.

The most vital discovery during the stone age Was
how to make fire. -

During the later I\«ohth:c penod humans used'stone
tools. for. agncuhure and were ablé to produce renewable
crops. The first stable communities began to deyelop, and
various forms of housing were built. These . primitive:

' ‘-dwelhngs were. all designed to ‘meet the climatic needs of
the area in whlch they were located. Thus communities -

could flourish, since the population did not have to migrate
with the seasons to-escape unfavorable weagher conditions.

Further technological progress brought the ability to
mine metals and use fire to forge .them into tools and
. weapons. First came copper, then bronze, -which is a
mixture of copper and tin. Following the Copper and

Bronze Ages came the Iron Age, which may have begun.in °

, Africa or the Orient: about 2400 years ago.
' Before the time of the Greek and Roman civilization;
:the only srgmﬁcant energy sources were natural ones. The
-power of falling water was used in' basic industry, agriculture,

" and grinding grain. The power of the wind was used for

‘ships,” and fire from the burning of woed was the major
energy source for industry. Much of the mining and
mechanization in early cultures-and certainly ixGreece and -
' Rome-was for the purpose of improving weapons for war.

~ “The major source of energy in both Greece and Rome .

was the energy of human bodies--particularly slaves. From

the Greek and Roman era fo the beginning of the Industrial

Revolution. sophisticated tools were developed, but they

were powered by humans or animals. Yet the idea of a heat

engine-a device that would use heat to do work—had been
envisioned as early as 75 A.D. by the Greek mxentor Hero.-

He made a toy wh: h would spin as steam was expelled

through vents.

.~ . Toolmaking and architecture were the primary
" developments between the fall of the Roman Empxre and
ie last few years of the 17th century. Many significant

ventions were developed during this tigne. This was the
time of Leonardo da Vinci. but the. application of his
mechanical discoveries was limited by the absence of energy

““sources: Technical advances during this time included the
printing press and the mechanical clock.

These years in European history were an era of great

* intellectual and scientific advancement. This was the dawn™"

‘of Galileo’s physics, Kepler’s astronomy, and the
mathematics and philosophy of S

‘Newton. Some of the great laws o

The spirit of the era was discovery—of
applied sciepce..

But to bring, about\the era of modern technology. an
engine was necessary that could use an energy source and

produce useful ‘work. The water mi i

nature were conceived.
world and of

. 7 transportatfon began.

inoza. Descartes, and |

o Weim indusrial

of the 17th century, this engine appeared, In 1698,&
Englishman Thomas Savery obtained a patent for a maching
which used fire to boil water, generating steam in a boiler
for use in draining water from mines. His steam engine

pump was soon improved upon, and these engines made
possible the deep mining of coal, which had previously been

hampered because of the burldup of underground water in .

.the mines.
Englishman James Watt patented a vast]y 1mproved

__-cengme in- 1782, and by this time the steam engine had
‘become the forerunner of mechanized civilization. They

were used for pumping water and supplying power to
“textile mills, rolling mills, and flour rmlls\rz

could use high pressure steam, miaking.the engines much -

*. more efficient. With Robert Fulton’s successful operation

- of the, steamboat Clermont on the Hudson River in 1807,
and Rxcha_rd Trevithick’s use of a steam locomotive to
transport coal in Wales, the:modem era of mechanized:

Little was actually uhderstood about the theory of

. these engines, until the rise of the science of
thermodynamics. When these scientific principles came to
be understood, bigger and better engines.could be built.

- Up untl the second half of the 19th century, the
Umted States’ energy sources were primarily muscle power -
of humans and animals, along with wind, wood, and falling
water. Ninety percent of the fuel burned in 1850 was '

« wood. Coal accounted for only 10 percent; despite the .
presence of plenty of coal and the technology to use it. The

. extensive cutting of forests in the east raised the price of

wood and increased the distance that it had to be

- transported to ‘the growing cities. So the demand for coal

sky-rocketed -until in 1885 .coal,surpassed wood as the
dominant fuel."In 1885, .coal was used to fuel the railroads,
to make coke for the steel industry, to power miscellaneous
industries, and to provide, residential fuel. Coal was to
remain the dominant fuel well into the 20th century.
' During the 1800’s, pressure in¢reased for better and
“cheaper lighting .methods. The various oils bumed to’

produce light were* expensive, explosive, or otherwise
unsatisfactory. England had developed a coal gas pipeline -

network for lighting, but the scattered population and
undeveloped coal industry in the United States made such a
network generally impractical. Finally, an Englishman
devised a method of producing oil from coal, which he
called coal oil or kerosine. By the late 1850’s, there were
many kerosine plants in the Eastem U.S. Then some people
began to notice a resemblance between the kerosine and the
largely useless “rock oil” that came out of springs and wells;
in western Pennsylvania. In- 1857, a Yale chermstry
“profe;
called e Pennsylvania Rock Qil Company, gave his report
‘on some of this oit. He concluded that some *‘very valuable
" productsX, might - be maufﬁtured from it, Drilling, rather
than digging, turmed out to be the bes\{ay of getting to
the. oit, and so i September 1859, in Titusville,
Pennsylvama oil was stiuck at a depth of 69 feet. This was
#not the first oil well in history—the potential value of oil
had been ‘recognized centuries before. But i was only in the
world of the tm.e that science,

'

later - -
‘breakthrough came with the development of engijes that *° °

r, hired by a group of Pennsylvania entrepreneurs. .
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- teg:hnolbgy, ',hnd' society all came ftogether -at’ a. point
. .. ~mecessary for oil to be exploited as the concentrated fuel-

'« - that would eventually replace coal. © .

" electric power especially suited to the concept of .the
assembly line; and the ‘nughber of electric motors-soared. -
Electricity thus.‘made pfactical the-'mass préduction of .

';;’iglenﬁons included the reaper, the
- ~ binder. Such inventions were necessary t

e po
-.development, They

* automobiles increased at a remarkable pac2~from 8}
. 1900, to 194,000 in 1908, to more than 8 million in’1920.

.. ‘.- The crude oil was made mostly intor kero'sin@c')rhe
of -the'.othgr products were lubricants, necessary for

increasing mechanization; and fuel oil, whose use grew

- as it began to replace 'coal for firing boilers for steam

generation. ‘ ) )

- The use of steam for railroads and,_ships was a great
step for transportation, but coal was too bulky and
inefficient for use in any smaller scale vehicles. What was
needed was a smaller engine. In 1870, inventors began
testing an engine using gasoline in a compressed air-gas

. mixture. Up until this time, gasoline had been-a generally

‘useless by-product .of kerosine 'refining. In ‘1887, a °

gasoline-fueled engine was adapted to vehicles and the first
Benz automobile was ‘patented. This. engine was the
forerunner of all intemal combustion engines in operation
today. By 1900, many automobiles had been built in the

) Un:s:f States, ‘most of them Steam-drivgn ‘or electrically

red. But the increasing availability of both fuel and. g
- lubricants Tor gasdline-powered automobiles speeded their
ere light, maneuverable, fast,-and

ompetitive in cost. (é'/ 1900, the Oldsmobile switched from,

“Steam to gasoline,! and three ‘years later, Henry.. Ford.

duced  his  gasoline-powered - automobile. _ His
roduction techniques revolutionized industry. .
A milestone in energy history occurred in 1879, with
Thomas A. Edison’s electric light. Edison himself, however,
saw his own greatest achievement not as the light itself, but
as the world’s first electrical power-generating and
distribution system. In 1882, he supervised the building of-
this system to light 1200 lamps in a one-half square mile
area in; New - York City. Edison’s generating station
consisted of four boilers-which produced steam to power
six generators. A
. Electricity made it possible to deliver energy tc
distant sites cheaply and- cleanly. It essentially put the
steam engine at the disposal of every home, business, and

ma

" industry in America and much of the Wes?er.nﬁ'world.

Shortly after Edison’s station  began to gemerate
electricity, water wheels began generating the nation’s first
-hydroelectric power in Appleton, Wisconsin.

_As electricity became more widely ' available, the
number of electrical devices grew dramatically. Work that

+ was previously done by muscle power could now be done

by the new “labor-saving devices,” and mechanization of

" the home was underway. -

The latter half of the 19th century also saw a series of
inventions which "led to farm mechanization. These
ster, and.the twine
evelop the
jety that

agricultural base to support the high-energy s
was rapidly evolving. o

Energy use™in the United -States grew dramatically in
the- first decades of the 20th century. The number of
in

Electrical power generation increased at an amazing

, bace-by 1917 electric consumption was more than seven

times what it-had been in 1900. Factories had found..

-

appliarices,
T

“more _sly

"Texas and Louisiana.

which were themselves electrically powered.
- émergy ‘use in the Unifed States grew much < -
ly “dfter World War I, dnd the shift toward oil -
continued XOil 'overtook coa! as the dominant fuel just-after
World Warll, and has continued to claim an increasing
share of the"waarket. This shift to oil was brought about by
the growing use of the automobile, and the switch from
coal to fuel oil for residential heating and powering trains.
Gasoline’s share ,of the petroleum market increased very
quickly. ‘Two other uses of fue¥also increased sharply
during the, years from the 30’s to the 50’s:! aviation and
farm equipment. The major petroleum ‘product being
produced. was thus changing from kérosine to fuel oil to
gasoline to accomodate the changing patterns in
consumption. Thexe was also a large increase in the use of
asphalt, ar.other petroleum product, to pave.roads. o
 Geographic areas of oil . production were also
changing, from Pennsylvania and neighboring Ohic and |
West- Virginja, to California and. Oktahoma, and then to -

~"Natural gas,-which is ofteafound in conjuﬂcﬁon with

- oil, was mostly, wasted' until ‘the late 1920°s, when it
"became technologically feasible to lay the pipeline to

transport it. Natural gas was clean-burning, convenient, and

+-. cheap, and it thus became the nation’s ptimary household

«

‘fuel by 1960. Gas also found use in industry, and for
electrical power generation. ' .
After World War I, a8 the number of electrical

- appliances multiplied, growth in electrical consumption

accelerated, although overall energy growth was slower.
From_the beginning of World War I, total electric power
demand has been doubling every 10 years. In the 1920’
and 1930’s, coal was the fuel for about two-thirds of the
electric power generated, with hydroelectric power
providing the rest. The shift to oil and natural gas had

- fhanged this ratio significantly, until by 1970, coal had

.~ 80

" been” working to s

. been

dropped to about 45 percent; hydroelectric power provided -
17 percent; natural gas accounted for almost 25 percent;
oil, about 12 percent; and a newcomer to the fuel scene,
nuclear-power, provided about one percent. . ¥

At the beginning of the 20th century, sciemtists were
investigating the rays given off by radium. In 1905, Albert

~Einstein -dembonstrated mathematically the relationship

between mass and energy, although.it was decades before
this theory could be proved. On December 2, 1942, a group

-of scientists headed by Dr. Enrico- Fermi gatheréd under a

squash court at the University of gﬂicago, where the first
controlled nuclear reaction occurred. Scientists have since
harness‘that tremendous nuclear
energy for-the generation-of electricity. The nation’s.first ™~
prototype-Tiuclear power plant was built at Shippingport,

Pennsylvania, in 1957. A

. InthgNyears since World War 1, energy consuming
technology h¥s appeared everywhere. During this period, a
huge fleét of passenger airplanes has developed; there has
an automobile “population explosion.”  Air
conditioning, central heating, television, clothes washers
and dryers are generally thought of as necessities, not

8§87
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luxuries. A tnechanized  agricultural .
oduced 7.5 times the number of
horsepower. in 1971 as “Fthey did in 1940, while the
number of people in the country increased by only 54
. percent. Bven with the slowing populanon growth more”
~ and more energy is being used.

Our country now has a fossil fuel’konomy We use

- these fuels not only to producé energy, but also as a basic

raw material for plastics, pesticides, and synthetic organic
chemicals. Everyone alive today was born years after this
fossil fuel époch began, and we have terfided to act as if we
expect it" to-'go on forever. But Dr. M. K. Hubbert of the
U.S. Geological Survey estimates that in a period of only

1300 years from beginning to end, humans will have
consumed the world s entire available supply of fossil fuels.

indhstry‘ uses,.
“tremendous” amounts ene¢rgy. The various engines that
' perform America’s wo

.

This is illustrated in Figure 1. Thus the world today is on
the brink ‘of transition from the fossil fuel age to some
future €nergy era. As we have seen from this discussion of
energy history, humans have moved from one fuel epoch to
another, not because the old source was depleted, but
because something better had been found to take jts place.
Discovery of the new preceded depletion of the @l)‘ Peaple
did not run out of muscle or wind or.animals-they simply
- found something better. But thjs time there must be a

R “change to some other energy form, and in the meantime,

until the transition is made, we must conserve the fossil fuel
resources we have by cutting down wasteful uses and

increasing the efficiency of what we do need to use. This - -

important topic ‘of conservation-what each of us can-do
persqnally-is dean\wrﬂrﬁ Module » VL
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N 'What to do"

‘(.

Activity i1 "' ., \
Objective: '
Students, will perform simple research to complete
statements on a timeline cover
, development . A o

: Students should gather facts frorn encyclopechas and
other referer;ce materials 'to complete the statements on
the energy trmelme which follows. ‘They will then have a
comprehensive mtrodt}etron to the modem energy story.

“ . S o
A complefed timeliné follows the blank one which
you may copy for your students’ use. This. activity and

some others.in this text are taken from an"excellent booklet
called *“The . Energy Challenge ” which contains -ditto

e . o
, Teacher Notes: —_

“+ -rmasters of many energy-related actmtles This booklet is

a.publication of -the Federal Energy Administration and
“may be ordered without charge from The Energy Challenge,

Box 14306, Dayton Ohio. -
P o

L Activity 11-2 B - ;
,ijecﬁyé:

e The student will consider the difference in hfestyles

T

dused by modemn energy-consumrng devices.

'Whattodo?-.

. Ask students to brmg in household: implements (or

Tes of such unplemen@) which use only mechanical
energy ‘Or Human energy. Include those-used today, as well
as examples of those used years ago—for example,
washboards, -egg beaters, can openers, ‘butter churns, apple
_peelers, etc. Each student could also try to brmg in a
sample icture of the modern ‘equivalent of each older
artlcle—for%example the modern equivalent of an egg beater
would be an electric mixer. A comparson of early
automobiles with current models would be appropriate,
‘along with modemn “extras”-self-starters, automatic
windshield wipers, air conditioning, etc. ~ -

In the days before electricity, what were the
equivalent of our present-day irons? tcasters? televisions?
electric lights? ranges? stereos? dishwashers? hot water
heaters" freezers" washers? dryers"

Qus'dons for diseussion and @earch:

T

g 200 years of energy
- ‘ . ’ g -4‘_-' . ;f:‘:. ) ‘.’ ’ ’

OhjectN_e :

Why the changes? What brought them about? Why
.do people purchase modern energy-consuming appliances-
rather than those which use only mechanical energy" Are
there any, that we could do w1thout"

What effect has the automobile had on life styles

politics, business, and education? What about televrsron,
household electrical appliances? . - -

ot
[

. N N
Activity. I1-3
a R

The student will consrder ‘the pros and cons of ‘the

» “good old days and today’s high energy use.

I

What to ‘do?

~

Have the students hst reasons why they would have

* enjoyed hvmg before electricity was in use in homes and ~

f'

before the “automobile. Have them list reasons why they
wouId not have enJoyed it.

Activity 114, |
Objeetrre . . , [

The student will consider our dependency on energy
sources. ’ . ~
What to do? i )

Have students 'consider\t“n?se questions:

W'hat in your opmron would happen today if.
electncrty were” permanently” shut off? What about
gasoline? Would we survive as well as our ancestors" Why
or why not?

Activity 115

Ob]eCtIVB
Students will discover how petroleum and natural gas

have changed American lifestyles during the past fifty
years.

‘What ‘to do? - . -

Have students interview older members of the

~ community and fill out the question sheet that follows.
- If some students do not have a grandparent or older adult
. living close by, they may want to make a visit to a local
. nursing home or senior citizens’ center. Encourage class

members to think up additional questions of their own.
When the interviews are complete, discuss the answers

together and tally the results. Ask students if they would_‘ '

like to have lived - fifty years ago.

.y

N
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'The Good Old Days? - - . .
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Activity -5 -

o L oon B .
. d .
’ . A . . « -
- . . = ~
R Y - .

\

-’ g . .
" Interview someone who is old enough to remember what life was like before the days of - -
* great usage of oil and natural gas. Ask him or herthe questions thatfollow and othersthat you ~ .
.- think of yoursel/[,\ } . . R
: i |
1. What kmd of I:ghts dld .you use in your home? : - p “
g How was it heated? B -
5 . ° N, )
2, What fabrics were clothes made of? Was cl'othing harder or easier to take care of ?
: : = : .o
. - - . ] N S E-
3. What sort of washing machine did you have? . — ' ; . i
1 ' : . o . - - : ) R
4. What kind of stove (and what kind of fuel) .did your family use for cooking? “
5. Dic? you have a refrigerator? How did you keep your food freslg?
C L ) o, - T/
v . B , . ., .
6. How ‘was food packaged when it came from the store? r .
) _ Whatdid milk come in? L _ e Was your mulk dejwered? __How?

3

v G : . . .
7. What sort of soap did you use? Did it clean as well as the cleaners we have now?

4

=~ ~
9. Did your family.have a car? - If not, how did you travel? How did you get to
> school? _ — L :
10. Dld\bf have a radno" What qld it look like? - —
Did you go to the movies?

* > g Wt : \

What kinds of entenainmehp;?i_id. you enjoy? <

8. How was yotir water heateaafor bathing and Iau?dry?'

(Thmk up as many more guestions of your own asyou can. Askthemd ur’ng theinterview. /
Put the answers on the back of this paper.) ,

! [y

To close the m,terv:ew ask these questnons and write the answers on the back of thxs
paper. oo .

t

In what ways is life for you more enjoyable now that we have electricity, plastics, deter- ‘.
gents, and other oil and natdral gas products? '

Iin what ways did you like the ‘good old days’! better? \»—« ' o o T
- . A~ y . B -

' : . : ‘L_" | ' 9{3‘



= ' : ' = 3 _ valuable trade product of the colonists. - _
' ZogeM ' Until people began to raise domestic animals, candles

S . ' (\ were costly luxuries selling at four pence apiece. As animals
. pooA N ‘ . were domesticated, frugal farm wives saved every ounce of
- o / tallow. Wicks were spun from hemp; cotton, or milkweed.
- T e : Making candles was an autumn task, and a hard one, for the
:sasmsuy . *  entire winter's stock of candles was made at one time. Two
- P N .
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 Activity . 116 v " Activity 117 Vo

. Objective'\‘ ' PO T Objective: - . o T .
- / . b .
- \ ’The s_tudent will find words pertaining to the nanon s T Studems w111 read'an ar’ucle on colohial lighting, “and
*.  energy past. . + unscramble words and play ‘a game related to the article. °

: ) . T “The activity should give the students some feeling for the
. Activity: 3‘ S ) : , . differencés between“golonial lighting and our method of
{ flicking a light switch.
N . Seek and ﬁnd sources of energy in oug, nation’s past. " .
. ~ E R L~ N : ‘Yhat to dOl’ ~ "/

.t om _,: 1 4 e *F P u - '
.., - o L , Have students read the following arncle They may
L ¥ U e W a + e \.r then unscramble the words and play the Bnght Lxght game

¢ . ! » . J . : .
. -ev £Y o i b a m
1 e o . & 1 & ¥y ’ . / .o, .
S . ) ? o4 .
o b d r g Ca . s . .
o < o ; ! <
r. 't s ‘x u j c ) W ﬂ7‘
- .
s- t e ‘ca m 1 )
1 £ i £ e P _ ;
~a c .o a 1 t N .
1 T a m i+ n a ) -
. X 3 - -, -
: ~{"’f ’ Teurrue g )
™ SXTT VA . S '
//.‘ : ":{‘ - < ¢
- / . - T Teod i} .
- ":L/ . . . * L_:' - .
. 7 oo ‘ ‘ ’., L » X ‘ L. -
a, TR fkum;;tozqad ' ‘ » BRIGHT LIGHT - A COLONIAL VIEWPOINT
. / /% ’ ' | . ™
/ S wes3s . T ' The first way of lighting the house of Colonial
A : o - - . B “ America was by use of Pine-Knots. These were gathered

g oo smng . ° " from the fat pitch-pine which grew in abundance thoughout
S ., - ®1 O ' _the Colonies. These knots were referred to as candle wood -
VA .- St S : " -and ‘were the main source of illumination from, New
0 i tte - - ' Englind to Virginia in the- 1600%. When bumed,

. ' - ~ candlewood emitted bright light, smoke and pitchy tar
. Jead - drippings. Because of this, the candlewood was usually
, ‘ : . burned on a flat stone in the comer of the fire place. The
putsa - pitchy tar that dripped from the pine knots became a
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large kettles were placgd on the fire and each

”~
—

s filled

. “with half boiling water, half tallsw. At the'cooler end of

“ N

- by hand, by pressing bits of heated wdx around a wick.

[

. the kitchen, two long poles were l3id across the backs of
two chairs. Across these poles were placed smaller sticks _
; called candle rqds. To each candle Tod wasattached 6 to 8"
" wicks. A rod thh its row of wicks ms’”&lpped into the
melted tallow and thep retumed toits place across the =
~ poles. Each rod was dipped in tum, cooling between dips.
The candles “grew” until after abouy30 dips they were the
thickness desired. .

Wax candles were also yade. They were often shaped
" Farmers kept bee hives as much for the wax as the honey.

" Rush lights were made by stripping part of the outer
layer from common rusfies, thus leaving the pith bare, then
dipping them in tallow or grease and Jetting them harden. :

Colonists found that the oﬂzz'om whales was a vast

and

" Tooth

eap supply of cil for their metal and glasstamps.v

whales have a valuable material stored in their

heads, Sperma-Coeti. Sperma-Coeti was used for making
candles and it is s4id that these candles gave out three times
*the light of a tallow candle and had four times.as big a
flame. ,

: . s
mps ware” small shallow receptacles, either
;Yor rectangular, with a spout an inch’or two

?
4

hung on the back of a chair. Betty lamps were filled with

long. They uspally had a chain by which they could be .-

grease or oil, and a piece of a cotton rag or wick which ran _

down -thet spout into the oil. From this wick) dripping _
grease, came a dull, smoky flame. -
For many years, simply striking a light was very
% primitive. Nearly all families had some form. of steel and
- flint. By strjking these two together over a piece of tinder
" (linen or vegetable matter), a spark would be emitted and
< would fall on the tinder. The spark was then carefully
blown into a flame. The flint, steel, and tinder were usually
kept together in a tinder box.
Charles Dickens said that if you had good luck, you

" cowld get a light from the tinder box in a lalf an fiour. *

‘Because the process of producing a flame was 50 -
difficult, fires in fireplaces were careully banked during the
night in the hope that cinders would still be *“dlive” by
moming. If by ill fortune the fire in the fireplace totally
v“died” during the night, someone was sent to'the nearest
neighbor carrying a’'shovel or covered pan in whxch to bring
back live coals for rekindling the fire.

The first pracucal matches were “Congreves” invent d

«Jn England in 1827. Eighty-four of these matches were sdld
in a box for twenty-five cents. - .

¥

dowo lecnuc

"w@:
Unsera,mble these words that relate to miethods of tol8nial hghtmo
1. neknstolp - -
- S
2. neldacs : \
- ~ : . -
3. sicwk < i} . -
4. xeeswab N
T 5. ealh-w lio _
r B }
6. sapmlil ytetb — '
7. \elets: S— . -
dlinkireng : - __ {

Use the unscrambled words to help you remember some important facts about lighting. The number besxde each.blank is _

) a clue to tell you in which row it may be found.

;o o :
lowtal 7 I .
_odr cdalne /&
( N4
. hurs-tighle b b
. .yi_." -- .
amserp-tocie .
- ! ) *
tinlf- f
&' -
s R )
tiredn —_ _%\ 5 )
Songcever .
: u\"\.'

'*%a“'

§)) - . 3 __were the ﬁxgt-way of lighting Colorﬁal'Ho&s. W .
Pine knots were called (1) - P . & )
' . . /S . .-

) 3 held oil and wicks for lighting. ~ T

\ - - -

) Taken fram a whales head (5) - produced excellent candles.
It was not until 1827 that (8) invented matches. )

\r ) \ . N . ' .
The (3) ' held many wicks that wére dippeinto a tallow pot. \
- - . saa9s3u Suypurysz 8
- sepupn s "L
- - . . R . Jurg dwep 4333 9
’ » 89° . .1390D-2WIadS IO 3[eyM S
{’ sBirysns | xemseg v
Q - Y v ‘ poa a[pued SO €

MC ’ ) . % MOMEl - _SIIPUED T

o ‘ . 1A A . poom oppuss  sjowyawd T

' . LU , )
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PITCHPINE -

- TAI‘.LOW‘.; , ‘{

‘TOOTHED
~ WHALES

v

PITCHY -
TAR -

~

MILKWEED

MA-COETI.
I3

-

_— 4
&
Sy
I -

BéTT;( LAMP -y

Player Directions:

This garne is for two or more
players. . -
Play: turns to¥sing a2 bean
If thé player can deséribe the
usage of the word it covered,’
he/she gets another turn.

. If the player’s bean lands on the
energy symbol, he/she gets a
free point. ’

If the player’s bean lands on the-

electrical pole, he/she loosesa

turn. .
The game contintes until one

‘ yer earns twenty points to
in the game.
.
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~ INTRODUCTION

Energy, in its basic scientific sense, is the capacity to

~ do work. Throughout human history, people have relied on
an increasing number of energy resources to work for them,
Originally, o rse, people relied only on their. own
muscle power, and later that of animals, to do their work.
They sought to expanitl their resources by using the energy
in 'wood, water, and wind. In the 18th century, people
began to use the energy of coal, the first fossil fuel to be
discovered. Later came the use of petroleum and natural

gas. In this century, we have begun to tap nucléar cnergy. -

We aré also looking closely at ogher. energy sources in an
attempt to ‘provide sufficient energy while living
compatably with the environment. ;.

Energy sources which are most familiar to us are.
really secondary sources of energy~that is, energy in some -

other form has already been expended to produce the
secondary source. A prime example of a sécondary energy

~ consumers into

<« ..
AN x

N\

~

source is electricity. In order to gen\erate electricity, some
primary energy source, such as coal, oil, or nuclear power,
must be used. '

What sources are supplying our energy: ngeds today?
Figure 1 shows the five primary sources of energy that

* -@pply Americans wnth most of their energy needs. In this

chapter, we will disclss each of these primary sources, as
well as ope secondary source, electricity. *

HoWw are these energy sources used by various parts of
our ‘socicty? Energy experts generally divide ‘energy
four sectors. These sectors are
transportation * (trucks, trains, planes, cars;” buses,
motorcycles, ships, etc.); industrial (factories); commercial

(stores, offices, schools, hospitals, theaters, churches, etc.);

and residential (homes and apartments) Figure 2 shows
how these sectors divide the energy pie generated by the
five primary sources.

4% 2°/°l
Hydroelectric Nuclear

1976’Figures from Federal Energy Administration !

secondary source such as electricity. -

93~ (\";x\

-
31% Trans- :
portation 40% .
- Industry
30% 46% Oil 7
Natural Gas N
ENERGY SOURCES ENERGY CQNSUMPTION
FIGURE 1 FIGURE 2 ’__ " ,
: . i ; .‘.". -
Activity III-1 i
Obje_ct.ive: Students “will recognizé the difference -- What to do? S ]
between a primary source of energy and a Have students wcomplete and dlSCUSS e items that

follow on “Primary Energy Sources.”

(3N
-

‘~_
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cooking running heating

outdoors, .locomotives homes, fac-

fireplaces tories, of-
fices

The dxagram above shows six.primary sources of energy. Lmes connect ea
important work it does. Which energy source is seldom used today" Which tw

power? Which ones are used to make electricity?

Use the information on the chart and on the energy timeline

about the Spritz family.

1. In 1901, Great-g'_rénd;ha and Great-grandpa -

Spritz went by train to Niagara Falls for their honey-
moon. Thetrain engineburned to

- boil the water. that made the that
dl’OVG..It The primary source of energy was -
Not long @gd their great-

grandchuldren flew by-jet to California. The primary -

energy source that got them there was

2. Great-grandpa Spritz was one of the firgt in town

to drive an automobile. His Model T burned
. The primary. source of this fuel is

A Spritz great-grandson earns his

living driving a big diesel truck The ganmary source

of this fuel is : -

3. Four 'generations of Spﬁfi'ES have lived in the old
family home. At the turn of the century, the family
huddied around a stove in the parior for warmth.
Probably the primary energy source was

In 1928 the family put in central

\
'

| EKC | T

wll Toxt Provided by ERIC

Nuclear reaction

«§
running resource for Lighting\l\
cars, trucks, manufactur- & houses and
buses, ing prod- other builg-
planes ucts, ings

A, fertilizet - . S
2R
, : o

primary energy source to the most
do not involve burning to produce

to help y u complete these four stories -

-

‘heating by installing a furnace in the basement. The

primary energy source was .,
Since-1952 the Spritzes, like most Americans, have
heated their homes with a p\.imary energy source

" that istclean angd convenient to use. It is

4. Recently ayoung Spritziasked how the electricity
that lights the house and runs thé appliances is

ix made. His dad drew a picture of a giant whee! with

Lew

95-9¢ - L s

blades. “This is a . engine,” he said.
“T here area numggr of these at our city’'s power
plant These giant wheels turn to make electric
energy. Falhng .or powerful blasts of

turn the wheels. You can't get steam, of
course. without boiling water. And so a primary

- energy source furnishes heat to boil the'water.” The

primary energy source that makes most of our elec-~

tricity.is coal. Other sources mightbe .~ or
T~ or ..

,J'ft'j‘ .



- ACTIVITY 11I-1
Primary Energy Sources - o

LS

Failing water

Natural Gas

N

cooking - funning : heating - * running . resource for Lighting
outdoors, " locomotives homes, fac- cars, trucks, manufactur- . . houses and
fireplaces , tories, of- buses, ing prod- other buiic-
fices plancs ucts, ings
.- . . fertilizer

wealv; nuclas fwacter) _ : ? i
s . . -—__-/‘_-'—-
ove shows six prinrary sources of energy. Lines cOnge(each primary energy source to the most
* important wbrk it does. Which energy source is seldom used today?Which two do not involve burning to produce
power? Which.ones are used to make electricity? M;Wm.e?m; wonly,; conl) nackar .
Use the information on the chart and on the energy timeline to help you complete these four stories -
about the Spritz family. . . )

)

. The diagram

- 1. In 1901, Great-grandma_ and Great-grandpa heating by installing a furnace in the basement. The
Spritz went by train to Niagara Falls for their honey- primary energy source was —ceaf .
moon. Thetrain engineburned __<cenl  to Since 1952 the Spritzes. like most Americans, have
boil the water that made the __afiarn) _ that heated their homes with a primary energy source
drove iv;fiThe primary- source of energy was ' that is clean and convenient to use. it is

Not long ago their great- _,ﬁ.g : : o e :
grand€hildren flew by jet to California. The primary ‘ :
energy source that got them therewas __<€& - 4. llecentlyayoung Spritz asked how the electricity )
" . : - . that lights the house and runs the appliances is
_ 2. Great-grandpa Spritz was one 9,f the first in town made. His dad drew a picture of a giant wheel with
to drive an automobile. His Model T burned bl des. "This'is a _Z:wbuvnes engine,” he said.
: WThe primary source of this fuel is “Ihere are a mrumber of%hese at our city's power
ol A Spritz great-grandson earns his plant. These gjant wheels turn to make electric
living driving a big diesel truck.The primary source energy. Falling _=i~x. or powerful blasts of
of thisfuelis ___oc™ =~ ’ : _dee - turn the wheels. You can't get steam, of
‘ colirse. without boiling water.. And.so a primary
3. Four generations of Spritzes have lived in the old energy source furnishes heat to boil the water.” The
family home. At the turn of the century, the family , primary energy sourcethat makes most of our elec-
huddied around a stove in the parlor for warmth. . . tricity is coal. Other sources might be ot or

Probably the primary energy source was- - Mor_‘mm./_#&'
canl o iccoslin 1928 the family put in central '

-El{llCﬁ - . . 97
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Activity TII-2

/ .

Objective:  Students will recognize the four sectors of What to do’ ,
- energy users and how these groups consume Haveé ‘ftudcms complete and discuss the items that
the major primary energy resources. ‘ follow of erc we get our emergy, ‘How we use it,”
- Q
V
COAL d9th cents?: Coal later became the chief source of

Coal represents over 90 per cent of U.S. fossil fue
reserves, so it is a fuel of major importance. '

. The starting point for coal is the formation of peat.
Peat is a fuel in its own right, but it is not really ancient
enough to be considered a fossil fuel. It can be classified as
“geologically young coal.” Peat is essentially an
accumulation of plant remains in carly stages of
decomposition. Peat is usually formed in areas where water
covers dead vegetation that has accumulated on the ground.
The v:ater blocks the action of badteria from the air, greatly
slowing the rate of decay. Thus most of the carbon of the
plant matter is retained, and peat is formed. Péat beds are
probably laid down in a period of about 10,000 years. Peat
is not of major importance in meeting world energy needs,
but it is of considerable local significance in many areas of
the world. ,

* Coal began to be formed some 350 million{years ago.
The conversion of peat to coal occurred as peat beds
became covered with layers of rock and soil. Thus buried
below the surface, increasing temperature and pressure
began the process of converting the peat to coal. (See
Figure' 3) ' .
Coal is graded according to its carbon content: the”

‘more carbon, the more energy ‘and less smoke produced by
buming.. . :

: . Anthracite is the top grade of coal. It is hard, easy to

handle, burns cleanly, and has a high energy content. It is

also superior in that it contains very little sulfur. This is

- significant, since sulfur dioxide, a major air pollutant,

results from the bumning of fuels with highsulfur content.

Bituminous coal is the most wide%y used. It is,

relatively easy to hdndle, burns with only moderate

production of smoke, and has an energy content about 25

per cent lower than anthracite. Unfortunately, it oftten has

a very high sulfur content. In fact, the sulfir content of
- some bituminous coal makes its use illegal for many
applications. ) ’

: Lignite coal is of relatively. low quality, with an

energy content around 30 to 50 per cent lower than

anthracite. It is relatively free of sulfuﬂ‘but produces other

pollutants. Lignite dries out on exposure to air and

"crumbles. It therefore requires careful handling in shipping
and storage. .

Coal’s use for industrial and residential purposes

" began in England.about the middle of the 18th century: In

Pennsylvania, Captain Adam Stephen found coal along the

Allegheny River in 1754. In western Pennsylvania, coal was

" first used industriaily .to make glass in the early part of the

o 98
5110

IToxt Provided by ERI

residential hédting. About 1890, coal began to be used for
the manufﬂctgre of coke for-the developing steel industry.

acdent of geology has provided the United
States with ﬂ’flost a third of the world’s coal reserves. (The
term <rese’cS . refers to energy ‘resources which have
actually pet?  discovered and can be recovered under
Present meﬂwds and economic conditions.) The U.S.S.R.,
western fu°Pe, and China have most of the rest of the

World‘s coi‘l reSerVCS. . .
withi? the United States, four major areas-Rocky
A inS. Northem Great ~Plains, Interior, ' and

.. oot3n more than 90 per cent of the coal reserves. .
S ;ure 4.) Two of these areas-Northern Great Plains
and Rocky Y Ountains—contain approximately 70 per cent
of the coal f°Qurces in the United States, and most of the
Ration’s Jo¥ S3ifur coal. The coal in these areas generally
lies ¢jose to ©'® surface and is thus easier to mine. Also, the
Population €Sty in these areas is low, so using the
amoynt of /"9 necessary for the mines is not a problem.
Op the oth?®f hand, this coal is often far away from the
indugtyial cemers where- it is needed. so transportation
becomes a p_f°blem. Coal from thesc two areas is usuallysof .
the type 10weSt in energy conten:. And i=:se areas do not
have the wat¢! Fesources necessar in coal - oduction.

. Much f’f Fhe coal in the Eastern area has a high sulfur
-conten. TPS IS not true of anthracite, which is found
Pm'lcipally mﬂll’.‘ennsylvania, but unfortunately anthracite
Makes yp oMY a smal fraction of US. coal reserves.
Eastern coal ©* Often in deeper beds, making mining more
difficy)y.  AJ® the population density is much higher, -
vcausi'ng Corﬂ?ftl'tion £~ ‘he land aréa. But Eastern coal
generally hds.° “ighe :nergv content, and water supplies
are beger in Footem coal regions. :

Taus TRy factors -teract when we consider coal

resen,cs. - ‘ . o

Coal ™ be recovered by ceep mining, strip or

Surface min’®’ Or augur mining. Much of the coal in the

Easter coal 272 must be deep-mired-shafts must be sunk. -

deep undc.‘?olﬁld to where the coal lies. In the Western
areagy the ¢0* les closer *o the surface. In such cases, the
layer of soil cO¥ering the coal, cal’ed the overburden, can be
Scraped qway’ SXPosing the coal. Augur mining may be used
when cgal ¥ “Xposed on the side of a hill; the coal is’
remoyed fr0M  the side by boring into the coal.
Augu,-_ﬁﬁnedf‘tes are found in some Eastern states.

The chief uses of coal are producing heat for industrial
Processes and hea\ting buildings, generating electricity, and
Pfévid‘mg coke.for.ma]dng steel.

Ir elect” S power plants, the héat energy of coal is

o



Where We Get Our Energy
How We Use It

v

- 31% Trans-
portation

GRAPH A

Graph A divides our energy use inta-four
groups. In what group do we use the most

energy? °

Commercual

40%
" Industry

What ranks second?

In what ways do you use energy in each of

oy

these two groups? What group(s) givesyouthe

most opportunity to cut down on your energy

consumption?

Which groups use energy when you do each of
the followihg. Check the box or boxes in the

appropriate columns.

(The first one is done for you.)

-

1. Take a h'ot bath

2. Dnve to a hamburger
“stand

3. Fly in an airplane

4. Switch on air-
conditioning

5. Buy a new baseball

6. Ride a school bus

" 7. Blow dry your hair
~at home

8. Buy a frozen pizza

9. Ride a motor-bike — E

' 16.' Manutacture a
motor-bike

L4

-

c
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‘gl 8l F
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Activity 111.2

%
Nucleark

4%
Hydroelectric

30% 46% Oil

Natural Gas

GRAPH B
Graph B shows five primary sources of
energy. These five sources supply

Americans with -most of their energy

needs. They light and heat the build-
-ings in which we live, work, and play.

- They fuel our vehicles. They run the
. machines that work for us and man-
- ufacture and process the goods we use

and the foods we eat. Look at-Graph B
and answer these questions.

1. What energy source do we use
most"

2. Whichdo we use rﬁostly for heating
“our homes?

3. What energy source provides most
of the fuel for our transportation?

' 4 Whlch one makes most of our eléc-

-—‘&_ , i
S

frlcnv'7

5. What is a po§sible reason why we
use so little hydroelectric energy?

6. Why is electricity not shown on this
chart?

-\
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Where We Get Our Energy

Hour We Use It - S

31% Trans-
' portation

40% -~ v .
Industry .

Graph A divides our energy t.ge mto four.
»’groups In what group do we use the most.

‘eriergy?. zy.a_
What ranks.second? Tty MM

In what ways do you use energy in‘each of
these two groups’? What group(s) givesyyou the
most opportunity to cut down on your energys

consumption?

Which groups use energy whenyou do each of
the following. Check the box or boxes in the

appropriate cofumns.
(The first one is done for you.)
Esnsy iyx) Zhal
arclicclie)n o

woritd alor be ghacked
orneley : -

Transpo,-ta“bn
Commel’Cia,

\ | Residentjq

1. Take a hot bath

2. Drive to a hamburger
stand )

3. Fly in an airplane

4. Switch on air-
condltlomng '

5. Buy a new baseball

(v)

SN

6. Ride a school bus
7. Blow dry your hair
at home :
8. Buy a frozen pizza
9. Ride a motor-bike

10. Manufacture a
motor-bike

Activity 1112 ..

2% .
Nuclear

4%
'Hydreelectric*

.\ 30% -
Natural Gas

-GnAnHB

L]

- Graph -B shows five pm'na'y sources ofw *

.

Sa

energy. These five seurces pply .
Americans witlr;fmost of their enérgy .
needs. They light,and heat the build- .
ings in which we live, “work, dnd play. -
They fuel our vehicles. They run the :
machines ‘that work for us and man- - o
‘ufacture and process the goodswe use _

"and the foods we eat. Look-at Graph B-

and answer these questions. =

1. What energy source do.we use

most? )
q\ /

o<l

-

2. Whichdo we use mostly for heatung

"_,

T
our homes? - Ces
- . . j !;k -

3. What'energy source provides most
of the fuel for our. transportatnon”
-/ _A‘LJ .

“~4. Which one makes most of our elec-

tricity ? :
<ol : -

<

5. What is a possible reason why we
use so little hydroelectric energy?

7"4"
6. Why is electncnty not shown on this
chart" ) .
101 —104- -
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used to make steam, which in turn is passed into turbines
and generators to produce electrigity. )
Coal is 2 mainstayof the stee} industry, where it -is
used to make coke. CoKe is a hard mass of carbon material
- produced by heiting certain grades of bituminous coal in
- enclosed ovens. The coke is used in the process of turning
iron into steel. ¢ . .
Environmental impacts from the use.of coal”are
evident in the mining process and in its use as a fuel.
Getting coal out of the gr0un‘5 without major damage to
the environment presents. a challenge. Underground coal
mines have polluted the water table, harbored fires, and
caused millions of acres of surface land to subside, breaking
roads and sewers and collapsing buildings. Underground
- mining is a hazardous industry- in terms of mine accidents
and disabling black lung disease. . T _
- Stripg;imining is safer and ‘much cheaper than
. underground’ mining. In 1976, more than 60 per cent of
" the nation’S.coal production came from surface mining. I
" mid-1977, .more than 1000 acres a week were being strip
. mined. Strip mining has been notorious for destroying
landscapes and polluting-rivers and water supplies with silt
* and acid mine drainage. In the past, 1égi’sla§i§j governing
_-strip mines was left up to each state,and Pe r
some other\ states enacted strip mining Teclamation

- Iegislatiqn. In 1977 a strict federal strip ‘mine reclamation

law was passed. It requires that land must be restored to

d - . ~

-

The burning of coal produces air pollution which can
have serious environmental consequences. . The worst
pollutant is sulfur diowide, which is a colorless gas produced

: when fuels containing sulfur are burned.-Sulfurjdioxide

ylvania-and .

“, condition capable of supporting the uses it was capable .

" of supporting prior to any mining.” There is some question
~as-to whether strip-mined land should be restored to its
original condition and use, or restored to a° different
condition :andz better use. Af any rate, an operator.cannot
strip mine the land-unless. He can provide definitive plans
for its-reclamation. . .. -
Another environmental impact from coal is one that
is shared by any fuel used to generate electricity. Electrical~
generating plants are not very efficient-that is, a arge.
portion of the energy produced cannot be used to generate
electricity, and goes into the enyironment as waste heat.
This heat has definite -environmental impacts. ,
The waste heat is dissipated through the use of cooling
water. This cooling water is taken from a nearby river, lake,”
or other large body of water. It temperature is: raised
slightly by the waste heat from the generating plant, and

it is then returned to its source. The body of cooling water

-eventually loses the added heat to the atmosphere. If the.
temperature change in the cooling water is too great, it
may upset the ecological balance of the body of water,
perhaps killing some types of the aquatic life and favoring
the growth of others. The use of cooling towers or cooling
ponds is sometimes required, where part of the waste heat
is transferred to the air. We must keep in mind that this
discussion of waste heat applies to any type of electrical
generating plant, not just a coal-burning plant.

If a power plant is located near an industry which
can use the low-grade Steam as process heat, or near a
community which can use it for residential heating, some
of this heat becomes a useful resource instead of a waste
to be disposed of. Sts '

]

affects the’ respiratory system, which includes the lining
of the nose, throat, and lungs. Statistical studies -have
shown that many people die each year as a- direct or
indirect consequence of breathing sulfur dioxide.from coal
burning . plants. J S

There are three approaches to reducing * sulfur

emissions that are already feasible or under development: _°~

burning low-sulfur coal, cleaning the coal Pefere-burning,
or using scrubbers to remove sulfur from the flue gas after

- the. coal is burned. »

Low-sulfur coal, primarily from the west, can be used
to meet thé Environmental Protection Agency.standaggds.
Many Eastern and Midwestern utilities are bringing in
low-sulfur western coal to avoid the problems of flue gas
scrubbers, -Use of this western coal jpresents its own

. problems,?\homver. Among them are reclaiming strip-mined

-the coaldfrom the western areas. The pressure is on for -,

_Perinsylv

areas where there is a scanty water supply and transporging

developient of the vast coal resources in western
l{;ﬂja and the rest of Appalachia, which are near
places wheie coal needs to be used. :

Coal is'normally cleaned’before use in prder to remove |
extraneous mineral rmatter and impgove its qualjty as a fuel.
Such cleaning may also removeesome,splfur; but usually
far from enough to meet preseng air pollution standards:

A commercially. sucéessful method of removing much of .

the sulfur content before coal is burned has yet to be
demonstrated. .~ . . :

One “cleaning method under development is solvent
refiriing of coak. Pulverized coal is mixed with a solvent
and reacted with hydrogen; gas at high temperatures and ‘:
pressures. This dissolves the coal and separates it from its
ash and soifur, producing a clean buming, high heat value

* fiel. This process is now under critical study at the Gulf

Research Laboratories at Harmarsville, near Pittsburgh.
The third option for sulfur.control is to use scrubbers
to ‘remove the: sulfur dioxide from the flue gas prior to

“its discharge to the atmosphere. In such scrubbers, the hot

_gas is passed through a mixture of limestone and water,

.'which chémically rentoves most of the sulfur dioxide. There

have. been . many problems with the operation of such
scrubbers, and.a disposal problem for the large quantities

. of wet sludge they generate. Research continues on other

scrubbing techniques, and on-new systems fordbifrning coal,
such as fluidized bed combustion, which is described in
Module VI. ™
Coal-burning power plants must also control the
emission of particulates, which are primarily mineral ash.
Very-fine particulates, which may be retained in the lungs,
‘are a potential health hazard. Some evidence suggests that
sulfur compounds in combination with these particulates
may be ‘responsible for some of the adverse health effects -

- previously attributed to sulfur dioxide alone. Electrostatic

105-

precipitators are generally used to reduce particulate
emission to an acceptable level.
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. Nitrogen oxides ' are another- ‘pollutant * from
coal-burning plants. This is especially- a problem in urban
mMem it is combmed with nitrogen -oxides from auto
emissions. Techhiques, Bsed on modifications of the
combust:on process are being explored to reduoe the
+ production of mtrogen oxides.

-+ The use of coal produces a tremendous amount of

“waste in the form of ash and slag. About 30 million tons

of these “materials are collected each year.

N Another byproduct of the buming of any fossil fuel
is carbon dioxide. A study has recently been-completed -

. by the National Research Coungil’s Geophysics Study
- Committee. This study centered on the’ effect of carbon
- dioxide on climatic conditions. Carbon dioxide reflects.part.

of the earth’s radiated heat back to the ground; thus, any

mgmﬁcant rise m the ount of carbon dioxide in the
Mphere will increas® the greenhoust effect mentioned
odule I. The study concluded that if the world
contmues to rely heavily on fossil- fuels for its energy.,
within 200 years the earth’s average temperaturé could rise
-as much as 6 degrees' C. The impact on sea levels,

-

agriculture, and the polar ice caps could be profound and .

possibly 'disastrous:

Carbon dioxide results from burning any fossil fuel
but in light of our probable increasing dependence on coal,
it is of special concern. The study concludes that we have
to be prepared to switch from fossil fuels in about 50 years
to avoid apparent climatic chariges. However, experts do
not agree on this point. . .

Activity [I1-3

<3

Objective !

The student will observe the difference between the
types of coal. .

What to do? ) - Ca

; Materials Needed:, Small samples of peat, ligr;ite, "
"bituminous coal, anthracite coal, _
crucible tongs, Bunsen Bumner, -

hand’ lens. .
-t

)
“

.
Y

. Objective: o

- Activity 114 - .

The students will research the mining and extraction
of coal, and use_ their findings to make a model of a coal

. rmne -
. . i —3 .

! : )
o 5

_'WhaI to do? - ' e
| Have students ﬁnd plctures and ,diagrams of coal
mines, and using any available materials, make a model of
a coal mine. ~ - ’

- Activity 115

* Objective:__
\ / .
The student will test the gasesiommg off a sample
- of burning coal. ’
"What to do? - T ';
Materials néeded: Bunsen ‘bumer, glass or plastic
-container, 2 test tubes, 2 stoppers
(one 1-hole and one 2-hole), .2 .
glass tubes, (1curved 87, 1-37),
test tube holder, soft coal, water,
matches; red- litmus paper, lead
acetate paper. .

. This activity involves the destructive distillation of

coal. It must be done in a well-ventilated part of the
_ classtoom or ‘outdoors. Set up the apparatus  as shown in

the diagram: below.. Fill the distillation tube one-third full
with pieces of soft coal and heat the tube. Test the gas
which comes off to see if it burns. Then test for hydrogen’ .
sulfide by holding moistened lead acetate paper in the gas.
(If paper turns bl , hydrogen’ sulfide is present.) Test
for ammonia by hojding wet red litmus in the gas. (If
ammonia is present the paper will turn blue.) Continue”
heating ‘the coal until all the gases are dnven off. The
material remainining is coke,

*, Bumn coke and soft coal. Which produces a better ﬁre"

' Which matenal‘fe@ould be better for a fireplace? ~ -

kel Examme the samples carefully, using a hand lens 1f Activity taken from West Virglma Energy Actmnes
necessary. Answer the following: questions: .. 3 : s
1. Which sample looks most like plants? N -
2. Which sample looks least like plants? p P : R
3.  Armange the samples in order of hardness. softcoal : A\ conlaas
4. Armange the samples in order of luster. Az SAYE coalg
5. - Which sample looks like- it has the most carbon s ' ‘
. in it? ¢
6. Which sample looks Tike it has very little carbon ‘ “
in it?
7 Now hold each sample with the crucible tongs and —— 2 B
light it with the Bunsen burner. Note how long each takes ' '
to ignite. Also, note any odors or smoke, and how rapidly T == -
T 'each burns. == == s
S . ' = -~
~/ R : B ==
) ‘ .Coal Tar .

™



© Objective'

| Activity 116

i Objective: . ' 4 » o

a

The students will research the mmmg of coal, the use.

of coal in making steel, and the envrronmental and health
effects of burning coal. : .

t *
- ) .

What to do?, P .

* Divide students into groups and ask one group to find ..
.out how coal is converted into electricity. Have them -

fMlustrate the journey of the emergy from coal from the
mine to the home or classroom. Have another group
illustrate the environmental and health effects related to
the mining and buming of coal and what is being done
to solve these problems. Have another group prepare a
display of how -coal is used in making steel. (The World

Book | article on coal is an excellent reference for this .

actmty)
Activity 117 . , S
bbjecﬁve:

The students will write letters to coa] compames to
find_out about reclamatxon.

What to do? ' .

LS

Activity 111-10

Objective: . .
Srudené will trace the route of energy from the coal
mine to the electric light. %\ . :

What to do? - .
Have students complete and discuss the items
following oni How Coa! xs Used and Some Facis About
Coal. .
OIL AND NATURAL GAS- ‘
d}s now the nation’s major energy source. Qut
neither dom

esti¢ supplies nor imports from the rest of the °

-world will be able to satisfy indefinitely our seemingly
insatiable demand for this fuel. If it could be assumed that
world demand for oil would grow at an annual rate of
only 3 per cent, the world’s presently estimated recoverable
oil Tesources wguld be exhaused by 2020. It seems clear
tha#-within about four generatjons, the bulk of the ‘world’s
supply of oil will haye been substantially consumed. The
oil that.remains will have become too expensive to use
" as an enekgy source, and will have to be reserved for.
petrochemical and other uses in which its maximum value
can be realized. __
Qil and natura] _gas deposits usua]Iy occur together.
They "ire:believed to come_ from-animal remains—mainly
marine animals—as they accumulated over a period of some

' Wars a shorter jtime frame than for the
Have the students write letters to local éoal companies fo coal.

- (or coal comp\a"r)ues in-other areas). Ask'what the company

Jis domg to relcaim the land after mining. .

Activity 1118

e

2 The students' L will debate the posmve and negatrve o

aspects of strip mmmg _ .

What to do? , - . , . .

AN Divide the ciiss in'to two teams. Del;ate the foﬂovﬁna' )
Coal should be stnp mmed’ instead of deep fined.
Land can be reclauned after strip rmmng -

Activity lll_-9 ) ’ -
Objective:

Students @ describe how coal was formed and how
it is mined. They will develop an awareness of the current
‘controversy over mmmg methods.

What to do? . ° 8 -

‘ Have students. domplete and  discuss the items
following on Fossil, Fuels: Coal, Oil and Natural Gas.

o

As organisms died in ancient seas, the remains settled
to the sea bottom and became buried in layers of mud and
sand: This organic matter was changed into the carbon and
"hydrogen compounds that are natural gas and oil, probably
. by gradual decay, heat, pressure, and perhaps bactenal and
radioactive actions. (See Figure 5.)

The first: oil well of modemn times was cornpleted in
1859, at Titusville, PEnnsylvania. The grade of crude oil (oil

" as it comes from the ground, before it is refined or
processed) called Pennsylvania crude is still the finest in the
world for making lubricants. Unfortunately, reserves of
Pennsylvania crude oil are quite small.

Crude oil is refined into many different products
"About "90 Pér cent is made into various kinds, of fuels:
gasoline, jet fuel, heavy duty fuel oil for industries, heatmg
oil, and diesel fuel. The rest goes into lubricants and is a
vital . raw material in. hundreds of manufactured products
such” as dye, medicines, detergents, and aruﬁc:a} ﬁbers
(nylon,'rayon, dacron).

Oil reserves are unevenly dJstnbuted in the world
The .Middle Eastern countries such as Saudi Arabia and
Kuwait have about 53 per cent of the reserves. African

-

T e

countries (Nigeria, Angola) have about 16 per cent. The .

U.S.S.R., Romania, and other eastern European countries
Jtave about 15 per cent, while the United States, including
Alaska, has only about 5 per cent. Smaller amounts are
found in other countries.

* + Figure 6 shows the location of oil and gas fields in the .
United States. R

1
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fogisis 6 varicus S
Gedlogists—dse various instruments to discover the

right conditions for the existence of oil or natural gas under
the .ground. A derrick is then erected to hold the drills,

O pipes, and other equipment. Drilling is” done, and if oil is

LY

o

found, the crude oil. is tramsported td be refined. If natural
gas is found, it is pumped away in pipglines to be used.

" Wells may be drilled on land. They may also be
drilled off-shore, with a platform pro ded to support the

equipment.-
On-shore oil production rargly creates any significant
. pollution  problems, although accidental pollutron

sometimes occurs when wells blow out, contaminating the

area with crude oil: Also, in on-shore production, nearly-

three barrels of brine pumped from the ground must be
disposed of for- every barrel of oil produced.

; 'Offshore Operations present fnore problems, with the .
possﬂﬁhty of the direct relea::(of oil fouling beaches and -

affecting animal# life im coasdl regions. Fires at oil wells
could cause significant air ppllution. ‘
@il spills and discharges from oil tankers which

“transport the crude/ oil have caused many environmental

problems. Millions of gallons of oil have been released when
these tankers have run aground or broken up, and this oil is
washed up on shore or sinks to the bottom. destroying
fishing grounds and birds.

Oil may also be transported through plpelmes These
p1pehnes must be carefully constructed” to minimize

environmental damage. For example, in the construction of .

the Trans-Alaskan- pipeline, such diverse cBnsiderations as
these had to be made: keeping the warm oil from meltmg
the permafrost, not interfering.with the ancient migratorv

patierns of the caribou herds,- not disturbing salmon

spawping grounds, and allowing for earthquakes and-
thermal -expansion and contraction of the pipe. :
When used as the fuel for an electrical gen%g
station, oil produces some air pollution. mainly from the
oxides of sulfue=amid nitrogen. But the pollution problems
associated with burping oil are not-as serious as with coal.
" This is 'a major reason why some utilities turned to the,

-burning of oil instead of coal to meet air quality standards.

te

The biggest air pollution problem from the use of oil

>

-

" there was no way t
_ ~ In 1947, 2 major ct¥n
when natural gas from the southwest reached the east coast

-

/10

-~

4.
- . . »
“", ' ) .o T ’
N ~ ‘. Al *
’

comes when the ¢il is used in the {orm ofgasollne or dlesel
oil to power cafs, buses, and trucks.
Natural gas supplies are limited, and the “growing

" imbalance between resources and- consumption of this

valuable fuel is of particular concern. It is hop@d that short
range supplies can be augmented by imports through
Mex1can and Canadian pipelines. Natural gas® can be

liquified and imported. on taqkers bnt these imports are *

qune expensive~ - - wl
- Natural gas is largely methane wh1ch is composed of
one carbon atom and four hydrogen atoms.Natural gas was
first used in the United States for lighting in Fredonia, New
York in 1821. Early usage telﬁe‘d to be localized hecause
transpcott &he gas ever long ditances:
ige in the industry was brought about

through two converted liquid pipelines, and the-United
State§ became the leading producer of natural gas.in the
wONd. Since that time, the use of ndtural gas has increased
rapldly It is used as a fuel to produce heat, and has become *
the prlmary raw material-for chemical fertilizer and many
other products. At the well, natural-gas i Is compressed and
thé heavier gas molecules, primarily propane and 'butane,
are separated out as a liquid. These are.then transported in
pressurized containers and sold as bottled gas. It can be
used in the same way as natural ga$?and is especially useful
in rural areas where there is no gas pipeline. -

Oﬂe reason that natural gas has come into such great
demand is that it. can be, delivered as a clean-burning,
sulfur-free fuel.

Estimated reserves of natural - gas are found in the

. following areas: U.S.S.R., 31 per cent; US., 16 per.cent;

Iran, 11 per cent; Algeria. 6 per Cent;and the remainder in
many other countries. s

Environmental impacts of the extraction and use of"
natural gas are less than those for coal pr oil. :

Hydrooen sulfide, a toxic and {iorroswc substance,
must be removed from the gas before it'ts used

Pipeline transmission impacts must be considered.

If natural gas is.used to generate electncny disposal®

|
. 9\'{ waste heat must be considered. ; -
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| ,_\l" ossil Fuels: Coal Orl and Natural Gas

HOW COAL WAS FORMED <

SLACETHE NUVBERGF EACHPICTUREIN
FRONTOF THEDESCRIPTION THAT FITS[T
BEST. - -

When the grant pIants d |ed fthay"\
( formed rotted vegetable matter
?

1510 ) |

lled peat. For thousands of
ars, plants grew, died, and -
—Aormed layer upon.ayer of peat.

When the seas were gone again, .
= heat and pressure from the layers
. ———ofrock changed¢he peatinto coal

More than 250 million years ago,
forests ot giganticferns trees, and
qrasses covered vast swamp lands
and stored | upenergy fromthesun..

Later whenthesurface of theearth
.changed, seas covered the land -
=+ hand deposited layers of shals,
3 - limestone and other rock on the

.\\'

1, HOW coAL 1S MINED

Strip or Surface Minlng .
. Uses huge bulldozers and power
" shovels to remove coal from a shak

low seam near the earth's surface: f\

)
bl

" Read each set of statements below. If ther

ACTIVITY 1119

Deep or Undé?ground Mining
Tunnel orshaftis builtintotheearth
/totheseamof coal some mahy
‘Miandreds of feet below the
Workers and equipment remorg'A.
coal through the tunnel or sh

are nothing else to consider, would you

. think that surface or deep mining'{or bothy i the best way to obtain coal? Weite your
" choices on the blanks at the et using § (for surface) c’)rD(fordeep). |

~ SURFACE MINING .
_y 1. Each miner can proguce 30 tons of
\ coal a day.

2 Yparcentofthecoalinasuriacaming
-, ' can be removed, .

% In1974, surface-mined coal cost °
§itftaton,

=

. 4 Forestand fieldg along with their top-

+ soil, are turned over before the coal is
removed — at a rate of 1000 acres a
week, New laws in every state require

 "to the price of coal.

— 5. Some coal, very close to the sarth's
surtace, can only be fecovered by sur-
~ face mining.

~ surface mining?

y
\ ¢
| )

Can you think of a compromise?

" DEEP MINING

" land reclamation, butthe cost is added

’ What would you say I the main advantage of deeo mining?

Each minercan produce 10tonsof coala \
@ _{jr

/

| 5¢-60 percent of the coal in a daep mine -

can be ramoved

In 1674, de°p-mrned coal cost $19 8a
ton , .

Mich ss damage to.land and environ-

ment- ::Tn\r “ "“"r_.

x S
Some coal, very deeply buried, can only
 be recovered by doep mining,

It would beaasyto decide howtomine coal |ftherewereonty ona setoffactsto consider,
As you have seen, however, there are many. What would yousayisthemain advantage of

7
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- - How Coal is Used ' . Activity 111-10
This activity follows coal from the mine to your electric light. T :
. . - : y\

1. , * 1. Coalis minad either by surface or under-
F ground mining. Before it leaves the gﬁine. R

——- A

v ) it is cleaned, crushed, and;sorted

.
—

S " C

2 - L2 Ams of Qgrf coal-is transported by
rail, much of it in special ciirs. One coal
train can carry‘as much as 15,000 tons

R _pertrip: ¢ — ;

3. N - 3. 46 percent of U.S. electrical generato}s,
: ‘ . are powered by coal. Power pligs, burn

. : , . coal to turn water into steam. The steam
. N - - turns a turbine, a series of wheels with
e ‘ & vanes like a windmill. The turbine rotates
: — coils of wire in a generator through a

- s or .o . L ' magnetic field to produce electricity.

- il 4, 4. Electricity is transported on wires at very
' < high voltages. Electricity is usually not
' o ~  shipped mare than 600 miies by wire be-
.cause of expense and loss of energy.

| - Only 26 percent of the original energy
NS — L - remains when the electricity is used,

’ v 5. - |- 5. Electricity lights the lamps in your home.
- ; " How many other uses of electricity in
! 1 your home can you name? Write them on
- : ( ‘ the back of this paper. Then place a star
b ' before those you think you could do -

o without.

B N -
. ?pmé Facts About Coal

. De '-', e whether each of the following facts isa prc}blen; (P)or anopportunity (O).Puta P
© . -=@ranQ—orboth—in each blank. On the back of this sheet, write down ways some of the
~ problems could be overcome. Compare ideas with your classmates. -

1.9 percent of U.S. fossil fuel feserves ————— 4. We have enough coal to last for 350"

.(coal, oil, natural gas) are coal. years, at current level of use.
2. Some deep mines are dangerous. . —— 5. Mining coal can cause damage to the
’ environ ljlent. _ : p
'{A 3. S0percent of our mineable coalisinthe ————6. In the future, we will rely more on coal- -
western United States. .- ' as a source for synthetic oil and gas.
110
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CF sil Fuels: Coal, 0il, and Natural Gas
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PLACE THENUMBER OF EACHPIGTUREIN

FRONTOFTHEDESCRIPTIONT TRTSIT
BEST. -

When the giant plants died; they
formed rotted vegetable matter -
called peat. For thousands of
years, plants grew, died, and

_2._ formed layer upon layer of peat.

When the seas were gone ggain,
‘heat and pressure from the layers
—9— of rock changed the peatinto coal,

More than 250 million years ago,
forests of gigantic ferns, trees, and
grasses covered vast swamp lands
—!__ andstored upenergy from the sun,

Later, whenthesurface of theearth
changed, seas covered the land
and deposited layers of shale,
limestone and other rock on the

-1

/4 HOW COAL IS MINED

Strip or Surface Mining

Uses huge bulldozers and power
shovels to remove coal from a shal
low seam nea- the earth's surface.

ACTIVITY 1119

Deep or Underground Mining
Tunnel or shaftis builtintothe sarth
tothe seam of coal sometimes many
hundreds of feet below the surface.
Workers and equipment remove the
coal through the tunnel or shaft,

Read each.set of statementsbelow. If there were nothing else to consider, would you
think that surfave or deep mining {or both) is the best way to obtain coal? Write your

choices on the btanks at the left, using S (for surface) or D {for deep).

SURFACE MINING

Each miner can produce 30 tons of
coal a day.

- 2 90percentofthecoalmasurfacemine
can be removed '

S & In 1974, surfacesmined:coal cost
§11.11 aton,

3

__D_ 4. Forestand fields, along with their top-

o, are turned over before the coal is
femoved — at a rate of 1000 acres a
wweek New laws in every state raquire
" land reclamation, but the costis added
'to the price of coal.

!/

: }ﬁ 5. Some coal, very close to the earth's

- surface, can only be recovered by sur-
faca mining, * .

‘ ment.

\

DEEP MINING

Each miner can produce 10tonsofcoala
day. f’;

5060 percent ofthe coalin a doep mine
"Gan be removed.

n 1974, deep -minsd coal cost $19 86

" ton.

Much less damage !0 land and environ-

e

Some coal, very deeply buried, can only
be recovered by deep mining. . -

Itwould be easy todecida how to mie coal i there wers oy one set offacts to consider.
Asyou have seen, however, there aremany. What would you sayisthe main advantageof_

surface mmmg? Leonimic)

What would you say is the main advantago of deop mining? mugmum
7

Can you think of a compromlso?
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: How Coal Jis _Us'ed'

ACTIVITY 1110

This activity follows coal from the mine to your electric light. S

- -

T T
P
- ’ - [
- "
o L N -
s Pa I -]
- -
AN~ : N
- 9 - h h‘
1

L4

. 1. Coaljs minad either by surface or under- -

ground mining. Before itleavas the mine,
it is cleaned, crushed, and sorted.

-

. About 2/3 of our coal is transported by~

rail, much of it in special cars. One coal
train can carry as much as 15 000 tons

- per trip. - .

. 46 pnrcent ot U. S electncal generators
are/;oer:}red by'coal. Power plants burn -

coal toturn water into steam. The steam
turns a turbine, a series of wheels with

vanes like a windmill. The turbine rotates

coils of wire in a generator through a°
magnetic field to produce electricity.
C /

. Electricity is transported on wires at very
‘igh voitages. Electricity is usually not _
shipped more than 600 miles by wire be- '

cause of expense and loss of energy
Only 26 percent of the original ene'gy
remains when the electnt_:lty is used.

. Elet:tric'ity lights the lamps in your hame.

How many other uses of electricity in

your home can you name? Write themon .

the back of this paper. Then place a star
before those you think you could do
without ‘

Some Facts AEkout Coczzl T

Decidewhether each of the following facts i isa problem (P)or an opportumty {O). Put abP
oran O—orboth-—ineach blank. On the back of this sheet, write down ways some of the
problems could be overcome. Compare ideas with your classmates.

-~
P

—0 1. 90 percent of U.S. fossil fuel reserves
(coal, oil, natural gas) are coal.

—l 2. Some deep mines are dén’gerods.

—La 50percent of ourmmeable coalisinthe
western United States. .

o>

S | 112
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4. We have enough coal to iast for 350

_years, at current level of use.

5. Mining coal can cause damage to the

environment.

6 In the‘future. we will rely more on coal
as a sougce for synthetic oil and gas.
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| As marine life died, it settled t the sa bottom ad
{became buried in layers of mud and sand

%d

Some Scientists beheve patroleum formations began
millions of years ago. When tiny marine creatures
abounded in and near the seas as they do today.

4“‘

q

. The organrc matter Held in mud and sdt was changed :
. |to.gas and o probably by gradul decay, heat, pressure \

" [and possible bactenal and radloecﬁve aetlons

FIGURE §

.

£ dunNoHia

As rmlhons of years passed pressuge compressed the
deeply ‘buried Tayers of mud, slt, and sund into
ayers gf rock o | ¢ -

Earthquakes and other earth forces
bockled the rock layess. -

w1\ -w

. \;,‘.»

The patroleum migrated upward through porous rock]
- until it became trapped under non-porous 1ok,
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Oi! and Gas Fields in the United States

FIGURE § -

N

MDC..OO\U U.S. Humnvw:n‘-@.....u of the tnterior, W.S. Energy Fact Sheats 1971, February, ._.@.N“w.

=
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Activity 11 _ ' @

Objective: The student will fractionally distill salt
: water and methanol and recognize the
apphcatlon to petroleum.
What to do" ’
- Matenals needed Ring stand, Bunsen bumer, ﬂask glass
: tubing, two-hole' stopper, one-hole
/ stopper, beaker, salt water, test tube,
methanol (duplicating: fluid), water,
,-' " boiling chips, thermometer.

/ Set"u the apparatus as shown in the diagram below.

Using boiling chips, boil the salt water. ‘What happens?
Replace the salt water with a solution of methanol

Fractional
» Distnllatson

-of Ao :
Crude Ol 340°F-lightgasoll

| S .7 *235°F-naphtha

a3t tube

- cooling water

700°F - Heavy gasdli

~ 510°F-gasoll

215°F- gases

and water. Using two-hole stopper, put thermometer into
flask in one hole, tubing in another. Heat the flask,
recording the temperature - every’ 30 seconds. Which
vaporgzes first? At what. temperature? .
Teacher note:

The process of fractlonal dxstxllatlon is a method of
separating liquids with different boiling points. The mixture
is heatéd gradually until one liquid boils and changes to a

gas. The gas is led away and’ condensed. ‘This process

continues until all liquids are_ separated. In this activity,
pure water will be evaporated, leaving salt water, and
methanol will vaporize first from the water. '

* This is the process that allows the separation of crude
oil into so many products, as shown below.

'
v

F
. 2

space-NO STOPPER
P

Typical Products from crude oil

waxes
asphalts
heavy fueloils

~ dieseloll
- furnaceoll

lightfurnaceoil  «
kerosene

)

gasoline . -

liquified petroleum gases

Activity III-12

Objeciive: The student will research newspapers and

magazines.to report on tankers which have -

run agrourid ‘and the damage t.'nat has been
done

What to do? N :

. Have the students research old newspapers and
magazmac on ail spills which have occurred when tankers
have run aground or broken up. Have them report on
reasons for the disaster, number of gallons spilled, success
or non-success in containing the oil, damages reported as a
result of the sﬁiﬂ and possible longterm implications.

Activity IH-13

Objective:.{-' The sttident will try to find ways to contain
S or remove an oil slick.

What to do? :
- Materials needed: Cooking oil, pan,_ water, straws,
sponge, paper towels, stop watch.

- ‘Teacher note

Make a mini-oil slick in a pan of water. Have the
students use the materials listed (and any more they may be
able to think of) to try to remove theoil from the water.
Record the length of time for each method..

Activity I-14 A

Students will complete a maze to observe
‘the. speed of travel of natural gas . in
‘pipelines.

Objective:

What todo? '
Have students complete the maze on the following

page.

BN

From Amarillo,  Texas to Philadelphia -

" approximately 1500 miles. If the. gas travels at 15 miles per

hour, it would take 100 hours for the trip, or from Friday
morning to Tuesday afternoon._ This activity could be
varied for any city. It is adapted from CONCO Energy

Activities.

115 ~ I
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o |  ACTIVITY 114 -

~ . . .

GAS is transported -loné ,distanbes by modern pipe lines. The gas travels .

at about 15 miles per hour. When would gas that is produced in " . ”
Amarillo, Texas on Friday morning reach Philadelphia? Complete *
the maze to find out— - ' '
B N
4 .
-~ - ‘ A N ) . > ) kY
Philadelphia = ] " Philadelphia -~ | " Philadelphia. | -~ Philadelphia :
_ Thursday = = | - Tuesday '{... Wednesday . . Friday’
_ Night 1 ~ - Afternoon . *  Night . Ngat o .
o - ’ B § U S I :
ERIC - : - | '
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Activity 15 -
Objective:  The student Wil complete the crossword !
' ' puule : ' . '
2 3 . /
- .
/ . N
,‘\ .* ® \
3 \ s — | : . -i
& - 7 7 - ‘
S—— i
. i -
—_— hd o e e W,
< 9 -
ACROCF N DOWN
4.-A fuel made. from peTfO‘(“dh.. 1. A plafe where crude oil is
(oil) that is used in most au'o- changed intc. gc*olme and
. mobile mo!{t)rs | other producfs |
5. Usuolly o large container for 9 4 !mu found deep in the
oil, QC’SOIJ”E efc. ' earth and is oﬂen ccz“ed
6 Ozl and gas cxrga four*d cewp petroleum
" in the . SR .
3. Oil g:ves off . and
8 A Hlln Oll USEG n ,@lﬂ S O"]J .ngO (e V\,:nen it is bU1r| d_
s’roves 4 A k f f
4. A-very thick form of cil
9 Oil or. gos is some’nmes ‘ouwd - y B
~when men . _a hele 7 An m] . — hcw ma“zy_‘
de_ep info the earth. o~ oil wells in it
- 3 . 118 ' From Hayes: Earth Science and Ecology

e

~i A RN ~
v.’i- "\l)\iD AN

[

Crossword puzzle book
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Activity III-1 6

Objective: . - !
Thé student will be able to illustrate fos$1} fuel

formation. , /

What to do?
Have the students make charts or models to ﬂlustrate
the process of fossil fuel formation. ;
- Teacher note: "
Although these processes are going on aﬂ the time,
the time span is so great for completion that we must
copsider our present supplies as'all we will hav/e available.
4

Activity III-17 : L

Objective: - ’
@he student will ‘investigate how fossil fuels are

¢

. formed.

What to do?

Materials needed: Ferns, sand, peat, coal, 10 gallon
aquarium, slides or charts of geologic
time scale.

Have students examine samples of ferns, peat and
coal. Show the students geologic time charts and describe
the physical condition of the earth during the coal forming
processes. Then simulate these conditions in the aquarium.

Fill the aquarium with tap water. Add enough peat
moss to make a one inch layer. Allow one week to elapse.
What is the condition of the water? Include such things as
PH, odor, turbidity, decomposition of peat, etc. Have any
changes occurred in the peat? Suggest reasons for the

" changes, or explain why changes did not occur.

Sift moderately fine sand over the peatto a depth of
one inch. After the sand settles, add an equal depth of peat.
Repeat the process for as long as desired, or until several
successive layers have formed. Is coal still bemg formed
today naturally?

s

This actmty from Mlchelle Alexander and John Neth,

Groveport-Madrson High School Groveport, Ohio.

- 3

Acﬁvity m‘ls . - ) . ) . «

0b3ectrve
."The. students will" research and report on- the
exi:acton, transportation, and use of the fossit fuel.

-

What to do?

Divide the class into three groups. Have each group

research one of the fossil fuels—coal, natural gas, or oil.
Have them report on the extraction, transportation, use and
environmental problems of. each. Encourage charts and
illustrauons.

ActIVlty m-19

~ Objective:
. The student wil debate thel envz.ronrnental unpacts
“of the fossil fuels.. L ;

; What to do?

b

Activity F22. - .

o 119-126

v ‘ 1
. E . i
g . 2

" ‘Debate the "question: Which fuel Has the greatest '
environmental impact: coal, natural gas, or oil.
Activity III-20

Objective: :
The students will examine the burning qualmes

" of several fuels.

What to do?

Materials needed: Candle, wooden splint, sliver of soft
coal, kerosine, alcohol, lamps to bum
kerosine and alcohol, natural ga$’ in
Bunsen burner. # ‘

Bumn the various substances in a laboratory. As each
%s burned, have the students answer the following: Does it |
burn easily? Does it smoke a lot as it burns? Does it give off -
odors? Does the flame seem to be very hot

Activity II-21 -

Objective: - :
The student will evaluate the characteristics of a

“perfect fuel.”

What to do?

Explain to the students that the charactenst:w ofa -
good energy source are sometimes listed as |
High energy potential .

Abundant supply

Relatively easy to obtain

Relatively easy to convert into useful work .
Extraction and use should not have undue
negative environmental or health effects

Equally distributed

Few energy losses during. transpomng and use

Have students rate several fuels with + or - on these"
characteristics. You might want to include non-fossil fuels
as well. The list could include coal, oil, natural gas, wood,
peat, dried cow dung, alcohol, wind, watér power, solar
power, geothermal power, and nuclear power. Pool group
judgements to determine areas of agreement or
disagreement. Ask: What is the possibility of running out of
the-*‘best” fuels? What can be done about it?

NG wpwe

Sotirce: Energy Conservation Teaching Resource Units,

Junior High and dedle Schools Ohio Department of Educatron

L4

Objective: ) :
"Students will recognize the many ways in wh:ch
‘petroleum product, or petrochemicals, are an xrnportant -
part of their lives. . v ;
- -4,
" What to do?
Have students fill in the blanks of the story on

%alge entitled “Petroleum and the Way You Live”

ey may need to lodk up some of ‘the words at the
bottom of the page. Suggest that class members complete
the day by hstmg as many petrochemical products as they
can find m(tlm}: everyday activities.

3 S e

P
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<ACTIVITY IN22

Petroleum and the Way You Lwe

" Fill ln the blanks in the follownng story from the list of words at the bottom. of the page
- (all. products made from petroleum). Each word will be used at least once‘ow many .
‘petroleum or petrochemical products can you think of that you used befg SOt i '

24
morning?
-l

) ’ . ) - PN

Sam Super. a seventh grader at O.K. Jumor ngh hated to get up one

' -dreary, rainy day. Sam flrcked on the - . lights -and
_' washed his hair With : ' : - sharnpoo. To cheer himself up,
~ . he put on his brightest plald i ' 2 swegter. bn the way _
o ‘ downstalrs Sam passed his sister's room as she was flxlng her new hairdo
, with her can of S haurspray Down in the kitchen,
~ Sam’s motr{er had fixed him some eggs ina_— -coated
_ pan, using her range. Sam s mother complalned
\_ ° .. thathe ate too quickly from the colorful : ' plate and

" insisted thaC because it was raining, Sam wear his.. _
boots..All that hagssle had given him a headache, so he gulped down an
grabbed his peanut butter sandwich wrapped in

. and banged the ' __ stormdoor
on the ‘way out. On the way to the corner ,Sam slipped in a puddle on the
- roadway Flnally he climbed on the bus, powered i
’by high octane - He sank back onto the —_
covered seat and unrolled a butterscotch drop from a — —g Z g
_wrapper,’ opened his ——— : notebook and started h:
't homework from’ tpe nrght before | . 1\ i o
o5 : )
plexiglass ' .. plastic wrap aspirin
. tefion S gasoline  electric
detergent : vmyl | ) natural gas.
aerosol-propelled acrylic knit : | synthetic leather L
asphalt. . . . melamine plastlcware \ ___cfgllog:hane e

" synthetlc rubber -

-
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| _ ' - ACTIVITY 122
Petroleum and the Way You Live .

Fill in the blanks in the following story from the list of words at the bottom of the page
(all products made from petroleum). Each word will be used at least once. How many’
petroleum or petrochemical prod ucts can you think of that you used before school this

morning? .
Sam Super a seventh grader at 0.K. Junior Hug\hated to get up one

dreary, rainy day. Sam flicked on the lectie) lights and

washed his hair with Aelenger shampoo. To cheer himself up,

[ 4

he put on his brightest plaid /‘m;%“/ Al sweater. On the way

-dow'nstairs, Sam passed his sister’s room as she was fixing her new hairdo
with her can of @£zeasl- propeliesl hairspray. Down in the kitchen,

Sam’s mother had fixed him some eggs in a ’64‘4"'/ -coated
pan using her WWM@Mrange Sam’s mother complained
that he ate too quickly from the colorful $ nebam ne placticwsne _ plate and

insisted that, because it was raining,.Sam wear his gyr2hie publonm vimgl
boots. All.that hassle had given him a headache, so he gulped down an
- : aepvwd , grabbed his peanut butter sandwnch wrapped in
M cnap + ‘and banged the #&AW storm door

on the way ‘out. On*the way to the corner Sam slipped in a puddle on the

aophott i roadway. Fmally he Q[lmbed on the bus, powered

L d

by high octane — /%M He sank back onto the _{“_‘%—

Ly

covered seat and unrolled a butterscotch drop from a /“"“’7"""”“—’
| wrapper opened his W W notebook and started his

) homework from the nlght before.

~’
plexiglass plastic wrap _ aspirin ,
tef'on " ‘gasoline h_ * elcctric, - @
. *‘ﬂ"’de ergent .« vinyl natural gas
| | aerosol-propel%d -acrylic knit | synthetic leather
asphait melamine plasticware cellophane
’ Ty synthetic rubber _
- ' : o : &
Q s 123 . '
137
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HYDROELECTRIC POWER
A hydroelectirc power plant uses falling water to spin
turbines for generating electricity. There are not many
more areas in the -U 'ted States where hydroelectric plants
_can” be built. Re
away from the electrical demand: Developmg these "sites

would have potentially adverse effects on increasingly
scarce wildemness areas. Hydroelectric pldfits produce no

potential sites are in remote areas -

waste heat but the effect of high dams on ﬁshe:y resources

can be ental. -

- Objective:

Activity II-23

The student will demonstrate that falling
¢ _ water can do work.

What to do? .

Materials needed: cardboard, toothpick, thread, paper

clips, gallon plastic milk container,

ne-hole stopper, two-inch length of

glas tubing, . two-foot piece of rubber -

tubing, medicine dropper.

Cut four slits in a circle of cardboard and fold back
the edges, as shown below. Push a toothpick through the
center of the circle. Now you have a water wheel. The
toothpick is the shaft. The folded parts are the blades.

Fasten one end of a thread about 8” long to a chain
of three paper clips. Tie the other end of the thread to the
shaft of your water wheel. Be sure it is tied tightly enough
.tokeeping from slipping. -

* Place the edge of the wheel under a stream of water.
Hold the ends of the toothpick lightly between your
fingers. The water will tumn the wheel. The thread will wind
up on the shaft and pull the chain of paper clips along with

it. Did the water do any work? What kind of energy did it
use?

Cut 'the bottom out of a gallon plastic milk container.
Fit the top of the container with a one-hole rubber stopper.
Place a two inch length of glass tubing in the hole. Connect
one end of a two foot piece or rubber tubing to the glass
tubing and insert the glass part of a medicine dropper into
the other end of the rubber tubing. After filling the milk
container about 2/3 full of water, hold it upside down. The
flow of water can be controlled by pir;dhing the tubing.
Direct the stream of water against the pin wheel. The effect
of raising and lowering the milk jug on the speed: of the pm
wheel €an also be studxed .

" I# toothpick

" step#i
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Aruitoxt provided by Eic:

NUCLEAR POWER

On December 2, 1942, an event occurred that was to
-help shape the future. On that date, the first controlled,
self-sustaining nuclear chain reaction. took place under a
stadium at the University of Chicago. o

The hamessing of nuclear energy takes place in a“' )

nuclear reactor, which is part of a nuclear power plant. In

_the reactor, fissioning uranium produces heit energy which

is used to make steam to generate electricity. The fission
process is discussed in Module I. The only real difference
between a nuclear power plant and a fossil-fueled power
plant is the method of heat production;the end product,
electricity, is exactly the same. Nuclear energy, as a primary
energy source, has little use other than to generate
electricity or steam in large central power plants.

et

e
-

o £

.

Most U.S. reactors which are now being used to
produce electricity are called light water reactors, because
water “is used to moderate or slow down neutrons to
improve the conditions for fission.- Other reactors use
deuterium (heavy water) as a moderator.

Figure 7 shows the location of operating and

planned nuclear power plants as of January, 1976.
Uranium is the basic nuclear fuel because it contains

uranium-235, which is the only natural material that readily
undergoes fission. Only about seven-tenths of one per cent
of naturally-occurring uranium is uranium-235. The balance
is uranium-238, which does not readily undergo fission.

The Upited States has become the léading producer

of uranium in the free world. Practically™all the deposits of
commercial-grade uranium found  in the United States
to date are in the western part of the country. Some

Central station nuglear power plants
in the United States

Key
Qperabie . .
Under Construction - T .
Umited Work Authorization

Qn Order )

Letters of Intent/QOptions

’

>sbooe

Atomic Industrial Forum, Inc. -

Q .

58
69
12
80

9

228

125

Reactorsoperable ...................... 39.940 MWe

Reactors under construction .. ... .o - «. ... 72.465 MWe

Limited work authorizations. . .. ........ .. 12,149 MWe

Reactors on.order {including 4 units : TN
notsitedonmap). ... ... 91.855 MWe

Letters of intent/options {including 4 units
notsitedonmap)................ .. ... 9680 MWe

Totat. ..... RN e 226.189 MWe
Januarybl, 1976 .

—



.to  generate-
Environmental issues involved in the normal operation of a

-than the average fossil-fueled plant. Thus mo

shallow deposits are. mined by opeg-pit techniques;
however, most is taken frpm underground mines.

* The environmental impact of uranium mining is
slight, because it takes only a very small amount of uranium
to fuel a nuclear power plant.

The environmental impact of the use of nuclear plants
electricity is a controversial issue.

nuclear plant include radiation release and waste heat.

With or without nuclear power plants, radiation is
around us all the time. Natural radiation is found in soil, in
rocks, and in our own bodies. In addition, we are
constantly being bombarded with cosmic radiation from
outer space. This background-or natural radiation seems to
do no significant harm to humans. Large doses of radiation
can be extfmely harmful, however. Many complicated
factors detefinihe the effect of a given dose of radiation,
but sickgesy or even death can occur in the pérson
irradiated, ahd genetic effects can occur in the person’s
future offspfing.

We 4re exposed-to some sources of radiation besides
the natural background. Chief among these sources are
medical x-rays and radioactive medicines. We also receive
some radiation dose from fallout from weapons testing.

If you lived right at the boundary of a modern
nuclear plant, the additional radiation exposure you would
receive would hardly be measurable compared to the
background radiation you are already receiving. In one
year, it would be about the same as the additional cosmic
radiation you would receive during one transcontinental
plane flight. ;

Nuclear power:plants emit significantly less chemxcal
pollution .than fossil fuel plants. '

We have already said that all electrical generatmg
plants that use steam share the problem of disposal of waste
heat. This problem is somewhat greater for nuclear plants
than for fossil-fueled plants. One reason is that nuclear
power plants discharge almost all theigwaste heat into the -
cooling
their waste heat directly into the air.along with the gases

- released from the plant’s stack. Also; nuclear power plants

are slightly less efficient thap modern fossil-fueled plants,
so they have more waste heat to dispose of. Finally, the
average nuclear-fueled plant has a larger generating capacity
1eat must
be disposed of at one focation. - =

.~Apart from these.two envu'onmental ‘considerations
in the’ day-to-day operations. of a nuclear power plant, even

‘more controvérsy ‘eXists over various aspects of safety.

Nuclear power# plants  umdoubtedly have an-
outstanding safety record. No member of the publlc has
ever _ been injured or killed by the operation” of a
commercial nuclear power plant. Theé basis for nuclear
power safety lies in the safeguards built into each plant.
After a nuclear plant is designed to operate properly, its
designers assume the failure of -various safety-related
equipment. Then they design -auxiliary systems to keep the

. plant safe despite such failures. Finally, some of these

auxiliary systems themselves are -assumed to. fail. and

. additional backup systems are provided. to still keep the

plant safe. The result is layers of safeguards.

.1")

ra

-

The ccre of a nuclear reactor consists of several
" hundred fuel bundles. These bundles are made up of hard
ceramic-like pellets of uranium oxide. The arrangement and
dilution of this fuel is exactly opposite from that needed to
produce a nuclear explosion. Therefore a nuclear power
plant cannot blow up like 2 bomb. '
The fuel pellets themselves tend to retain most of the
radioactive byproducts of the fission process. They thus
form the first in a series “of barriers to prevent the
uncontrolled release of radioactive materials from the plant.
The second barrier is the sealed metal tubes which enclose
the pellets. The reactor core is in turm inside a 6 to 8 inch
thick steel reactor vessel “weighing several hundred tons.
Surrounding this is a steel shell and concrete containment
structure at least' three feet ‘thick. This is designed to
protect the reactor from outside forcesssuch as axrplane

. crashes or earthquakes.

The fuel core of a reactor is immersed in water, which
is heated by the fission process to form steam to drive the

' turbine. This water also moderates or slows down neutrons

so that fission occurs more readily. If all this water were
lost, fission would cease immediately, but the core would
still be dangerously hot--perhaps hot-enough to melt the

&y core and release radioactive materials to the atmosphere. To

ter, while fossil-fueled plants discharge some of - -

6

\. facilities,

‘prevent this, there are standby systems to reﬂood the
reactor vessel and cool the core.

Nuclear plants cannot be built or operated w1thout a

license from the Nuclear Regulatory Commission, the

- federal agency charged with regulating and licensing nuclear

The Nuclear Regulatory Commission recently

sponsored a study which came to the following conclusion:

Assuming 100 operating reactors, the chance of a nuclear = -

accident involving 1000 fatalities is about the same as the
chance of a meteor striking a. U.S. populatxon center,
causing the same number of deaths.

Many "opponents of nuclear power queonn the
findings of this report, and say that the chances of a serious
nuclear accident are much higher. Others say that even
.through such a serious accident is very improbable, the
results would be so highly destructwe that the nsk is still
too great

" The radioactive waste from nuclear power plants is
a cause for somre concern. Every year or two, a nuclear
power plant must be shut down so that some of the
depleted fuel bundles in its core can be replaced. This
depleted fuel is highly radioactive, and must be maintained
in carefully controlled storage.

It is possible for the depleted fuel from reactors to
be reprocessed and recycled, although no‘such’reprocessing’
has been done for some time. It had been envisioned:that
this reprocessing would be, done at special plants. After
usable fuel was extracted, the waste remaining would be
.solidified and sealed in specially designed cannisters, then
placed in a carefully monitored federal repository. These
-wastes would remain radioactive for thousands of years.
To simplify the long-term surveillance commitment, several
alternatives for permanent, unattended storage were being
assessed. The most promising seemed to be burial in
deep-lying bedded salt,deposits or granite rock. The volume
of these splidified high level wastes would be relatively |
small-a typical nuclear plant would produce about 100

LR BV
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cubic feet annually, about the same vo]ume -as two
telephone booths

The future of these reprocessing plants was clouded’

when on April 7, 1977, President Carter called for a ban
on such reprocessing. This will be discussed in Module 1V

With or without reprocessirfg, the radioactive waste
from nuclear power plants wijll have to be dealt with.
Techniques are being developed for processing reactor

wastes into vitrified solids. Pilot testing has been delayed .

by ERDA on the grounds that there will not be sufficient
wastes from power plants until 1986 to justify the effort.

' ~Nuclear power opponents point out this lack of

" present provisions for handling these wastes. Periodic )

problems with large volumes of radioactive wastes from
military sources add fuel to the controversy. Some people
question whether we have the right to make a “Faustian
bargain™ with society-nuclear energy now in exchange for
long-term vigilancé of future generations.

It should be remembered that nuclear power plants

-are not the only producers of radicactive waste. In fact,

most of the“radioactive waste produced through the year
2000 will come from nuclear weapons and nuclear navy
use.

concerns its dependability. In January, 1977, the eastern

United States was in the grip of the coldest weather in

history. On January 17, ice clogged the Ohio River,
preventing delivery of coal and fuel oil to fossil fuel
generating plants. Natural gas pipeline supplies were
curtailed and rationed. Coal piles were useless because tiey
had frozen solid. However, nuclear power plants were able
to operate without interruption, averting massive electrical

_power failures.
Who can decide thgse complex issues when eveé’

scientists cannot agree? Ultimately the citizens of the
country must decide, as they have already been asked to do

-in several state referenda. And that decision must be made .

after considering a séries of trade-offs. Do the berefits of

electricity from nuclear power outweigh the Tisks invblved?

What are the alternatives? What risks would we be running
if we have inadequate electricity supplies? The answers are

not simple.

Activity. II1-24

Objective: i
The student will observe the effects of radxatron on
photographic film. .
What to do? '
Materials needed: A radxoactnve source such as cobalt-60.
' a key, Polaroid- 3000 (speedgraphic)
film, drawer.
Tape the radioactive source to the key. Place both on
a Polaroid film pack and place in a drawer for a week.

Teacher note:
The radioactivity ermtted from the source will put an

xrnage of the key on the fim.

One small foot-note to the nuélear "power discussion .

" radfoactive?

1

~ -

Activity T11-2S

Objective: .
The student - will observe radioactivity in
atmosphere through use of a Geiger counter.
What to do?

the

"

Materials needed: Rock and soil samples, Gelger counter -

(possibly. can be obtained from high -

school .science department or civil

defense headquarters) .
Get a count of the background radiation in thesschool

1

room. Then hold the Geiger counter over various samples of

rock and so#, and other items in the room and around the
school. Compare the activity of the Geiger counter when
held over the various items. Whichsseem to be most

- /' 4
Activity I11.26 )
Objective: The - students  will compute their own
_ approximatg radiation dosage.

What to do?

Have students complete the activity “Compute Your
Own Radiation Dosage ™ which follows Have them compare
their results with other classmates, and with" the U.S.
average. If you wanted to reduce your radiation dose, how
could you do rt" :

S

Objective: ’ :
The student will complete the map and locate the ’

nation’s resources of fuels. ™ . .

What to do? . E .

Usmg the map which follows, have the ‘students locate
the nation’s fuel resources with an appropriate symbol You
may want 1o do the same thing with a map of the world.

Py it

are these"
Activity 111-28

Objective: :
The student: will identify the basrc parts of both"

plants
What to do? -

The student will fill in the blanks on the actmty called
“Nuclear Energy” .which follows. Ask: What .are the

" similarities and differences between nuclea.r powered and

fossil fuel plants? ‘ -

>

-conventional and nuclear-powered electrical generating - -

w



’
‘ombpute Your Own. Radlatlon Dosage - ACT lViTY 1126

We have seen that rad:atson is all about us and is part of our natural environment. In this exercise you
wnll get an. ndca of the amount you are exposed to every year. The unit of radlatlon used here is - the millirem.

WHERE YOU
LIVE

WHAT YOU EAT
DRINK AND .
~BREATHE -

HOW YOU LIVE

"HOW CLOSE YOU
JIVE TO A NUCLEAR
PLANT -

’

5

Courtesy of San Diego Section o 2 S
American Nuclear Society S

Location:

Compare your dose to the US. Average,o?'zoo mrem/y_ear

Common Source of Radiation

Cosmic radiation at sea level

. Add 1 for every I00 feetof
elevation where you live | o -
" House construction: Wood 35
e . Concrete 50
S Brick 75,
Stone 70 -

Ground (Us. Average) C - ‘ . B

Watew. and food (U..S:Avefage)
Air (US. A\'/erage)' v - : -

N
-

. Jet Axrplanes Number of 6000-m11e ﬂxghtsx4

Rad:um Dial ‘Wrist Watch Add 2

Telev:sxon_ ‘Viewing:

Black.and white: Number of hours per day x 1

Color: . Number of hours per day x 2

X—rﬁ‘Bnagmsis_and"Fn{tmem
. Limb x-ay: 420 R

Chest x-ray: 150

Stomach xzay: -350/ - >
Colon xsay: 450 '
“Head xqay: = 30

< Spinal x-ray: 250
Gastrointestinal tract x—ray 2000
Dental x-1ay: 20

At Site Boundary: Number of hours per day x .2

AS

One Mile Away: Number of hours per day x 0.02. .
Five Miles A';vqy: Number of hours_per daj” x 0.002 Y

TOrTAL

W

‘&‘Your Annual lnventory
(mrem/year)

40
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: N“Clear Energy (PART 1) o I, e
~ Ong of the energy resources being considered to supplement od limited ol and natural o S
gas supplies is nuclear power, created by the splitting apart of atoms of uranium, This'

- " powercan be capured and used to create steam which produceselectricity much as the
-+ power of burning coal is uséd in an electric generating plant,

: . The diagrams below show two kinds of electric powerpla'nts_ Theyare much alike except’
thatone is powered by nuclear energy produced in a nuclear reactor. Canyjou label the

-+ parts of the two plants. All the words you need appear af the battom of the page. An
© encyclopedia of other reference book may helpyou. . -

Cor N .

N, 6A

1
| ,;,i-f o -
A - 8 —
| | o | ¢ & o ! | | . t
~ " FOSSILFUELELECTRIC GENERATINGPLANT: ~  GEMERATOR TURBNE .~ STEAM -
" NUCLEAR POWERED ELECTRIC GENERATING PLAT - BOILER TRANSMISSION LINES -~ REACTOR
j CL S 0 STEAM T . FUEL(1l)c . GENERATOR oo
LR __ G F " TRANSMISSION LINES  TURBINE FUEL (% miffon ths) ~
Q ‘ - ET S . ’ : . -t ’ |

140



NuclearEnergy PR hewEs
Oneoftheenergy;esourcesﬁemg considered osupplement our limited oil and natural . . - '
+ - §as supplies is nuclear power, created by the splitting apart of atoms of uranium. This ' S o "_

- powercan be captured and used to create;steam which produces electricity much s the .
power of burning coal nsqused In an electric generatmg plant. - o

Theduagrams elowshowtwokmdsofelectncpowerplants Theyaremuchahkeexcept R
© thatone is powered by nuclear energy produced in a nuclear reactor. Can you label the o
parts of the two plants. Al the'words you need appear at the bottom of the page. An'

encyclopedla orjother reference book my help you.

St Gl Bl st @w o m@mm mwmm -

FOSSIL FUEL ELECTRIC BENERATING PLANT GENERATOR - TURBNE  ©-STEAM
| NUCLEAR POWERED ELECTRIC GENERATING PLANT, - BOLER ~ TRANSMISSION INES  REACTOR
g S STEAM T RUEL(Th)  GENERATOR -
4. .. -TRANSMISSIONLINES TURBINE FUEL (2% million ;ps_j_ ’

10



Actwvity IHI-29 N
Objective:
positions ' of

opponems

.nuclear - advocates and

The students will recognize the contrasting .

What to do? . '
Have the students study the positions in the followmg
article. Discuss the article in clas Ask: How can you
evaluate these posmons" : -

THE GREAT Nﬁ’CLEAR POWER DEBATE

A SUMMARY

(From “Scxence News,” Jan. 17, 1976)

A

%

The debate over nuclear energy is heating up again, with opposing positions more solzdzﬁed than ever. A recent Harm Poll -
shows 63 percent of Americans. favor more nuclear power plants, but another poll shows 40 percent still have no firm
~ opinion.’ During this year’s elections, referenda on allowing construction of more nuclear reactors will appear on ballots of at ‘
least two sites, and recent Congressional hearings have highlighted the issues involved. In this first article of @ two-part series
we present the contrasting, and often irreconcilable, positions of nuclear advocates and opponents. The second artzcle will
. concentrate on the most controvemal aspect of the debate, the breeder reactor.

OPPONENT

ADVOCATE

Utilities gre beginning to ’teahze that nuclear power
isn’t the blesslgg it was thought to be. Within the last two

years they have canceled. or delayed orders for the -

equivalent of 130 large nuclear plants. Construction costs
range from 10 ‘to 46 'percent higher than cenventional
plants. Uranjum prices have tripled over the last two years.
Reactors would never have gotten this far (eight percent of
the country’s power-generdting capacity) without hige
Government subsidies; befode they can develop further,
more huge subsidies will ‘e needed
enrichment plants to transform natural uranium into the
fuel used by reactors. Once built, the reactors have not
performed. as reliably as hoped, running at less than
- two-thirds capacity. The breeder reactor looks €ven worse:
.Development costs are projected to be $11 billion, but the
actual cost of building a breeder demonstrator project at
Clinch River, Tenn., has escalated frem ‘$700 million in
1972to $1.7 ‘billion-today.

to build new .

.

PO

ECONOMICS

half months a year; nuclear plants,

Despite constructigh cutbacks  causéd by the
recession, nuclear energy is still a- bargain, generating
electricity at 40 percent less than the cost of fossil-fuel
plants, even after considering construction costs. In 1974,
nuclear plants saved the country the equivalent of 163
million barrels of oil—some $2 billion worth. The price of
uranium is such a small part, of the total cost that it could
quadruple again and nuclear energy would still be cheaper
than conventional power. The initial Govemnment subsidy
of nuclear reactors has long since been surpassed by private
investinent, ard the projected economic benefits of the

breeder reactor are more than 12 times the cost. Of the cost

increases at Clinch River, 60 percent were due to inflation
and 20 percent were due to design changes. Nuclear plants
are as reliable as conventional ones: From 1964 to
1973, conventional plants operated an average of eight and
around nine.

no ' ‘ DANGER FROM ACCIDENTS

The ofﬁcﬁl Government study of reactor safety, the

so-called Rasmussen report (SN: 8/31/74, p. 117 and
11/15/75, .p. 310) has been severely criticized for
underestimating human error (SN: 11/23/74, p. 330) and
not adequately considering’contamination of land areas by
~ radioactive fallout " following a major . accident (SN:

'5/31/75,.p. 286). The study’s methodology is questionable,
" assumptions such as adequate evacuatitin procedures are
*  unrealistic, and the Environmental Protection Agency says
-thie resulting casualty figures are too low by a factor of 10.
Since the report came out, one of the “accidents that

~couldn’t happen™ did: A technician at the Browns Ferry,-

Ala.; reactor- complex set fire to the electrical control
system, while using a candle to check for air leaks. The
emergency core cooling system was knocked out, water in
the reactor vessel dropped dangerously low, workers argued

with firemen for five hours before following their advice on

_how to extinguish the fire, and no evacuation plans were set
" in motion. : .

134
14

R
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The key finding of the Rasmussen’report was that an
individual’s chances of dying from a- nuclear accident -are
about the same as being hit by a meteorite—one in 5 billion.
This methodology is imprecise but is the most sophlsncated _

.available, and a factor of 10 one way or the other is
practically meaningless. For workers in all aspects of the .

nuclear business, the.qnost danger arises in uranium mines,
not around reactors, and new mining safety regulations are
improving those conditions: The Browns Ferry incident
demonstrates just how well the nuclear safety systems are

- designed to compensate for human error. Despité a fire
. "directly-under the control room, no ‘evacuation was needed

and no damage was sustained by ‘the reactor, core . or -
coolant piping. Despite loss of control over somg of the
cooling systems, alternative methods were -available and

‘successfully employed.-There were no m}unes and no

release of: radioactivity: Regulations governing worker
conduct are constantly being updated. to prevent such
accidents.



Com

' - ADVOCATE

s "ENVIRONMENTAL EFFECTS

. In the normal operatioﬁ of nuclear plants, some
radioactive materials will inevitably escape and expose the
public. Reactors also give off more waste heat than
fossil-fueled plants of the same generating capacity, and thrs
themmal discharge has already adversely affected- “the
ecology of rivers and lakes. The biggest problem, though, is
what to do with nuclear wastes. Already 200,000°tons of

> discarded uranium left over in spent fuel has accumulated

¢’

in 20,500 steel vessels at Oak Ridge aritl other sites. Some.
wastes. remain dangerously radioactive for thousands of
years-long after steel drums rust away. Not only is there a
danger to the public of being exposed to the cancer-causing.
radioactivity of these wastes, but some of them, itluding

- plutonium, are so chemically foxic that accidental ingestion

of even very small amounts can cause death. Even if one

assumed that secure, longrange storage of these wastes

could be found, the cost—including constant guarding for
thousands of years—would be very large

»

The amount of radiation escaping from reactors is
minuscule compared with naturally occurring radiation on
earth; the average person receives one-ten thousandth as
much radiation from the nuclear industry as from natural

. squrces or medical X-rays. Thermal discharge could be used
_constructively—say, to heat homes, as in some other
countries—if the public would accept it. Annual costs of all
environmental effects associated with reactors are.less than
half those associated with coal-fired plants. Nuclear wastes_
are really not as much of a problem as some have claimed:

ng-lived wastes are only half a percent of the total
wastes, and these are now molded into insoluble solid
. masses. By 2010 the total volume of these solid wastes
" could fit comfortably into a single abandoned salt mine (a
very stable geologic formation) at negligible cost. The spent
‘uranium at Qak Ridge is.being saved for usein' the breeder
reactor, where its value could be trillions of dollars.

~ -Plutonjum is less toxxc than many industrial chemicals i

common use.

" TERRORISM

" Even 1f the problems of normal reactor- operauon

occasional accidents, waste transportation and storage

could be overcome, no way has been found to calculate the
impact of nuclear terrorism, or to adequately prevent it. A
nuclear bomb can be made from only 10 to 20 pounds of
plutonium, which is copiously produced in every reactor
and shipped elsewhere for fuel reprocessing.-Qn an NET
television program, an undergraduate student demonstrated
how easy it would be to steal some plutonium and design a
bomb—which experts- from the Swedish Defense Ministry
said would explode. But the aim of the American nuclear

industry is not just to build reactors here, where some

safeguards do exist, but rather to export its technology,
inevitably to countries whose obvious political instability
will virtually assure nuclear weapons proliferation. To
prevent nuclear theft and terrorism in the United States will

- require establishment of what some have called a *‘garrison

state ;7 to prevent it abroad, nothmg cap be done. S *

Relative to the nuclear.power debate, the issues.of
ierrorism and proliferation are simply red herrings—there are
much easier ways to go about either. In the first place, the
“10 to 20 pounds” of bomb material refers only to the
-weapons-grade, mefallic plutonium-239, which never exists
as such anywhere in the whole nuclear fuel cycle. It would-

_take from 200 to 900 pounds of unprocessed nuclear fuel
to make a very crude bomb, or 25 to 70 pounds of the
reprocessed plutonium oxide—~a much more. difficult .
substance to handle than the weapons-grade metal. |
Designing a bomb may be simple (though’ none of the -
Swedish “experts” had actually ever built one), but
preparing the materials requires an extensive industry, and
assembling the device without cooking oneself is actually

- quite a trick. Conventional terrorism is a more immediate

" threat to civil liberities, and the .best” way .to encourage
responsibility’ among developing . countries is through *

~ creation of a working partnerhip, based on such pro_rects as

nuclear power.
S

T - ALTERNATIVES .

Ultimately, the reason nuclear power development

should be halted is that so many better alternatives are

. available, and needed development funds have been usurped
. by nuclear research. Some 40 percent of the energy

consumption in the United States is unneccessary to begin
with, according to some estimates. Savings of that amouny
'could easily be obtained in buildings and cars, through
careful redesign. The unemployment picture could be
brightened if we let people take back some of the Jjobs
machines took from them. For energy increases oves-the
short-terth, more coal could be used if the “(;écper
environmental  protection devices were talled

Geothermal, solar' and -wind energies are waiting to -be
tapped in endless supply in various geographical areas and

- these altemate sources have the added advantage of lending

themselves to small, labor-intensive development. Fmal]y, if

- one insists on nuclear energy, why not wait until the much

[Kc

safer fusion process is perfected probably in the next
century /

135~

Ultrmately; the reason nuclear power must be -
developed is that no other viable alternatives are available,
despite greatly increased funding. The wasteful elements of

- society cannot be changed overnight; the best estimate is

that conservation can hold down total energy growth to
two percent a year—still fast enough to double demand in
35 years. Even modifying 10 ‘percent of the country’s
homes to.solar-heat would save at most 1.5 percent of our
energy needs, but would cost at least $70 billion. Energy
and -jobs go together—just restricting oil imports to their
1973 levels would ensure a 10 percent unemployment rate
over "the next 15 years, if history is any guide.
Power-generating plants using solar or wind energy are now
extremely expensive, causing the power they would
generate over their lifetime to cost two or thiee times as

much as that from nuclear or coal. Opening new coal mines

and power plants and installing pollution devices will take
years and a fiuge investment. Fusion is still chancy.

lag
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RESOURCES OF PRESENTLY- USED FUELS

As we have seen; our major energy fuels are coal, oil,
natural gas, and uranium. Mention has been made of the
short supply of some of these fuels. The fact is that no
one knows exactly how much of these valuable fuels are
left in the ground.

The estimated amounts of various furels which can be
extracted from the ground fall into twd general categories:

_reserves and ultimate resources. Reserves are those supplies

~ which are known to be present (in speratmg wells, for
example, or areas that have been explored.) Ultimate
- resources are ‘estimates by. geologists as to how much fuel
might be present in unexplored regions.

Energy reserve estimates are usually made on the basis
of the .amount of fuel present in a given-location which
can be extracted using existing technology and then sold
at or near the present market value. As mining technology

" improves and the price of fuel -increases, a larger fraction
. of the ‘resource becomes economically recoverable. For
example, only relatively high grade uranium ore is presently

" economical to extract. There is a lot more low grade
‘uranium’ ore available. If the price of uranium goes high
enough, it will become economical to extract this low grade
‘ore. Or if mining techniques ;mprove this ore could be
economically recovered.

" about another 20 per cent of the oil residual.

-

" The same situation exists for other fuels. A large
percentage of coal is left in mines, either because it is not
economically feasible to extract, or because it is left for
support structure for the mine.

Oil wells stop producing when only about a thn'd of
the oil has been pumped out because the pressure in th
ground has been reduced to the point that no-more - og
flows out of the well. Several methods of enhanced recovery
are under study, which may result in the extraction of

To increase natural gas production, ERDA is
investigating methods to break up the tight rock formations
that hold this premium fuel. The goal in such research is
to increast reserves of these fuels—~that amount that can

_be economically extracted and used.

Figure 8 gives one estimate of the amount of
ultimately recoverable US. energy resources. Above the

“center line is shown the amount of resource. For example,

the estimated recoverable oil in the US. is enough to
generate 1 x 1018 BTU’s of ienergy — that’is, a billion
billion BTU’s or a 1 followed by 18 zeroes. Below the
center line is shown the per cent- of energy generated by
each resource in 1973. The chart is very enlightening in
showing how our energy use is out of halance with our
energy supplies ~ 77 per cent of our energy was generated
by oil and ‘gas; where the supply is lowest, and only 18

ULTIMATELY RECOVERABLE U.S.:
ENERGY RESOURCES VERSUS 1973 .USAGE

1018 BTU
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per cent by coal, where the supply is large. It also shows - There is enough known'uranium-235 to last about 40

our almost total reliance on energy supplies that are for - years at projected usage rates.
all practical purposes non-renewable. Nature still forms the Even .though these numbers are only esnmates of our
fossil fuels, but at a formation rate one million times slower energy resources, and different numbers are seen in
than our-consumption rate. We consume in a year what ~  different publications, these estimates should be useful for
nature took a million years to create. The uranium which - bringing the energy problem into focus.” Most of the
fuels present-day reactors is also a non-renewable resource. projected depletion dates given here are well within the
Hydroelectnc power, the only renewable source\gf energy. lifetime of many of us today. . :
‘we are;nmow using to any sxgmﬁcant degree, not b¢ .
expanded very much. . ‘
We have seeq that it is difficult to make an estimate Activity 111-30 - U -
of the amount of: fuel resources we will have available to . , .
" us. But it is even more difficult to predict how long these Objective:
supplies might last. To make such predictions, it is Students will discover the limits of the supphes of
necessary to make some dssumptions about the rate. at oil natural gas
which-a particular resource will be used. Some estimates :
- made by ERDA about domestic fuel reserves are as follows: What to do?. .
- Coal reserves are considered to be 390 billion tons. At the Have students complete the activity “How Long nght
present rate of usage and growth, these reserves would last Our Oil. and Natural Gas Last” which follows )
500 to 600 years. - — .
The supply situation for natural gas is critical. Natural : Actmty. I-31 i - -

" gas is being used at a faster rate than it is being discovered. : 2

U.S. reserves could be exhausted before the end of-the ™ Objective:
century. . Students will learn about the concepts of supply and

Oil reserves are about 35 to 4Q billion barrels w-n.h demand and shortage and surplus and the relanonshxp of

. estimates of undiscovered, ~economical recoverable these to energy costs.

resources ranging from 60 to 400 billion barrels. With the

current rate of usage of more than 14 million barrels each What to do? :
day, these resources could also be exhausted before the * Have students complete the activity “Supply and
end of the century. ¢ _ Demand; Shortage and Surplus” which follows. -
. . .
7
2 : ' .
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~ How Long MrghtOur Orl andNatural Gas Last" ' -

SET

- changes of ancient plants and an{‘rralsovermrllrons of years and were \

" Gasoline that runs our cars, trucks, and planes is madefrom pet- last, \

" Read thefo"o" ing rems thensee ifyou can determrne how long our

i | . | Acrrvmr 130

¢

/
4

e

 Both liquid petroleum, which is more commonly called oil, and natur

(On the back bt this sheet, add #2, #3 and #4 and divids by #, Put the
gas are fossil fuels. Like coal, they were formed by the chemicaR ‘

" number of years in thrs space.)
- number of years

trapped in rock layers of the eart : . .
i the same way, determrne how long our natural gas resources mrght

l

roleum. So are paints, insecticides, fertilizers, and many other man-

| ulactured products. Natural gas is a clean-burning fuel that heals oy us. During 1975, the U.S. produced for useabout20trillloncublc

many of our homes, cooks our food, and serves industry. Together, oil O
and natural gas supply 76 percent of our total energy s, ~o " loetofpatural gas

Item #G Our proved reserves at the end of 1974 were 240 trllllon cublc

oil and naturalgas resources mrght Iast . A ‘- EEEEE N .
",'Itenr#1 Dunng1975 theUnrred‘Statesproducedfromorlwellsabout' Item#? :‘:;rtlycertarnrederyesofnaturalgasareabout202trillloncublc '

3 bllllon barrels of i (2 barrel holds 42 gaIIons) \
lfthrsamount ofdomestrcnatural gaswas allthesupplywehad itwould

’ Itom#z The Federal Energy Administration estlmates that our” [ast about how many years? (Add #6 and #7, and dvide by 45 Putthe

R thrs amount of oil strll»rn the. = . (#2) __brlhon barrels '

proved oil reserves in the U.S. (those known to exist and to answer in s space )

be recoverable) is 38 billion barrels o “ _____ ‘number of years
i . T ! ' U
Hom3: Many geologrsts f'9“fe tha s feirly certain that en i tem #8 The hrghest estimat of undiscovered natural 0as 1SOUrCes’s .
tronal 27 bilian S2rrels-of oil. reserves exisi. oo £55 trillion r:ubic yeey

‘lf this amount is true about how many years might our supply of natu ral -

gagge all wehad, andifwe +(#3) billion barrels - gas last? (Add #6, #7, and #8, and divide by #5. Put answer in this
Bhncrease ordecrease our - o space) |

ProduENSRA~e year, in 2oout - -

how manyy aswould the US. ——— billen barrels

run out of domestically prodliced | AR
hy . (#1) _.._brllron barrels “BUT... the United States is now using each year almost double the il
il {dd #? and #3, and divide , that it produces from its own reserves. Where does this addrtronal oil. .

by#‘) Lo . ‘ - 9
‘ - o ————-—~number of years come from?

N
number of years -

d ltem #: Tbe highest estimate is as much as 127 billlon barrels of - What could hap‘pen if our usage continues 10 increase eachyear? -
additional domestic oil strlundrscovered S A B
D What if oil and natural gas usage incteases in other countries? = -
Hrtem #4rstrue and rfwe donotincrease ordecrease ourproducuon I

howmanyyears mrght our possible total oil esources last? " Atwhat time in your ffe could the U.S, run out of oil and natural gas? -

L
1



Supply and Demand'
-Shortage -and Surplus

Finishthe story byfllllng intheblanks. Think of the nght answer. Then see if it appears in the answers
below Put lts number in the blank. Some" answers may be used more than once

Apossmus ANSWERS: L

.40 ° ﬂ 7. shortage '
2. lowered 8. raised
3. supply - 9. surplus

4. 200 gallons 10. 160 gallons
5.$3.00 - * 11: demand
6:5galions - - - 12.$60.00

v

Mr. Smith.‘a gasoline station’

owner, received 200 gallons of
gasoline regularly each week.
‘His 20 regular Smalltown cus-

Y the gas they needed. Although
some we€k's some people

" less, average use was 10 gal-
lons a week. The total demand
- -for gasoline each week, then, was
. As you have seen Mr. Smlth s supply was

« happy about the whole thing. The supply was -
.equal to the :

»

-+ Mr:Smith chargéd 30¢ a gal'lon
for gasoline, a price that was

A by the other station in town.
" Each regular customer spent
‘an average of

each
week Mr Srnith received
for

gasoline. When theother stationreduced its price

per gallon by a penny, four of Mr. Smith’s regular

customers deserted him and went across the

street. He was still getting a delivery of 200 gal-

lons a week, but now the demand was only

He had

gallons left over. This un-

bought quantity of gasoline is called a

To get rid of the surplus,
Mr. Smith his price. His

- other regular customers bought up the

ure-trips into the city.

tomers were used to buying ail.

‘boughtmore and some bought "

Everybody was pretty.

" had'a
charging 30¢ a gallon, he didn’t make enough to”
.pay the cos;s of his station. - L.
[ S

"about the same asthat chargeti )

and took a few more pleas-

1 -

-
~f R -

and the other'statlon each re-
ceived only 100 gallons of

. short of gasoline that week. -
- Their customers’ demands
q:_,were still the same, so the
~pUmpS: soon became empty..
- *"No More Gas!” the sign in
front sald Halfway\through the week. Mr. Smith
_ of gasoline. By still’

-~

The next week he raised the
price to 60¢.a gallon. Even at’
“the higher price, most of his
customers still had to buy gas

so he sold all 100 gallon&
How ‘much money did he receive?

‘Several weeks later; Mr. Smith .

gasoline. Their suppliers were

to drive to work and do errands,

What wasthe average amount each

of the 20 regular customers spent? .

of gas ‘each: customer used?

., What was the average amount

-

were on a fixed budget and -
couldn’t afford to spend more

customers got to the station
after the pumps were empty
and couldn’t get all they

‘needed. Some of the other station’s customers
came over to Mr. Smi.th's station. The demand was

Mr. Smith

greater than the

Y - Some of Mr. Smith’s customers

o

than $3 a week for gas. Some-

his gasoline prices again.

Discuss inyour class wa;s in which the people of
Smalltown might solve their gasoline supply pro--

blem.

-

ACTIVITY H1-31
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_ELECTRICITY. o

>

L -

"+ Electricity is a secondary energy source-that i

Today, about 27 per cent of the primary energy consumed.
"in the US.is used to generate electricity. This percentage is

- y_expected to increase because most of the energy sources
that are expected ta be available to us.in the future are best 'Y

3

‘follows:-

" United States, helps

suited for producing electricity. Because of its importance -
m our day-to-day lives, electncxty is mcluded in this section’
on enérgy sources. ’

In 1976, an estimated- two tnlllon lo]owatt-hours of
electricity were -generated, with coal contribufing 47 per
cent, oil 17 per cent, gas 13, per cent, hydroelectric sites 12

-

. per cent, and nuclear sources 11°per cent.

This. electritity was used by the consuming sectors as
.residential 32 per cent, industrial 41 per cent,
commercial 23 per cent, and other 4 per cent.

. itis -
 produced through the use of some other energy source.

‘

"The National Electric Reliability Council, which ..

encompasses essentially all, of the power systems of the
utility specialists to provide
information on the fuel supplies and generating capacities -
that will be required in the years ahead. Their 1976 report
gives projections for '1985. In this report.they conclude
that the .nation has moved closer to an electrical energy
crisis. ‘In" their view, a variety of restraints, largely
govemmental on power plant locations and emissions, on
fuel avaﬂabxhty, and on the availability of financing are the
major. " factors adversely affecting electricity supply
-prospects through 1985. The NERC fuel study estimates
" that between now and 1985, the demand for electricity will
grow more slowly than it has’in the past. The proportion of
‘electricity supplied by coal-burning and nuclear plants will
rise ‘sharply. ‘On the other hand, the” output from .
gas-burning’ plants will .decline steadily, while the output
from oil-fueled plants will rise slowly until about 1982.
primarily to make up for the decline by gas, and then wii.
level-off.
' The report pomts out that coal must continue to be
the- prime fuel source for generatmg electricity. This again
. bfings up the -question of air quality standards. Regulations
- .already 1n effect will seriously restrict the use of high sulfur
‘coal unless acceptable sulfur dioxide removal systems are
~ developed in time. Furthermore. the coal industry itself will
-have to make huge: investments to bé able to meet the
increased demand for.coal. , >

‘Nuclear fuel programs«@lso fade a wide spectrum of
-problems, including those people who challenge the safety
and other aspects of nuclear power and have caused delays S

. in the national nuclear energy program.

. In view of the- many problems faced by the utxlmes
the NERC report concludes that the possibility is emerging
- that "generating capacity shortages will develop=in some
- regions of tpe country by the late 1970's, and in others by
the early part of the 1980's. Mgny generatiig plants, both
fossil-fueled and nucléar,” which would have been’ built to
take“up this slack have not bee?fbuxlt because of, the lack of
capn%or because of environmental constraints: It takes
about® five or more years to complete a fossil-fueled

* ~ generating unit. and at least T0 years for a nuclear plant. So

wll Toxt Provided by ERIC . ’

the die is already "cast to sonic extent as far as electrical

. , h ) \

Y

[P

. S .
- . : -
L]

generating capacity in the early 1980%sis concemed. -
* The impact of a severe electrical shortage would be

* nothing short of catastrophic. The effects on the health and

welfare of the people (particularly in the winter), on jobs,
and on the national |
contgmplate. >
“The expected increased reltance on electricity will
raise many new questions about energy transport and
storage. For example, should coal be burned at the mine to
produce electricity. which is then transmitted to ceriters of
consumption, or should thé coal be shipped to those
centers for production of electiieity there? Should new
generating facilities be large installations located some
distance from urban centers, or should they be small plants
built close tq the areas they serve? What is the possibility of
storing electricity whxch is produced dunng periods-of low
demand?
. Each of the poss:ble energy options might provide a
different set of.answers to such questions. Fossil fuel and
nuclear power plants are more economically run on a large

- scale, so such plants have tended to grow larger. Fusion

plants that use magnetic containment would probably be
even larger. Such large plants would probably be centrally
located.

Solar and geothermal plant location w111 obviously be

11m1ted by their very nature—they will have to be where

large amounts of sunlight or geothermal resources are

. located.

~ Other factors will also "determine the location of

r:plants—-for example, the availability of cooling water

pow
e distance that nuclear plants are required to be built

: fro?n population centers. All factors considered, a growing .

number of electrical power plants, at Ieast for the near-term
future, are likely to be built at large distances from urban
centers, necessitating an even greater amount of electrical
transmission,

Electrical transmission is unfortunately a very
expensive method- of energy transmission. Electnaty is
transported from generating stations to major consumption
centers on transmission lines which, in the U.S., are almost

+ exclusively overhead lines."Many more high voltagetowers

and transmission lines will have to be built to transport qur
electricity, unless some -new transmission methods are
found. (Distribution lines carry electricity to individual
consumers. They carry much. lower voltages so that they
involve much simpler  technology, and they are a.lready
being put underground in many areas.) The proliferation of

- above-ground transmission towers and lines would certamly

- 141
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be unsightly, and .would also, be expenswe where land area
is scarce. Some ’electricity is lost in transmlsszon lires,
addmg to the ultimate cost. .

‘There are three main ways to overcome the economic

. and env1ronmental costs, of electrical transmission, One is to
- increase the efficiency’ of electrical transmission so that

economy are frightening to .

)

much greater amounts of e}ectncxty can be carried by the - -

same number of transmission lines,

consumption without objectians from the residents. The
third possibility is to convert the_elzctnc:ty into some other -

< o .
1 ""r . ’ L :
J »~ -° . . i S .

< - - . - ©om

with “less. “loss of -
electricity., The sécond is to _develop new methods” for *
.generatign of electricity, such as laser fusion or fuel cells, so.
that smaller power plants can be "placed ‘near centers of -



form such as'hydr

and cheaply. The nt state of technology puts all these

possibilities, espev:ia_.l}&the third one, years into the future.
" Another problem in electrical generation is that there

are presen\ly no good, economically feasible ways to, store

electricity. Batteries are expensive. .and - have limited,
lifetimes. Pumped hydroelectric storage is being used at
some power plants equipped with hydroelectric capability.

. Electricity generated at off-peak times is used to pump,

water into a reservoir. Then-at ‘peak times, this water can be
used to operate hydroelectric generators to produce extra
electricity. This s{grage method has hrmted ‘application,
however, sinee few suitable sites exist. .-

‘This lack of 2 good method of storing electricity is a
significant problem, because demand for electricity varies

greatly from day. to night and from season to season. Since

electricity has to be generated as it is used, the gerierating

capacity must be large enough  to accomodate the peak. '

demand, while in off-peak periods only about S0 per cent

“of the generating capacity - might be needed. Since -the

generating. equipment- 'is very expensive, this unused
capacity adis greatly to the cost of electricity.

It is possible that “time-of-day metering"‘dll soon
appear. Under this system, electricity used at peak demand
times will cost more than electricity used at other times.
This system would hopefully encourage people to even out
the demand for electricity. Habits are hmrd to change, but if

it cost less, people might do things like- run dishwashers or ‘

wash and dry clothes at night.
Meanwhile, the search for electrical storage methods

goes on. One mer.hod under study involves the use of excess -

generating capacity for electrolysis of water, producm~
hydrogen and oxygen. ‘These gases could be stored, and
then recombined in" a fuel cell to produce electricizy at

. times of peak demand. “ .

ra

Activity 132

e -

B Objeche o
. The students wrll make chans to ﬂlustrate producuon
and'use of electncrty - : e
What to do? . ; s

Using information in this section on producnon of

electricity® by various fuels and use of electncrty by the’

various sectors, have ‘students make ‘“‘pie charts” to
illustrate -these facts. (Figures 1 and 2 in thlS module are

Aexamples of p1e charts )= ,
saw N ls E—

' A’eﬁvity |:'|i33 :

' Objective: )

<

this electrical power ?urce

‘.—/, ./. ‘\\

t can be transported more easrly

The student wrll detenmne umes of peak load on .

L

What to do"

1.  Through discussion of currerit: hfe styles family\-

activity patterns, etc., predict the hours of peak -

electrical demend (Note thrs will vary wrth the

season.) :

If possxble ‘on weekends ‘or by specral
~ assignment arrangements, have several teams or

9

individuals read home electric meters hourdy -

over a given period of time. Compile results as a
class. Compare results with predictions. (Your
local electirc utility can give you information
on reading the meters.) -

3. Explore ideas to spread some of the demands of

Ehe(peak hours to periods of lighter demands.
nceptrate-on ideas that stidents themselves
night implement; ie., deferrmg television
tching to different hours. '

which seemed impossible.
plore-ideas of how egtire communities might
fuggle schedules to- .even out the electrical

de@_t_i hours

5.

Activity 134 .. .

Objective: .
_The student will do computanons related to energy
What te do* ’
T.. stucents will do the followmg (computauons

hind

. The amour: of- electrcrty we use is measured in

kilowatt hours (KWH) This means. we use 2. certain
number o 1,000-watt units per hour. In 1931, the

" average home in the United States used 583 KWH per 3

year. By 1970, the average home rrﬁxh; United States
used 7.006 KWH per year.
a.  How,many more KWH did the average home

, _use by 1970 than in 1931? - <.
b. ~Why &io you think the amount went up so
much? .

T2, A ﬂuorescem tub; tumns. 1/5 of it4 electric energy -

into light for a room. An mcandescent bulb(a lamp
«bulb) turns only 1/20 of its electric energy into light.
- a. _ Which one wastes more of its electric energy?
b. -Ifiyou want to save energy, which should you
buy? - .
3. Industry uses many lolowatts of electncrty to make
. each ton of a product. Sorme examples are:

L Usteel L. 750 KWH per ton
aluminum. .16,700.KWH, per ton -
paper- 1050 K\@ per ton N -

*. Which matenal uses up the most electncrty" .
vb. Whrch uses up th‘eﬂeast" ST -

a
. 7

4. Cport to the class which ideas worked and .

r



Many

times electricity can be saved by making new

pradycts from old ones. This is catled recycling. Some
examples are:

. steel :
alummum '16,700 KWH per ton

. paper

a.
b.

C.

~ Without recycling
750 KWH per ton

With recycling
585 KWH per ton

1,050 KWH per ton 780 KWH per ton
How much electricity is saved by recycling
steel?
Which. is the- most xmportant “material to
recycle, from energy considerations?

Which material uses the most elecfncny in.

- recycling?

d.

Which uses the least electricity in recychng"

In the United States, about 20,540 KWH of energy
are used up each year for each person. In Chile, about
2,900 KWH of energy are used up each year for each
person. In India, the figure is 260 KWH, and in
Thailand, 230 KWH. Compare these countries.

a.

b. "

C.

In which country do people use up the most
energy"

In which country do people use up the least
energy?

Why do you ‘think people in the Umted States
use up so much more energy than people in
other countries? '

.
L s
(K]

350 KWH per ton .

Activity 11135
Objective:

Students will consider the types of pollutlon pos&ble
in energy development and energy use an

Jamage.

What to do? :
Ask students to consider their own clasroom
environment by naming some of the living and non-living

" aspects of it.. List these factors on the board and discuss
how they interact with each other. For example, what -

143 -

happens when one student opens the window, makes noise,
turns over a chair~how does it affect other students, the
teacher, etc. Which activities might be cons:dcred disruptive

or “polluting”?

After seeing some aspects of envu'onment and its -

interlocking relationships, students can apply these to the
activity on the next tv\_ro pages. Encourage stud

weigh cost “trade-offs” when considering. enviro ntal
controls. S o

o "’

&
-

44,
1

oose the -
. price they are wﬂhng to pay to. reduce enwronmental

N



ACVKVEIL]

A 'D'elicc;t_e Bal&ncg (PARTT)

-7

1. Name the possible sources for {nerav in the picture:’
- - RN -/

_ | ~ ‘

~ 2. What energy sources shown are used to gen‘erateelectricity?v

&

S

3. Seven types of environmental pollution concermn us today: air, water, thermal (heat),
radioactivity, visual, noise, and land disruption. In the boxes on the plcture above, writein tﬂe/ \
N

type of poss:ble pollution occurrmg in that part of the picture. 3
. J . ’

4. Hcwdo dufferent parts of your env:ronment—aw water fand, people city, country-—-affect
each other? . S : _ .

= ' \ - N . | . {' Lo J -om - .o . .
" 6.°To help keep that dehcate balance between meetmg our energy needs and mamtammg a
&'~an and heaithy environment, what in your life would you be w:lhng to change'? :

IR S 145*/’{ °
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‘A Delicate Dalance @wry | S Aoy s

*

‘1. Neme-the pOssiblé sources for energy in-the picture. _Qeen, crenel, ,co?—(,

2. What energy sources shown are used to generate electricity? , . co=f

3 Seven types of enwrcnmental pollution concem us today air, water thermal (heat) . - T
" radioactivity, visual, noise; and land disruption. In the boxes on the picture above wnte m the - R
typer;of possxble pollunon occurrmg in that part of the picture. - : :

4. ch dufferent parts of yourenvxronment—a:r water Iand people cuty country—affect

‘each other?., O ~N »

f N - o .
5. To help keep tgt—dehcate balance between meeting our energy needs and mamtammg a . o s )
clean and healthyenvnronmem what in your l:fe would you be wulhng {0 change7 ) . ‘

[Kc

wll Toxt Provided by ERIC
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| A Delzcate Balance

*(Part?)
- From the clues given on the chart below, identify

 sachtypaof pollytion: water,air, orlanddisruption,
I the last column of the chart, place the number of

. TYPEOF

0581~ OFVL

the choice listed hers that you agree with,

ACT IVITY 35

1. know | will have to spend moredollars to pay for electncuty fuel, gasoling, and other
energy-related products sothat energy producerscan pay forenvi ronmental controls.”

2 I will cut back on my own energy use — really practice conservation.”
3 “lwill supportmoregovernmentregulatuons. N

-4, "I can count on business and industry to find the answers.” -
5. “I'm willing to live with polfution.” |
8. If you can think of other solutions, write them down. -

HOW CAN ITBE

AN

fineries, transmission lines,.

energy-resource storage,

chains and can cause ero-
sion and loss of-soil

vegetation, reforesting, -

building lakes and recrea-

| ‘ | " WHAT WOULD | BE
~POLLUTION ~ WHATIIS IT? WHAT CAN IT DO? " IMPROVED? WILLING TO DO?
Ty ' o By installing emission con: * | -
‘Alt' o ‘ef; o “trols on autos and filters or
| W8 g aaverse evect from , . traps on chimneys, By cut-
burning coal and oi, and 1t can ncreass respiratory | tingdown ontheyb&urn)ilngof
from car exhausts, It ishigh | finesses and raise death caal and of. By burning
concentrations of carbon rates. It can damage crops, solid wastes in closed in-
monoxide, sulfur dioxide, plants, and trees. Cingrators. By capturing and
and unburned ash, reusing industrial gases for
- other products.
Itis the use of millions of Itcandisturb viiderness and By recléiming mine sites. By
. acresfor mining, develop- | recreation areas It can de- landfilling and recycling s
. | ment of power plants, re- stroy vital plant-animal food solid-wastes. By replanting

| . acids and pesticides. It can

be caused by oit-spillage,

.| offshore construction, i
HE dustnalwaste and munici-

pal sewage. -

streams, destroy recreation

areas and sometimes cause
disease in humans. Mines
can contaminate ground
water, .-

‘| .and solid waste disposal. | nutrients, *tional parks.
| It is high amounts of im- It can disturb or destroy fish Byinstalling filters, aeration
| purities such as disease- breeding and feeding | and settling devices. By
 causing organic wastes, grounds, can cause taste and breaking down impurities
toxic substances such as odor problems, clog with chemicals. By cleaning

up rivers and shorelines, By
transtorming acid wastes to
useful by-products.

THINK ABOUT IT: Make alist of tmngs you ¢an o today to help stop poIIutlon

- -

Start with these;

Don'tlitter.  Recycle. ~ Use public transportation |

Don't burn rubbish o leaves.

Can you add to ihe list?

N

- I58
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AN e L - ST ;AT g
- A D,ehCﬁte Bﬁ!ﬁﬁce + 1. "Tknow vl have to spend more dollars to pay for electricity,fuel, gasoling, and other

- Part 2 energy-related products so that energy producers can pay for environmental controls.”
( art ) , . | 2“1 wil cut back on my own energy use ~ really practice conservation.” |
- From the cluas given on the chart below, identfy ~ 3 *1 Will support more government fegulations.” , . '
;lachtypeoqullutionzwater.air.orlanddisruption. 4. "t can count on business and industry to find the answers.” | N
- Inthe last column of the ¢har, place the number of 5. “I'm willing to live with pollution,” -\ | BT -

 the choice lsted here that you agree with, - 6. It you can think of other solutions, write themdown. . ®

«
L]

TYPE OF o K . HOW CAN IT BE WHAT WOULD | B
POLLUTION  WHAT IS IT> WHAT GAN IT DO? IMPROVED?  * WILLING T0 DO?

| By installing emission con.
lt‘is.the adierse efect rom o trols on autos and filters or
g ool g | ooy | (LSS B ot
- | fomcarexhausts. tishigh | Hinesses and raise death coal and of, By burning-
o) | concentraions of caroon | fales. I can damage cops, solid wastes in closed in-
.. | ‘monoxide, sultur dioxide, plants, and tress. cinerators. By capturing and
and unburned ash .| eusing industrial gases for | - )
a | other products. B
B Mtisthe use of millions of - Itcandisturt wiiigrmess and By reclaiming mine sites. By
Ry | acres for mining, develop- recreation areas. It can de- landfilling and recycling
L " Mment of power plants, & | stroyvital plant-animal food . | - solig wastes: By replanting
| danapplerns | fineries, transmission lines, | chainsand can cause ero- |  vegetation, reforesting, ;
- energy-resource storage, sion and loss of soil o} building lakes and recrea: |
' .. and solid wastedisposal. | nutrients, 1 tional parks, '
Itis high amounts of im- - It can disturb or destroy fish | Byinstalling filters, aeration
Purities such as disease- : | breeding and feeding -~ " | . and settling devices. By
causing organic wastes,” | - grounds, can.cause tasteand | - breaking down impurities
, " taxic substances such as - -odor problems, clog - with chemicals. By cleaning
| awmBv - L acids and pesticides It can, | -streams destroy recreation | up rivers and shorelines. By.
' becaused by oil spillage, | * areas and sometimes cause transforming acid wastesto -
. offshore construction, in- disease in humans, Mines - useful by-products.
| dustrial waste, and munig- can contaminate ground . , T
pal sewage. water. . -
. . o

THlNK.'ABOUTlT: Make a lst of things you can do today to help stdppbllh;ion. e . o |
co o Statwith these:“Don't itter. - Re'cycle. ,Use public transp_ortatiop.,_Don't;b,ur.n rubbish or leaves.  Can vpu-add to the list?

! :
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THE ENERGY DEFICIT -

“The diagnosis of the US. energy crisis is quite

simple: demand for energy is increasing, while supplies of
oil and natural gas are diminishing. Unless the U.S. makes
a timely adjustment before oil becomes very scarce and
very expensive in the 1980’s, the nation’s economic

security and, the American way of life will be gravely:-
endangered. The steps-the US. must take now are small

compared to the drastic measures that will be needed if
the U.S. does nothing until it is too late.” These are the
opening. words from “The National Energy Plan™ from the
Executive Office of the President, Energy Policy' and
Planning. e -

From 1950 to 1973, US. energy consumption
increased-at an average rate of 3.5 per cent each year, while

domestic energy -production increased at an average rate
just under 3 per cent. Thus in recent years, imported fuel, -
has had - to make up the gap between

primarily oil,
production and consumption. Figure 1 illustrates this
growth i energy demand. ‘

Energy use has been growing in all the four consuming
sectors  (residential, commercial, -transportation, and
. industrial). «

Population growth has been one contributor to

residential energy growth. There is also a tendency toward .

smaller households, with more elderly people and young

- adults having. their own homes. This increased number of -

households has led to increased energy use. An’sz%r factor
in increased residential use has been the tendency for elch
household to use more energy,” as things like air
conditioners, color televisions, clothes dryers dishwashers,
etc., are acquxred e

Commercial energy” use has also been growing rapidly.
Office buildings and stores now often have large expanses
of  glass, allowing undesirable heat loss in the winter and

. .gain in the summer, and causing more use of energy for

heating and cooling. There is also more use of devices like
computers, electric office machines, and duplicating
machines, all. of which use energy.

« Transportation increases have been caused by increases -
in vehicle miles and also reduced efficiency. The tendency -

has been for cars to get heavier, which decreases gas milage.
Americans still overwhelmingly prefer’automobile travel
over more energy-efficient mass transportation. Even in
freight transportation,
efficiency---railroads are losing freight traffic to less
energy-efficient trucks and planes.

Industrial energy use. the largest of any of the

consuming sectors, has also been growing. This growth has

been caused in part by the nation’s shift to plastics,

aluminum, and other manufactured goods producéd w1th' :

“large expenditures of energy. :
And even as these increases in energy use were

happening, domestic production of energy sources was,

decreasing.
In the 1950, dedle Eastem oil costs were so low

4
s
1

{

that Middle East crude oil was cheaper than domestic

+ crude. Oil exploration in the U.S. declined, and major new

oil finds were rare. U.S. domestic production has been

* declining since 1970. New production from Alaska and the

outér continental shelf, .and improved methods of
recovering the oil should help to reverse this decline, but
will not bc able to satisfy our growing demands. Other
major”additions to the domestic oil supply are unlikely.
As we previously mentioned, the world sugply of oil cannot
last indefinitely, so even without the economic and political -
implications of dependence on'‘imported oil, we cannot rely
on this source forever..

§ In the meantime, however, we cannot.ignore the
implications of-our heavy dependence on imported oil. Our
reliance on imports fose from_ 18 per cent in 1960 to.about
37 per cent in 1975. More recently, there have been months
in which we imported more than 50 per cent of the oil
we used. Imports accounted for an average of between 40

- and 45 per cent of our petroleum demand in mid-1977,
at 2 cost of 335 billion annually---or an astounding $70
million a day.

United States Energy Demand

Millions of Sarrels..
per day 0il Equivaient

> 60! - -
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the trend has been toward -less
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Use of natural gas grew rapidfy.during the 1950’ and
-1960’s. A growing number of homesm:ndusmes turned
to natural gas because of its low govemme‘r&mgylated cost, -

(its cIean-bummg properties, and its convenience. But
natural gas- supplies and/or pipeline capacity were

. sometimes too. low in the 1970°s, and some customers -

found their natural gas cut off, especnally in the northeast

_in the winter of 1977. d

Shortly after'World War I, the raxlroads changed from
coal-fired steam locomotives to dxesel-powered engines. At
about the.same time,-home owners began replacing coal




~

- furnaces with oil, gas, or electric heat. Thus coal output

. its safety, :and skyrocketing costs of building the plants,”

decreased markedly, and is only now beginning to recover.
Labor problems, expensive safety requircments, and
pollution control legislation have gall hampered the coal
industry.
Nuclear power has only reccntly begun to supply some
of our growing energy needs. But. public concerns about

have kept it from previding as much energy as ongmal
projections showed.: )

'_ -What to do?

1. Learn how to read electric and gas.meters. Actual

A small por‘tlon of our “energy continues to be -

prowdcd by hydroelectric plants. But there are few sites

_in the country where new dams can be built, so this means
of energy production cannot increase significantly.

.rose, . and

The availability and price of 73 per cent of the oil
we’ import is controlled by the Organization of Pettoleum
Exporting Countries (OPEC), whose strength includes the
enormous oil reserves (more than 160 billion barrels)
located in the Middle East. Most oil is concentrated in large
pools in the M:ddlc East, making recovéry cheap and easy.
And yet OPEC o
it did in 1970.

urthermore, on. October 17, 1973, most

ow: costs more than five times what T

of the oil-preducing countries of the Middle East placed
* an embargo on oil shipments. Although the embargo lasted ‘
just five months, the industrialized nations of the world . -

reeled from the economic and social disrupti

the interruption in the flow of oil. Prices ofa]lommnes
this -contributed to. worldwide inflation.
Unemployment also increased, espécially in sectors that
used large amounts of energy. We were forced to take a
look at our own, energy future. Not only does our
dependence en foreign oil imports affect costs of energy

. and goods to the U.S. consumer, -but oil has become a

major factor in the game of intémational politics.
The preceding discussion should convince the reader
the gap between energy consumption and domestic
production. But why have we allowed this gap to develop?
One reason that consumption has grown so rapidly is that
until recently. crergy was bargain-priced compared to other
goods and services. Also we were encouraged to buy many
energy-using -products to enhance our lifestyles. We were

. beckoned to drive in our gas-drinking automobiles on miles

" Activity 1V-1

and miles of new interstate highways. But at the same-time,
economic considerations, environmental concerns, and
government regulations served to slow down domestic
production of energy sources and construction of electrical
power plants.

/
-
Objectivc»' ‘ , R

Thc student will study mdmdual famlly uses of
electricity an‘d/or natural 2as. _ .

ed by’

156

electric meters are often available, on loan, from the’

" local electric company. Cardboard models of electric
and gas meters can be made easily by students who
can then practice reading a variety of meter settings
as they work in pairs or groups of three. &
After mastering how to read the meters, ask every
student to read the gas and/or electric meters in their
homes at an agreed upon time (e.g., 5:00 p.m. on
Wednesday). Indicate also that they will be reading
the meters exactly one week lafer to determine how
much gas and electricity they used in one week.
Record the data for each family on a classroom chart.

3. After securin

announce an energy saving week™ Urge each student
to engage their family in seeing how much they can
reduce their gas and/or electricity usage béfdre the
next weekly reading will' be taken. Record the data
fot the second week. What family saved the most?
The least? What was the average saving? Students from
families that saved the most can be asked to explain”

" how they were.so successful. Was it hard or-easy. to’
save energy" ot B

[N

Teacher Note:

-

Caution - This should be done, if possible, during a
period of relatively stable temperatures such as dead of -

winter, early fall, or late spring.

x4
ACtiVity IV-2 .
Objective:
The students will observe energy tranformations i in the
home.

What to do?

1. Have the students survey their azmes with a chart
of listed items that transfor™ vnerzy, They will name
the energy going into each it*m and the type of energy
used in the end.

Which energy trzmsformatnons and forms are used
most frequently by the students and their families?

v

[N}

the base line dats for one week,



HOME USE AND ENERGY CHECK LIST

How Does It
Help You?

s

Naie of Item
“Using Energy

pug syl uy pasn Rujag

pé:]nbau (a8e33eN)
£8a3ug ;oliunomv
£315u3 jo adAL
-A8aaug jo ?d£1
§ANOH jJo laquny

w3l ay3y ojuy Sujog
waam 1ad pasp .

Electric Radio . ‘ ~ _ . . ) -

Portable Radio ' 'A, o ! A

Electric Can Opener

Blender

Range (stove)

~Refrigerat9r.

»- | Dishwasher. _ . Y I N

] . -~

Hixer' o S

Rand-operated Can 1. . A -
Opener’ i )

Popcorn Popper

v Toaster ; : - .

Electric Skillet

Food Grinder S .

Waffle Iron

"Humidifier : 3 '

Telephone

_Lamp-___ ' S -

Television

' Toothbrush’

Z * ) ‘ .
Pencil Sharpener . . A -

-




. HOME USE AND ENERGY..CHECK LIST (Continued) :

'
2

Hair Dryer

$

4 Doorbell

-

Vacuum Cleaner

Furnace

1

.
-] Water Heater

Hand Saw

Sabét Saw

Drill

Sander

Grill

Porch Light

‘Clock

A

Sewing Machine

Record Player

Shoe Pdlisﬁér

Movie Camera

Iron

7

Candles

Broom

Washer

Dryer

Ceiling Light

Fan

g

4

Deepfreeze

Mop-

158 -
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© U7+ HOME USE AND ENERGY CHECK LIST (Continued) ~ -

Y
eal
t

.. | Vaporizer Ba oo ] -] ke I L
e Y - - . . . ";_

‘| Electric Razor - - . g : - .

-Firepiacé

.

Toys

Fléshligﬁt
‘Car C ) o

Grinder =~ - S ' ; ‘ -

S | Bell . -

Knif('. 3 - 3 . -" ' il i . v.

Electric Blanket .

)
¥
|
'

Hot Plate

Garbage Disbosal

-

Bun Warmer - . . D

Adding Machine _ ' o

o

Fal il I

4
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Object:ve RN \\

of household appheances

Average Wattage of Electnml Apphances
. ‘1000 watts = 1 lqlowatt

. The student will be able to calculate the amount of - . T
electru:xt)r his famxly uses per day. ‘ Appliance - \ o Average Watta_ge e
What to do? v E > Bottle Warmer

’ 0/ Broiler ...... ... . L o il 000D
- It took the muscle power of 100 QOO slaves and 2 Clothes Dryer
years of work to build 2 pyramid. I{ fook the energy of CI6&k ............ ... ... Ll 2
5,000 workers only one year to buﬂd 2 skyscraper with _ Coffeemaker (Automatm) ................... 830 -
" fuel-operated machinéry. Use the - information below to Cooker (Egg) . ..o v s vt i 520.
determine how many people it would take to p’ower'one - Dehumidifier .......J. . .... ... I 230
" electrical appliance at home. . " Dishwasher (With heat-Gnit) . .......o........ 1155 |

The kilowatt-hour (KWH) is the unit used to measure. Dishwasher (No hi 1290 N\
this form of energy (or power). Its'relationship to the basic .- Disposal (Only) ........................ .. 330
unit — horsepower — can be determined. * Fan, Attic 370‘ _

One horsepower = 746 watts = 3/4 kilowatt(approx.) = Fan,Desk ..........: LA 70

One KWH = 2,640,000 ft/lb of work. Fan,Fumace ... ........ PP P, 225

An average person can do about 50 ft-lb/S\QC of work; Fan, ting-. ................. e, 85
18,000 ft1b/hour; 14,000 fidb/day. - Ploor Polisher—— :........... e e .. w240

An electrical device -that produces 14, ooo ftIb "Germicidal Lamp . .......... .. 0. ... 20 -

. of work y is equrvalent to one human worker. Grill L.l e e ;770
Therefore' since one KWH —2 640 000 ftlb of Hair Dryer‘ c e ._.'-’. ceie e S e ..235
work equivalanet, one KWH - 18:1/3 workers per day Heat Lamp(lnfrare e e et e e «250
On the following chart, note the amount of hours per Heater,Radiant ......................... 1095
day that your family uses the electrical appliances listed. HotPlate ....................0...... #.. 1140
_ Compute the numbe: of workers needed to operate each  Mixer,Food ........ .. ... ... ... .... ...130
-.of- these electrical app]jances for that length of Ume Ol Bumer .. .ot v i e e e e e e e e 245
_ , \ Percolator . ....... ... ... .. 00 0 ... 490
Radio . . . oo oo e e D90
- Radio-Phonograph ............... T e e 100
Activity IV4 C e Razor . ....covi i i i i i, 15
, SewingMachine . ... ... ... . ... ... . ..., 75
Objective: v Stoker .. ... ... e 300
' _ ‘ o o Television - ... ..ot ne e 220
The student will know how the amount of electricity Toaster . . ....... SN e e 1000
in the house is measured, and know the differences.in - Vacuum Cleaner (Tank type) P ¥ -
* energy requirements .and operation costs of various = Vibrator .............. . ..., .. i ile.. 45 T
household appliances. o Wafflefron .......... [ L....855"
_ . 3 Washer .. ... .. 0 . . i i e e 280
* What to do? ' 4 Water Pump ............................. 265
. ) _ . r
Define the terms needed to* understand the These apéhances are usually controlled by
measurement of electricity consumption in the-home (watt, thermostats which permit the flow of electncxty
- 'kilowatt, kilowatt hour). From an electric company bill ~ for intermittent penods onI)g
determine the average cost of a kilowatt-hour (KWH) for - - ‘e
your area. Have students examine the table of “‘Average Electric Blanket . ... .......0 ... 0 cc.iuv.euo.. 180
. Wattage of Electrical Apphmnces,” and then compute what Heating Pad.,........... e e 55
-1t‘costs in their.own homes to:. Food Freezer (8 cu. ft) ........ B e TL..125
_1 ~ Leave’a lOO—watt hght buIB burmng for ON . evveninan e ... 1,000
' - hours. . . "A“f‘”‘,@ TOREr ... ..ttt leen ... 1,500
L2 o Usethevaccumcleanerfor”hours . B Range ............>.0. ... e e 12,000%
3. - Use all- bumers of the ovsn and range for 3 Refrigerator * . v ... ... ..., PR e 205
~hours. . T Room Cooler (Window type) . ........... ... . .400
4. . Usea dxshwasher for 1 hour every day for 30 ROGSIEr . .ot ie iee i e 1,300
days. . - Water Heater (66 gallons) ...... R . 3,_250_ '
5.. Runan e]ectnc\clock for 1 year : 7 I ‘ .
‘A variety of other simple calculations (appropnate - =“'I'h1s includes total wattage of all the burners and oven of S
 for the dass)‘shouId be devised to. iHustrate the relatrve cost the range. - - b
. e 160 e S .
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ELECTRLCITY wom(s FORUS = e Actmty V3"

' f’i E'le'Ci;Gr,iTCa_} } Kﬂowatts | Hours;» Used Total Energy Workers Needed. per Day
S o per - .l 0 per Ik Use' to operate Electrical
Appliﬁncé&_ - | Hour R S oDy Per Day n KNH App11agpe(0ne KNH—IB 1.

> '-'A1r4Cond1t10ner . 1.60 .5 T s00 | . 1ae-23

-C]othes Dryer 4.90 - ] N
: SRS S

/,}f{’ee Maker 0.89. S T PR GO
f>\\r~/BisHWasher |- 1m0 B , A FOT
_/ Dwsposal (food) . 045

E‘lectm c blanket " 0.18

‘Electric Bulb |  0.04
(40 watt) |- :

- Electric Bulb | 0.10° R a - S
(100 watt) | : ,

Electric Bulb 0.15 R
(150 watt) _ o g ! .

‘Electric Iron 1.00

o

*" Electric range | 12.20

. E'lectrf_i.cv an . 0.17
. (rollabo .ft‘)

Fan (furnace) |  0.29 T P A S

Food blender ™ | 0.39 .

3

: Food_-miXerh’_ S " 'q‘,13" o

Hair q}y‘ér’.' A p R D R

. 7 » T . - . t ] )

Radio RN P 7 057 RE - n - |
0.60" . . | f’“f\\S\ .

Refrigerator | = | : |,

Te'lev*isi.on 0.35 | . S ) i | p‘ _;,ﬂ

“

'wa.sl'ung- Machine. 0.50

With the number of workers needed to operate the e'lectmca‘l apphanqg.s for your

fa_lmﬂ)_q,, how would your famﬂy_rank in th_e social ladder dumng. ancient ‘}t_1mes?

L
—

e,V
b
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bt ‘ The Onl We Importl"i‘»:".

Students wﬂl become familxar thh the scurces of 011

T throughtheworld - 4 - _ . : GCO
L. Wmattedo® U . o BT \'».*? R“N UNTR’ES
_4 " Have students complete the actmty on. épage '

Because Amenca’s demand. fOI’%IF is greater
than its supply we must Buy oil from other, S
* countries to help meet the demand. This is - -
called :mpomng ‘During-the last five years: -
© oug imports of oil have doubled, and the cdst :
_perbarrel has mcreased more than four. .
“times. < . .o -

o l Fnd each‘country shown on the graph
j‘f- _ . on.aworld map.#Then list each country inits
' _proper region below. Beside each country’s
-.nare write the percentage of oil the U.S. |m-
ports from nt '

4 North Amerlca, B

Latin America

~

- _ : - o : "
. I - l .'_‘ ™~ ‘ _. N R K . 4. 4 . . . ) -
o ‘ ' _ g,:” . T - l;rE)RCENT OF TOTAL US.
—  — : ¢RUDE IMPORTS IN 1974
- The Mideast . T L T, R .
— -Check whuch of these s utlons to our S
. . - Africa 4 - S energy consumptwﬁpro lem seems work-. g R
£ el ez . able to you.
‘ “ Lot et R a3 Increase domestlc ‘production of fossil
‘ ‘SOUthéaSt ASla L U \’.’4 - . - -:fUB'S | .
e L T , T O'.Decrease our demand, for. oil .
2 What do the letters OPEC stand for? (T he ) o o DeVelo newener a[temaﬁye's
OPEG nations have formed an associ gonto | P i
regulate the price they charge for théj rcrue i Increase oil umports to fill growmg de-.
oal) g - | - mand o
| ) oy :
SR BRI _ & y O Stop importing; become energy inde-".
- 3. Whavpercentage of imported U.S. oil comes - \ pendent B
- trom'OPEC hations? - - " - T
T ~ z " '| .~ -Othersolutions (Could you name some?)
4. Which country sells the U.S. the most crude - N
< oil? (This_country says it will need to end all ) . . C
_ shlpments to the U.s. by 1982.) oo N : : <
s _Why,-'d‘o'e,s.'th_e u.s. 'r_teed to import oil? Y

\// o . ©o- . -~
“ 162 :
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c-
B Students will Become- fanufxar wnh t.he sources of oﬂ
.- through the world. . ol
'-'-Whattodo";f. o o A

Have studems complete the activity on. IhIS page o

o Because Amer:ca s demand for o_ul is greater )
- than its supply, we must buy oil from-other [
countries to help meet the demand. This is”
catted importing. During the last . “five years
~our nmports of oil have doubled, and t 'e cost:
-per barrel has increased more’ th n four
‘times. /

I., Fnd each country shown on the graph
on a world map. Then list-each country in its
. proper region below. Beside ®ach .pountry s
- name write the percentage of oil the U.S.im-.
ports from |t ’ _ .

North Amerlca

l‘_.atin-America B : ST |
' 7/%11«» o .7747 '
_Beadr . 2%
The Mideast N
Sraw . : /3% _
© ofpu e W E /37oa |

Wﬁﬂ/w_ﬁ-f/pwz,aﬁd 2%
%«M( 02070 »
- %M o / 570-' )
Southeast Asra | oL

9 L L i B ‘ f70
2 What do the letters OPEC stand for?*(The

OPEC nations have formed an association to
regulate the price they charge for thelr crude

o:l) _

<3 What percentage of |mported us. onl comes
- from OPEC nations?

P37

4. Which country sells the U.S..the most crude
oi'? (This country says it will need ‘to end all
vshnpments to the U.S. by 1982.) '

- 5. Why does the U.S. need to import oil?,

c-

5.4:4«« T ornand i e
MM@M%

- .
s
L

‘QL

¥

The Oxl We Import

PERCENT OF TOTAL'U.S. .
CRUDE IMPORTS IN 1974 -

‘Check which of thesg solutrons to our

able to you.-
0 Increase domestic prod uctlon of foss:l
fueis = - -
L .
O Decrease our demand for oil

O Develop new energy alternatives

Increas< oil imports to fﬂl growmg de—
" mand |

pendent

2

- energy consumptlon problem seems work- '

4

Stop |mpomng becorne energy mde- -

. Othersolutions {Could you name some?) |

:’Hw

()




, " inexhaustible sources of energy for sustamed econorc

-~

' _'PRESJDENT CARTER'S ENERGY PLAN

, In .an effort to deal with: the problems outlmed in
© the s previous section,’ President- Carter has. proposed - a

" “ comprehensive energy- plan for the United States.- The,

" -various portions of his overall plan will undoubtedly
- undergo some modification as they are considered and

.. ‘accepted. or rejected by Congress. The main points of this
energy plan are discussed here, followed by some reactions

to 1t. .
The “plan hsts three ovemdmg energy objectlves for
the US. As an immediate objective, which will become
even more jmportant in the future,.the US must reduce
- its dependence on foreign oil to limit. its vulnerability 'to

" -supply- interruptions. In the medium term the US. must . .

keep . imports - sufﬁcrently low ta weather the. period. when.f o consumers are entitled : to reasonable certainty about

“ world oil production approaches its capacity limitation. In
the long term, the U.S. must have renewable and essentxally

‘growth.
There are 10 pnnclples set’ forth in the plan t
" “The first principle is that the energy problem can be.
- effectively approached -only ‘by a government that accep _
. responsibility for dealing with it comprehensively, and by
.3 public that understands’its seriousness and is ready.to .

make necessary sacrifices. The federal government can and .
must lead, but each of us needs to voluntanly work towardi S

.‘a commonly-accepted goal. | - .

The second principle is that healthy economic growth .
ust continue. Full employment must_be promoted and. -
ds shou]d be returned to the economy that are collected * -

to carry out the enmergy policy.:

The third pnncfp
protection of "the environmen must be maintained.
Virtually every avmkable sourée of energy has its
environmental drawbacks. In- energy planning, it is
necessary to recognize hazards and risks and to reduce them
. to relatively low levels.

The fourth principle is that the US must reduce 1ts-.
vulnerability = to  potentially . devastating
interruptions. National security considerations, as well as
the ever-increasing balance of payments deficits, run
counter to unrestrained growth of oil imports. The goal |
here is " relative  invulnerability. Through effective
' conservatxon and increased use of more abundant domestic
resources, oil imports can be reduced significantly. A large
strategic' petroleum reserve, diversification of foreign
sources of oil, and contingency plans should help to deter
interruptions of foreign oi! supply and help protect the -
. econQmy should such an interruption occur.

* The fifth principle is that the United States mugst solve
its energy problems in a manner that is-equitable to all
regions, sectors, and income groups. In particular, the
elderly, the poor, and those on fixed incomes should be
protected from drsproportronately adverse effects on their
incomeé.

le is that napional policies for-the .

supply.

" The sixth ¥nnc1pTe and ‘the comerstone of the
Natronal Energy Policy, is that the growth in energy

-+ .demand must be- restrained thxough,,gonservanon and ™

improved. energy efficiency.’ Conservatronas cheaper ‘than

- production of new energy supplies, and “affords more 'j L

. “environmental protection’-Furthermore, conservation and
. improved- efficiency can lead to quick results. -
.~ " The. seventh pnncrple is that energy prices shou]d
- generally reflect the energy’s true replacement cost. If
-~ prices are "artificially held down by governmént pricing *
* policies, energy will be overused. Priées need to be high
enough to encourage conservation and .production, but
- pricing poIrcres should not cause wrndfal} proﬁts for the
producers. .
. - The eighth prmcrple is that both energy producers and

- _government energy pohc)r The government should provide .

3 business” and the=public with 'a- clear and consistent o

" statement of its policies, rules, and intentions. Toward that-

mto a Departinent” of Energy. -

. =""-The ninth -principle’ is’ that  more | plentlful resources
L must be uséd more wrdely in place of those in short supply..
. Although éoal camprises 90 per cent of domesti€ fossil fuel -

reserves, the U.S. meets only 18 per cent. of its energy
eeds from coal. "Oil and natural gas account for less than’

g oﬂ-and gas to coal\and nucIear power.:

" The tenth principle is-that the use of nonconventional
sources of energy must be vrgorously expanded. Relatively
clean and inexhaustible sources of energy are a hopeful
prospect, as supplementsto conventional energy resources
in this century; and as major sources of energy in the next
‘century. ‘Other technologies that increase efficiency of

-energy use, such as cogeneration of electricity and steam
for industrial processes, should also be encouraged.

The plan sets forth 7 specific goals for 1985. These

v goaIs are to

~reduce the annual growth .of total energy demand to
below 2 per cent;
-reduce gasoline consumption 10 per cent below its
current level;
-reduce oil imports from a potential level of 16 million
barrels per day to 6 million, roughly one-¢ighth
of total energy consumption;

s

. -establrsh a strategic: petro]eum reserve. of I brlhon T

barrels

-mcrease coal productron by two—thrrds to more than '

1 billion tons per year; _
-bring 90 per. cent of exrstmg Amencan homes ‘and
+ all buildings -up to minimum energy effi crencyv
standards;
-use solar energy m more than

er cent of domestlc fossil fuel 1'353!\‘35, but meet 76

1 /2 mthon homes i

..~ end, the various federal energy agencres are bemg orgamzed ', :

.
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‘ . The,

<

Pres;dent “made . many spemﬁc

objectrves Mést of his proposals requrredleglslatlve action,

-while *some could be carried out by :various. agencies
* without-new.legislation. OnAugustS 1977, the U.S. House

ﬁroposals '

| ‘conceming ways to - achieve these _goals- .and “-overall .

e

-Oil “Prices

4

- The energy bill vvould impose a tax on domestlc crude . . -

oil _gradually bringing the refiners” cost up to'the word

" '$8.65 per barrel, against-$14.25 for imported oil.
The tax could cause prices of petroleum products to -

‘of- Representatives passed .epergy legislation which left " "

ted on .the‘ bill as of this writing.

..to use of the more bundant coal. -

FoIlowmg are some of the major provxs1ons of the
House bill. Do .

-Tax on " Gas-Guzzlers : : -
Taxes would be added to ‘the purchase price of cars
whose fuel efﬁmency falls short of a minimum standard,

The House bill closely - resembles the Presndents .
. "program. The principal \deviation ‘was the House defeat of . -
the President’s proposed\S0 cent standby gasolme tax. -.
Several other pomons/ f . the Presrdents pIan were' -
. -weakened: T

P 1dent Carter’s energy program largely intact. The Senate

r.

_ise by 7 cents.-a gallon within '3 years. At least in the )
first year these tax tevenues would be returned to the o

public as income tax credits.

L An exemption from this tax is inctuded for users of
" home heating oil and for educauonal rehgxous -and other

nonprofit institutions. © . - e
-Natural Gas ‘Prices .. ‘
Price regulation would be continued for all natural .-

*. gas sold across state lines. For the first time, mtrastate
",rpnces would also be controlled. .

which was set at-15 mpg for 1979 models ‘and gradually

rises . to 23.5 mpg in 1985.

Under the President’s plan, the rrroney coIIected would . .
have been paid out as rebates to buyers of fuel-effidient -

cars. Under the House version, the-funds would go towardl
retirement of the matfonal debt.’

-Gasoline Tax .

The President had sought a S-cent per gallon tax on
gasoline beginning in 1979, if gasoline consumption
- exceeded -Federal targets. T}us tax would have increased

by 5 cents per gallon every year in which the targets were

exceeded, up to a maxrmum of 50 cents. This tax was

defeated.
Some gasolme tax provmons were mcluded in the

- House bill. The deduction for state and local gasoline taxes

now allowed on Federal income tax would be repealed.
The present 4 cent per gallon Federal gasoline tax, which
had been scheduled for reduction, would be retained.
-Conservation Provisions
Homeowners could receive an income tax credit of

20 per cent of the first $2,000 that they spend to install

insulation and other energy-conserving devices in their
principal - residence. Some financing assistance would be
provided for those with low incomes. Utilities would be
required to help homeowners who are unfamxhar with such
. weatherization.

" A Federal grant program would be estabhshed to help

" schools and hospitals achieve conservation.

wll Toxt Provided by ERIC

‘The Department of Energy would be.required fo.--
prescribe minimum standards. of energy efﬁcxency for the

.13 most energy-consummg apphances

~in 1979.

Present price ceilings, adjusted for mﬂatron would

- remdin on_all fratural gas now being produced. The ceiling

. -price- for newly. produced gas would be tred to ‘the pnce
.of domeéstic :crude oil. . _

-Utxlmes :
‘The Federal, govemrnent would supervise an overhaul

cof electnc rates to eliminate those not conducive to emergy.
- conservation, such as discounts to volume. users. In general,
_fates would e required to reflect the cost of service, and

" ‘might include programs such <as time-of-day pricing.

. Utilities” would be - required to buy electacrty

- gerterated by industry from waste heat, and to” transport

power not belonging to them across their systems..
Conversion from Oil and, Gas by Industry and Utilities

In an effort to encourage less use of "oil and natural -

gas, stiff user taxes would be applied to utilities and to.
the country’s 1400 largest industrial concems begmnmg

The heaviest tax would be apphed to industries that
use oil and gas to fire boilers. Other industrial users would
be less heavily taxed, while use for electrical generation
would fall in the middle range of taxes.

Most of the revenues raised by these taxes would be
returned - to businesses as tax, credits to encourage
conversion to coal and cons‘on expenditures.

Small industrial users would be exempt from this tax,
as well as users such as fertilizér'manufacturers, who must
have the fuels for their processes or for feedstock.

Utﬂmes and large industrial users who are unable to
convert to-coal for environmental or other reasons ‘would

.not be exempt from the tax.

Authority ‘would be given to the Department of

- prict level." The price of domestic crude oil now averages . -

° -

Energy to require power plants and major industrial users

to convert from gas or oil to coal.
Facilities not under’ constructron before April 20
1977, would be _prohibited from using oil or.gas as thejr

.. primary fuel, although some exemptions ‘would be allowed.
. ""Existing power plants would not be allowed to bum natural N

gas after Jan. 1, 1990.
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-Solar Energy : ' - Curremt esnmates of US. uranium Tesources vary_ w1dely
A tax credit of up to $2,150 °f the first 510000 The President believes that there is enough uranium to

spent would be available for homeowners who mstall solar - continue expansion of light water reactors, without-
" or wind energy equipment. imminent reliance on the breeder. ERDA has been directed” - -
~ -Nudear Proposals " to carefully assess uranium reserves  to :esolve the’ '
" The House bill did not deal with Pmdent Carter’s uncertainties. '

prOposals concerning nuclear power. Most of these can be : With a decision to stop spent fuel mprmmg, and
_implemented without new legislations, although decisions . *- an expansion in the use of‘light water reactors, there will -

~on funding or. not funding certain projects, such as the be an-increasing need for facilities to store. the spent fuel
LMFBR must be made by Congress. elements. To insure that adequate waste storage facilities « -

. Under the President’s energy plan, the country w1ll" are available by 1985, ERDA’s waste management program -
ise more_light-watet reactors (the type being used nOW)  * has been expanded to include the development. of \
- to help mget; energy - needs. The government ‘will- give . - techmques for long-term storage. of spent fuel. R

/- increased attention to safety at such power plants, . . The fate of a reprocessing plant under construction =
. paticularly in. the: areas of plant security, reporting-of  in Bameswell, S.C., the Clinch- Rivel’ project, -and -the -
~minor mishaps and COTPPOHCM failures, and criteria for proposed enrichment plants depends on how much money -
Plfmt siting. .- . is voted by Congress to fund them. The funding:proposal
. _The President has dxrected that a study be made of has been sent by President’ Carter for all three Pfolgts _

the’ entire nuclear hcensmg process /He has proposed that . He is asking for money to termipate the first two projects; -
_ reasonable and 'objective, : critieria” be established for  and to expand 'enrichment: ‘capabilities. At this’ wntmg:\
- Ticensing and. that, plants which are based on a standard these proposals have not yet ‘been acted upon by the.
- design not require extensive individual licensing. This is an Congres T

effort to.cut down on the time it takes to get a nuclear * .. The President has pro;ected the future impaet - of his- -
power plant built and operating. - . overall ‘energy- plan: He has based his projections onthe -
“The - United States as well as several’ other countnes » assumptions. that U:S. population will increase. from 216

4 has been .d?V‘?lOng a bieeder reactor that uses plutomumG’ milhon ‘people today to 235 million in 1985, and that the "
.a by—préduct of uranivm in nuclear reactors, The U.S. haS . gTOSS nanona} ‘pl’OdllCt wﬂl mcrease by about 46 per ce«nt
also been developing reprocessing technology torecover the . - by 1985.°

" uranium and plutonium in the spesit fuel from light water - In terms of fuel use, the- expected unpact is shown
reactors. The recovered uranium could be recycled back ' in Table 1. For easy- companson the numbers ShOWll have

. into light water reactors, orstored for future use in breeder all been changed to their equivalent in millions of barrels

- reactors.. Buf " plutonium can also be used for nuclear = of oil per day.

explosives, and. the President believes that the risk of .
nuclear proliferation from these two technologies is too Table 1 -
great ‘to warrant their continuance. Thus, under the Fuel Supply and Consumption ’
President’s policy, the United States will defer indefinitely (Millions ofbarrels of oil equivalent per day) .
the commercial reprocessing and recyclying of plutonium, 1976 1985 Projections -
as well” as the commercial * introduction of the Supplies Without energy With
plutonium-fueled breeder. He is proposing to cancel : ' ~ plan Plan
‘construction of the Clinch River Breeder Reactor “Domestic ,
Demopnstration Project, concentrating instead on evaluation - Qjl 97 104 106

* and development of breeder and other advanced power  Natural Gas 95 82 8.8
reactor concepts which do not involve the production of Coal 79 12.2 14.5
- weapons-grade plutonium. The President hopes that these Nuclear =~ 1.0 3.7 3.8
actions = will - encourage Other nations tO re_]ect' ’ Hydro’ reﬁnery gairis, other 19 26 - 2_3
plutonium-based technology. As an inducement for them Total domestic supplies” 300 371 400
to ‘do -so, he is proposing that the U.S. help to assure o '
supplies of the slightly enriched uranium required for light -Imports . )
water reactors. Toward this end, he is proposing that the oi o : 73 11.5 70
U.SS. expand its uranium enrichmeént capacity by adding ~  Natural Gas ’ 5 1.2 6
more enrichment plants. These plants are to be of a new Coal (Expérts) o -8 .12 -12
type called gaseous centrifuge plants, as opposed to the - - 70 115 6.4

,~ three gaseous diffusion plants currently in operation in the - ,
US. These centrifuge plants have the potential- for Total Demand, Domestic and Imports |

producing enriched uranium at a lower cost and at a drastic ., 370 48.5 464

savings in electrical power requiremerts. , , Y . '
The expanded number of light water reactors will . The ‘plan is projected to ‘save about 4.5 million barrels

requnre adeauate supphes ‘of’ natural uranium for fuel . of.imported oil per day over the amount of oil we would

otherwise requjre by 198S. ' , s .




<> Note that’ the 1985 projected oxl unports under the .

énergy plan are 7 million barrels per day. The President

" believes. that voluntary conservation.could achieve a further

- reduction to ‘the goal of below 6 million barrels per day.

Projections quoted in the'National Energy Plan suggest
‘that the ptan would not adversely affect economic growth.

* There would be 2 moderate increase in the rate of inflation,
but it is felt that this is outweighed by helping to assure -

2

n .

-

. coal production and ‘use,.

T requrrements

» adequare energy supplies at reasonable prices.

The impact of the program could be felt beginning

-early in 19'78 and would reach its maximuri-force in about

3 years. For consumers, the effects would be felt.in the
gas-guzzler tax, revised utility rates, tax credits. for making

‘homes more energy efficient, and higher prices for all

quality. Unce
increase. in coal atilization. The" President will appoint .a-
‘special committee to study the health effects of increased.
and the coal research 'and
on envrromnental

conservation ?am, should help preserve environmental

development program’ \w1l]‘ f_ocus_”

REACTlONS TO THE PROPOSED ENERGY POLICY

‘intended -

o

ty continues~over .the impacts of -the

>

*or sunple prohferanon-proof technology to wluch we can

switch.
According to Rep. McCoxmack, the most dangerous

- unverified assumption is that far more recoverable uranium

- will be found in this country than intense exploration has

" indicated will- be available. No one knows for -certain how

.prodycts using oil, msludmg gasoline, plastics, .4and
syn}zeuc fuels. T
# Many . of the proposed measures, -notably the

much uranium will be discovered, but Rep. McCormack
and many other experts believe we are’ taking an

_unacceptable risk if we proceed under the assumption that

we will not need a breeder technology until the next
century because fuel will be found as we need it. If the
fuel is not found, we would almost certainly suffer a serious

.energy ‘shortage. without the technology-to do anythmg

about it.

reglonal nuclear reprocessmg centers, closely supemsed by

Rep. McCormack proposes the establishment . of -

the International Atomic Energy Agency, with -the -

. involvement.of all the participating nations. Only blended
Uranium and plutonium would be produced, which would. -
work -for fuel elements, but not. for ~weapons without

~complicated and expensive -separation. :

Rep. McCormack has made some pro}ecnons baséd on .

President Carter’s energy plan and its effects. on-energy.
supplies after the year 2000. If the ‘plan is successful in,

* that. the energy growth rate has been lowered to 2 per

Representatrve Mxke McCormack chalrman rof the -

House Sc1ence and Technology Comrmttee predicts that -
the Presxdents proposals .on- nuclear policy, -although -
reduce the thréat of nuclear ‘weapons
prol:ferauon “could ‘well have exactly the opposite’ effect.
He further feels: that they -would probably deny our
countryu only chance to produce the energy we will need

. for ecapomic. stability. He believes that the President’s

B proposals are based on several false assumptions.

' The - first. of these .assumption is that plutomum

“recycling and tht: breeder reactor would somehow uniquely -

contnibute “the potential * for niclear weapons
proleeratxon But as far a5 is known. no weapon has ever

~ been made from fuel produced in any commercial nuclear
" power plant in the world. There are other means of nuclear .

' ~weapons. For example India’s nuclear explosive’ was made '
_from a research reactor- sold to India by Canada.

proliferation that provide much easier ways of making

‘The .next, assurnptlon is that other nations will follow.’
our lead in abandoning breeder development and nuclear
reprocessing programs. Japan and most Western European

" nations do not have our supply of fossil fuels and feel that
. it is absolutely. vital 'to their survival to proceed promptly

with their breeder programs. Thus our foreign- nuclear

“custorhiers will seek ‘other supplier nations, or develop their
_own programs.

A

Rep. McCormack states that the next assumpnoo isT

that there. is some safe breeder technoloues which .can

* replace’ the’ unsafe liquid metal fast breeder program. But.
he " further states that any nuclear materrakﬁ'l will

produce energy in a power plant can be exffacted from

_ the fuel and used in'a weapon. In short, there is no magic

-

S

7 assumptions,

Rep.. McCormack - assumed that coal consumption would
be -3 -times ‘today’s levels.
hydroelectric power would double and-solar power increase

He also "assumed that

- cent by 1985 and 1 per cent by the.year 2000, our nation -
‘will by. then be consuming energy equivalent to about 55
‘million” barrels -of. oil per day: Of this, 13 million barrels ~ -
- per. day will still-be direct oil and gas.consumption, - .
" includingabout 4 Toillion barrels per day from oil imports.

ten-fold between 1985 and the year 2000 He further -
assumed that industrial _waste would generate 3 to 4 per

cent, and geothermal energy ‘would meet 2 per cent, of
oQr total energy needs by that time. With ‘these optimistic

“these sources would amount to about 36 - 2

million barrels of oil equivalent per day, leaving 19 million -

barrels per day-which must be made up by nuclear power
or additional oil imports, or else exist as an energy shortage.
He assumed that no additional imports will be available
by that time, and that an energy shortage of that magnitude
is unacceptable. He also gsstmed that there will be no new

" ‘energy 'source which can be developed to the point where

. _ the energy supply. and demand figures of_’the energy polity, -
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it can make up .@5?1 significant part of this deficit. Under ’

these assumptions, only- nucléear power can fill the gap.
Nineteen million barrels of oil per day is equivalent to the

electrical output of |bout 600 nuclear power plants. .

Making the peadent assumption that there is about 1.8
million tons of economically recoverable uranium available

for use in reactors, ‘there is adequate fuel to supply only’
- . abof#t 270 light water reactors.- Thus_ he concluded that
= tKe President’s’ energy plan, thls nation: must soon -

miake a co: b
1990, or- fgce 3 severe energy. shortage.

PR

Dr. HansLandsberg, an economist ‘and ‘senior r fellow -

at Resources for the Future, has made an assessment of

+ .

s
.

R

itment to $tart building bl‘eeder reactors by e
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shown in Table 1. Dr. Landsberg believes the 2.5 per cent HE DEPARTMENT OF ENERGY

_average annual growth rate in energy use through 1985 is

reasonable, so -that the demand for the energy equivalent - Leglslatton already passed created a Cabinetdevel

of 46.4 million barrels of oil per day is plausible. Department of Energy which began operations-on October

. On the supply side, however, Dr. Landsberg seesa - 1, :1977. The Department will have about 20,000
T . great deal’of questions. He believes that increasigg the use . employees and a budget of 10.6 billion dollars. It brings ™
. »=  of coal to the extent proposed will be very difficult-if not .together the - functions of the Federal Energy .

1mpossxble. In the past, utilities and industries have balked- ~ Administration, the Federal Power Commission, and the
~at converting to coal; ‘based on environmental, Energy Research and Development Adminjstration, as well
technologtca! and economic grounds. It remains to be seen as some . 50 bureaus and agencies that have been scattered
whether the conversions will now occur on ‘the scale throughout the Federal government.
© projected. ' * The Senate quickly. confirmed the President’s energy
- ® -In ordef to ‘produce enough coal, all the facilities: adviser, -James Schlesmger as the countrys ﬁrst Secretary
,assoclatedr with ' coal, most notably transportation and of Energy.
manpower, must also-grow. State and federal jurisdictional = - The: Department of Energy -will_administer the —
conflicts must. be resolved, land -use and restoration. = national energy plan. It has power to set energy’ prices, -
~  practices must be established, and the* environmental effects .~ enforce conservation measures, and allocate fuel to various,
. of buming such tremendous amounts of coal must be " partsof the country. It will have billions of dollars to'spend . - _ .
_ . assessed. Dr. Landsberg believes that in this context it. i " an - energy ‘research. A specml off‘ce wlll complle -
oL hnghly unlikely that the use of ‘coal will come up to the ‘information. on. U«S energy resources. -
Presidént’s Pl'OJeCtlon-- ‘ - The Secretaxy of Energy does not have complete :
' In the projected supply. domestlc oil productionmust -~ authority over the pricing of fuels. Instead a five-member.
“tise by 12 per cent and natural. oas production must not © . Federal Energy Regulatory Comrmss_x‘on wtll have the ﬁna] -
decline- by. more than 7.5 per. cent. Even considering word on fuel prices.. . hY ' “”";_.
‘Alaskan oil, .and oil and natural gas from the. outer - - Since this department is so new, a breadkown of: jts )
_‘continentat -shelf’: Dr. Landsberg bel:eves thesﬁ"FO}ectxons ‘ Vanous séctions, their duties and their addresses was niot - _-
to be overly .optimistic. - . " available at this writing. Thus reference is;made to orgamza-
.. Dr. Landsberg.considers the- pl:m s nuclear obtectnve "~ 'tions such as ERDA, recogmzmg that they are now_ & part Q
"~ to be completely out of reach because of the long time it . of the Department ofEnergy A .
~ takes to get nuclear power.plants built and operating. He , ' ‘S
- believes the niuclear. projections to be high by#®0 to 25 ct:vnty IV-6 _' B S ) ; ,
“per. cent. since the plants which - will be producing - o S ce
electricity. by 1985 must be under construction now. ObJectnve : o -
_ Thus Dr. Landsberg considers it virtually impossible : : -
to achieve domestic targets so that the demand can be The students will descnbe their. concept of life in the
satisfied by oil imports of no more than 7 million barrels vear 2000 Wlth emphasxs on the- use of enery .
. of oil per day. He believes that 3.5 to 4 million barrels , _ - ,
of imported Oll per day above and beyond the target will What" to do" T S - . .
be needed. a number close to the no plan projections of : : '
Table 1. . : Have the studénts write and illustrate short stories or
Other reactions to the President’s proposal were also poems describing what they think their life might be like
fast in coming. By emphasizing conservation of oil more in the-year 2000, with emphasis on the use of energy. Have
than production. President Carter’s program has displeased them compute how old they. will be then, and whaz their
~ the oil industry. Oil interests wanted prices to be allowed job and home might -be like. g
to rise in a free market, thus providing an incentive for )
production as well as for conservation. - Activity 'IV-7 '
- The coal companies said that ennronmcntal controls
would make the shift to coal as required by the President’s . Ob_;ectwe )
plan tmpractncal Some conscrvationists fear that o ) o - .
ermronmental standards will be sacnﬁced for the use of © " ' The student will choose the dll’CCthl’l of development
coal. .. F'S o < of. future energy sources. ;
Advocates of a free market economy qucstroned ‘ .
- whether the complex system of taxes and rebates would W}iat to. do? : . T
accomplish anything more than thc estabhshmcm of a new .
bureaucracv Lo : Have the: Studcnts choose whnch energy sources they ..

would ‘use to 'develop as, natlonal pnontv to meet future
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needs. Have them write a composmon usmg the lcnowledge
they have obtained. o .

Activity Ivs

_‘-Ob'jeetiv_ze:-'

- .+ To examine the importance of energy”In changing life

_ Whafto do” o

As a homework assignment ask - each student to
interview at least one person who can recall from personal
-experience what. life -was like,in the U.S.A. forty or miore
* .years ago. Ask the older person to 1dent1fy several of the.
. most significant changes that have occurred regarding th
. bfe style of the American people.

_Develop on the chalkboard a composition hstmg of
: all srgruﬁcant changes cited by the persons | interviewed: The
list will likely include more autornobiles better hlghways,
~ -scheduled airlines, automatic heat, television, supermarkets,
" frozen ‘foods, longer vacations, fast Teod operations, and
‘many, many others:

. '_trucker salesman, custodran, and so forth.

Urge the students who are doing the: mtervrews to
speak clearly and to urge. those. being | interviewed to do
the same since the recording is to be played to the entire

- class for their study-reactron

As the recording is played to the class, ask students

-to determine how perceptions of the energy problem differ.

Do-these perceptions vary accordifig to income level, 2ge

. or other criteria? Are there a-v agreements as .to- what

could/should be done? :

- The activity might be concluded by askmg each ~
student to write a few paragraphs on what he/she has
learned about communrty attitudes toward the energy -
problem : \

Activity Iy-‘lO-

,(jbjecti\'re: R .
"To examine relanonshrps between lrfe styles and -
'_'energy costs. A ., I
e

™ What to do"

y Assigh’ to pairs’ of students the task of thinking:

- senously about one of the significant changes and reporting

~ their conclusions to_the class. What kind of energy was. .

“form of energy’ plentiful in the US.A.? Is that energy

'supply assured for the next forty year:s" Have the changes .

in life style beemgooa‘"

R Actmty I_V- .
Objective: .
'L‘o survey community attitudes regarding energy
shortag&s .

“What to do"

Setect from the’ class two or three students who will,
with the use of cassette tape recorder, interview people
in the community to ascertain their reaction to the energy
situation.

- Involve the class in developing questions to be used

is) used to produce the change in life style? Was (Is) that

. Review, with ,tl"re‘*class ‘the fact that gasolme sells for -
0 or more per gallon in many European countries such” "

as Swrtzerlan:d Holland, Denmark, France, and Great'
',Bntam Co ER
‘Divide ‘the class into- groups of ‘t.hree or four students S
‘Ask each*group to think about and dewvelop a list of ways |

in which lifé styles in ‘those countries with high gasoline =
costs is likely to be different from the ways people live”
in the US.A., where gasoline is cheaper than in’ any other
highly industrialized country. Encourage the groups to
think broadly beyond such obvious things as size of .
automobiles and number of superhighways. Types of family
vacations, suburban sprawl, status of railroad passenger

~ service, extent of air travel, use of recreational vehicles and

>,

_by - the-students in the interviews and in decrdmg on the -

: populauon to be interviewed.
“Questions ‘might include the followmg

1. In your judgment, is there really an energy
problem" :
_-If there’is ‘a° problem, whose fault is it?
If there is a problem what can you do about
1t" ;
" What, if anytlung, are you domg about it?.

The sample  of 'persons to be interviewed should o

represent a range of ages ‘and - occupations- such as

. *.homemaker, student, store owner, service station operator,

'WORLD-WI DE PERSPECT IVE ON

many other element of our life style can be shown to be
related to energy costs.

Ask each group to make value ]udgments as to
whether the-life style in high energy cost countries is worse
or better-than ours. Ask each group to state its conclusion -.
on one or two specific examples and defend its posrtron
before the class. -

THE ENERGY

. 'PROBLEM

. No country, however large qr wealthy, can now view
the future of its citizens independent of the rest of the

"world. National monetary systems are riot independent, but
'_are part of an international -monetary -system.-National -

. economies are mcreasmgly dependent on the international

flow of resources. One small region, the Middle East,

“controls¥the lion’s shase of the world’s known petroleum . .-

reserves. North America controls a large share of exportable -
grain supphes Interdependence among countnes issogreat’ .

- S

v -
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* Soviet Union and Japan are strongly influenced by us.

E 'use of energy. Those

» “that the s:ze of éutomofnla and level of thermostats in,
- .. the United States,are influenced by . oil production and

export_decisions in the Middle East. Food supplies in the °

agnaxltural export decisions. ,
© It is therefore 1mp0rtant to understand sometlung

a 'abourt the energy situdtion in"the rest of the world, and
’ how world-wide - energy consumpﬁon is likely to change.

" A country’s standard of living is closely related to its
untries with a higher per capita
(per person) income -also had - higher per capita energy
consumption. As might be expected, the Unijted States

" leads: the world in" energy consumption. With only about
6 per cent of the world’s population, theé United States

accounts -for more than one- third of thgfworld’s energy
consumption. .Furthermore, the United States uses more
energy per capita than. other countries with - similar
standards of living. F:gure 2 .shows the. relationship

between energy consumption and gross national product” -

(a measure of standard of living). Note that many European .

countries- havgzper -capita "gross natxona.l‘products in the:

St W : . S

. Energy Consumption Per Unit of GNP

Same range as- that of the US,, but maintain conmderably

" lower per capita energy consumpdon
“ The less developed countries of the world use very

little energy: per capita. These countries, where most .of -

- ~ /3he citizens live in.poverty, have 50 per cent of the world’s

population;_ they consume only "2 per cent of the world’s

energy. It is estimated that by the year 2000, they will
co e no more than 4 per cent, with 55 per cent of
the world’s population. The ‘developing countries of the

world are expected to show the sharpest rise in per capita”

energy constmption. Smaller wises in. per capita energy
"+ consumption in the' US. and other mdustnahzed cotntries
should bring our share of the world’s energy consuI?plton

" more into balance.
o These ﬁgures for per caplta consumptmn are tied'in
" with the world’s increasing population, which is expected
'to reach 47 billion people by the late 1980%. Much of
' this gain will' take place in the less developed regxons of
" the world. .

enérgy problems would show OPEC’s 1973 action in raxsmg
’ crude oil prices to be a b]essmg in dxsguxse ™~

It is poss:b]e that an unbmsed look zt the world’s -
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‘It has forced us to take stock of energy resources before
petroleum reserves approached exhaustion and critical
shortages resulted. But the price increase alone will not
“do the job, certainly not in time to avoid much higher
prices as réserves of petroleum are depleted. The countries

of the world who aré high energy consumers need to-

eliminate waste, improve efficiency, and develop new
energy resources. OPEC has helped to provide the economic
_incentive. [t-is now up to the world’s planners to come
up with constructive, practrcal solutions.
" .. The consequences of inaction appear too -great to,
ignore. For example, world crude oil reserves, which were
"as much ,as 50 times as great as annual consumption in-
1966 have fallen to about ‘30 timés annual consumptron
spite of new discoveries, we "have been
substan!l%lly -reducing the life expectancy of our petroleum
resources. Even the worldwxc{é/e supplies of this resource are
finite. We cannot depend on them to last forever. -
-The. development. of new energy sources must play
an important role in bringing the energy picture into better
balance. ~Today’s petroleum  prices give sorme

encouragement to” the development .of these alteraative. .

_-g -

sources. - T

Iran, one of the maJor oil and gas producing counmes
has embarked on a construction program designed to

_support 15 per cent of their totai energy demand from

- nuclear” plants: by .1993. They are doing this because their
eIectrlcal consumption has been growing at about 20 per

" cent per year, and they are advancing programs to. g@hserve
their petroleum resources. , -

Japan, Russia, and most European' countries have
embarked. on-an extensive program of nuclear power plant
construction. Most of these countries have little or no
natural gas or oil, and are .thus more dependent on foreign
oil than the US.

Because of President Carter’s nuclear policies, many

- countries worry that the United States will impose
'restrictions oveT the reprocessing, of spent fuel of US.
origin used in their countrics’ power reactors. Japan, for
example, considers fuel reprocessing to be essential.
Whether or not such restrictions are imposed, greater

United States, and even on fuel of non-U.S. origin used
|in reactors that have  been supplied by the United States.
“Fear of these kinds of restrictions piEpted International -

control can be exgzcted on nuclear fuel exportedfrom the

Sigvard Eklund to”

" sdy that, if intemationally applied; Us. pohcy would *

e violatevthe Nonproliferation Treaty, which specrﬁed the.
< Tight of all parties to the treaty to develop research, pro—
duction, and useof nuclear energy for peaceful purposes .

/wahout cﬁscnmmatxon

‘More attention needs._to. be gJVen ta conservazxon of -

" ‘enérgy resources and their more econosnic exploitation on.
ide scale. One’ way to do this is. through the
. fommulation of national and intematio;cal programs ‘\t«hich
' provrde better matching .of -energy souxces to energy-uses.

example, ‘a- larger share of the domestic -energy

nequxrements of oxl—producmg countries could be- supphed

.,—& . ;.' '

Ly
.

I

-

suited for export from the standpoint of both exporter
and consumer.

Whether it be development of new or present energy
supplies, establishing rea¥onable energy pfices, conserving
energy resources, or improving. the efficiency of energy

“. .systems, the ‘solutions need to-be international. Otherwise,

independent actions of individual countries or groups of

_countries may result in competitive programs which, in

" time, could bring energy and eoonorruc crises wiiich none-

of us want.
" Activity 4 VA1
Objective: o T )
- ‘ 4
The students will discuss the unphcatlons of the hrgh

energy use in the U.S: compared to that of the rest of

the world.

T/

Hold a class discussion on' this topic: Bring outthe:

‘What to do?

facts about the drsproportxonate share of energy we use, !

including the fact that the meat in our. diet takes so much

with ga.é, freeing more oil for export, since . oil is better-

energy to produce. Have the students give opinions on _ -

~ whether this is fair. By cutting our own consumption, ¢an
we. increase supplies for the people who really need it?:
‘How is it possible to better the lot of people who live
_in poverty? Is’ therc anything we can do personal]y‘?
/ . ° 2 N . : -

i Activity 1V-12 =
Objective:

-

~

The students will visualize the h-igh energy .usein the
U.S. compared to that of }he\r_est of the world. '

What to do? _' ~

" The following table shows population and energy use

by different categories of nations for the year 1975. .
- % world population % energy use -

T

B 'Less developed countries 50 -, -2
* Developing.countries 25 . ¢ 13- .
,»: [ndusxna.hzcd countries 19 . 40 .
USA T 6 -7 -4

" Put slips of paper-into a contamer equal to the -

number of students in the class. Each slip will be one of
four colors representing ;he\ four groups : above.
proportion ‘of the various *slips -

in - the-- coﬁmer
approxzmatqdy equal to the populanon ﬁgure; for.example, .
one half of th&.slips should be of the color representing less .’

“ developed “countriés, one quarter for developing countries,
etc. Have each student pull a slip of paper to determime to
-which group he/she will belong. Thus the assignments will |

~ occur by chance, just as. 1t is only by chance that we live in

this country

Have the .



-

N Take an unshced loaf of bread and cut it into four

" sections equal to the percentage of energy ‘consumption.

Give the appropriate. section of bread to each group.to
divide among themselves. For example, the US. group will

‘receive almost half the loaf, which represents our current

use of the finite limits of energy resources.

‘Have the class members share their attitudes toward "

. "B.

their particular portion and toward the people who had

larger or smaller pdrtions.

Activity IV-13
Ob.jective :

-1

crisis on mtematxonal relatlons
*

What to do? - - ®

A" Have students research areas of the world which have
" the largest supply of energy resources. Also have the

students determine areas of the world which are the

~ greatest users ‘of energy. Graphs and maps would be
very appropriate. ;

-~

-

The students w111 recogmze the 1mpact of the energy ~

3. Wil the

Have the students draw possxble oonclus:ons
concerning the effect of the present energy situation
on American foreign policy. Discussion should
include the Middle East, Latin America, Southeast

" Asia, the Soviet Union, Red China, and-Europe.
Have the students consider the energy situation in
‘terms of international trade, including the following:
. 1. ~The difference between' revenue and protectxve

“tariffs. : ‘

2. The possible consequenees of protectxve tanffs'

. upon the financial prosperity of the world.

3. An understanding of the Eurapean: Cofnmon

Market. Consider the wvalue of such an

institution on a world wide basis concerning

present day energy, natural Tesources, and food - -

supplies.

Students should consider the possible- effects of the ..

© present energy situation upon the next half century.
1; - How .will countries alter their standard of -

hvmg" (This is espec1ally unportant to the US
and Japan.)

~ 2., Will the countries of the world be drawn closer

together or will tensions cause poorer-relations?
“under developed” nations of the
~ world assume a role of shared leadership? ’

- -
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. FOSSIL FUELS  <: ., = . 5

Fluidized-bed Combustion of Coal

- Cdal is by far ‘the nation’s most extensive fossil fuel
resource, a resource .on which’we shall surely have to rely

heavily. Research is underway on new-ways to burn coal ..

cleanly. One of the_possibilities is fluidized-bed combustion
of coal, in pulverized coal is burned in the presence
of tiny partch‘eQ of . limestoge. Sulfur from the coal is
captured in th®_limestone, and the temperatures of.
combustion "are low enough that formation of nitrogen,
oxides is minimized. The solid residue from such a process,
instead of being a disposal. problem as in the case of flue
gas scrubbers, may have value as an agricultural nutrient.

.+ A pilot plant using such-a process has begun operatron in-

Rlversvﬂle West Vrr@a- ;b

¢

Mametohydrodynamlcs (MHD) o R L e

) MHD is a method for generatrng electricity by passing
. “hot combusnon gases. from burning coal through a magnetic

field “at, high speed.” MHD plants would be much more
* efficient than convennona.l coal-burning plants "and would "

-problems remain to be solved; especially. in producing the

also produce srgmﬁca.ntly less pollution. Many engineering

Tremendous amounts of coal would be requ1red-about 605
tons an hour for each plant. Much of the coal. would

* probably be‘stnp mined from large western coal deposrts

Without reclamation, which would ultimately add to the -~
cost of the gas produced, lgrge areas-of westem wilderness *
lands couldbe dévastated. e

- Another major problem for coal gasification is water
availability. Plants will require a great deal of water,"and
some of this water will be lost. by evaporatlon et
Unfortunately, the western areas where the most promising. . -,
coal deposits occur have limited water supplies. A recent” - -
National -Academy of Sciences report concluded’
enough water is available for mining and.land reclam
at-most potential coal mining sites, but not for large-s: .
conversion to other energy forms at the westemn locatidi B

, “Thermal poIlutrom is also a problem in. co
gasification. = -~

-Coal could also be hqurﬁed and used as a substitute

't%x: oil. Techniques to accomplish this are now .being.

studied, but are not as far alorig as gasification gchmques
The environmental considerations- for liquified - coal are
generally the same as for coal- gasrf ication, except that
water requrrements will probably be even.greater.. :

a

i

‘.« . -v-. .‘A'- . ‘-

" oil Shale PO . ;e .

Oit shale is a ﬁne]y textured rock that contains a

large, powerful magnets. requrred b“t this method does / tarlike material called kerogen. When melted, kerogen gives '

show promise. < -

14

'ﬂal Gasification and L:qu:factlon L -,

‘In order to ﬁll the, oi and natural gas gaps/of the -

" future satisfactorily, it is possxble that coal-will need to
- be converted to liquid and gas fuels. In this way, most
. existing fuel-burning devices would be. able to use the-gas

" or liquid made from coal without major modifications. ’

Also, the processing that the coal would receive would
remove mbost of the pollutants, such as sulfur, oxides of
mtrogen “and ash, leavmg a clean-bumrng fuel.

- . Coal gasrﬁcanon involves subjecting coal *to. intense
heat apd capturing the resulting gases. Depending on ‘the
process used, the final gas product .may have a relauvely
low_energy~content, or may be a “synthetic natural gas”

_that is very pure and has the same high energy content as
natural gas.
The ‘National Pertroleurt CBunicil expects sonfe coal -
g.asrﬁcanon plants to be in operation by 1985, but it does. .
not .appear possible that there will be enough to fill ‘the

projected gap between the’ demand .for natural gas a%d the :

domestic availability. -

While. synthetic *natural gas would not preSent the .vqa]most twice sthet¥olume of. {he origi
: pollunon problems of “coal when it is burned, - the -

‘gasxﬁcatlon pfocess presents its own pollution problems. It

is, however, easiet to remove the pollutants from coal

during its gasification than try to remove them from”the
- . smoke as the coal is burned. - D

A major environmental concern wrd; coal gaaﬁcanon ‘

~ is “that mvolved in gettmg the coal out of the groun;i
PRI ﬁu ST N s

wll Toxt Provided by ERIC

- . other process, which is being studied, is in-si

A studied because above-ground“ret mng has two tremendous

'." wShﬂe

" oil producnon unhkely th:ough 198s. . " . R
175 i‘ ;“ * o _ ‘-d' o \ ' |
1 1 7 '

off vapors that can be converted to shale: oil. This shale oil ;
can then be refined into oil, gasoline, and other petroleum.
"products. Oil shale deposits are” located primarily in
Colorado, . Utah, 'and Wyoming. These deposits are
estimated 'to contain the equivalent of several times the
recoverable oil in ‘the United States. f'
Thete are two geheral ’s of recovering shale orl
The -one that has already been demonstrated is
above-ground retorting, where the shale is collected and,
heated, distilling the vapors to produce the shale-oil. The - :
retpmng o
This involves breaking up the shale .und und by ..
hydraulic prgssure or some type of eXpTosron Thénairor™ 7
ed wundexgroind  to support L -
Blowctld be burned in place 7 ¢ ..
Yo Of the shale oil soitcan ™ - ™
AN Fhis in-situ retorting . has
- ntrol of” the explosron and

be pumped from ihe'.

"drawbacks. One is-the strip. mining that 'an above- ground

" operation would entail. But an even greater problem is the

disposal &f wistes ""Even ‘high-grade- shale” i$ about - 87 -
percént rock ok\ﬁert ‘material, and th %e wastes swell up to oo
nal shale. Nothing will * . -7
tr&thea; wastes wrthout large amounts of fertiizer- '
and wa nu ~
developn'{eg;; w-uld requ1re “enormous
quanntles of. water in areas awhere the water 1s simply- not.

‘et

- available.- : -

These problems miake anythi g mOre than»tok:rrshale e

NG
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NUCLEAR -PROCESSES
Liquid‘ Metal fast Breeder Reactor

The future’ of the liquid metal fast breeder reactor
is in considerable doubt because of President Carter’s
energy proposals. A brief discussion is given here so that
the  reader may 'be .aware of _its advantages and
disadvamages .

‘If the utility mdustry re]res only on light water

- redctors, the exhaustion -of uranmium reserves is riot too
‘many years in the future. The advanced nuclear reactor

- whrch would solve this suppIy problem is called the breeder

reactor. Of many types. of breeders proposed, the most -
promising has been . thought-to be the liquid metal fast
.breeder reactor. (LMFBR). Such a reactor is significantly-
. different from today s light water reactors. It is cooled- with

liquid sodium instead of with water. It is called a fast

reactor because it does not yse a moderator to slow down
neutrors. And’ ﬁanlly, itf actually produces (breeds)
. additional fuel a$ it maked heat for electricity.

The breeder reactor would use a mixture of uranium .

and plutonium for fuel. JThe plutoniunr can be fissioned,
and in the- process, neutrons strike the nuclei” of the
uranium and produce more fissionablé material, rncludrng

*- plutonium. :
. The LMFBR has the pot.en.tral of be:ng more effc:ent-

than light water reactors because of the properties of the
sodium coolant. Thus less waste heat would be produced.

Breeder reactors would also reduce .the .escape of

radiation into air and watet. The reactor core would
essentially be a‘sealed system, and.even the small amounts -

of radioactive fission products now released by lrght water ’

reactors would be’ trapped in the core. -
" There are -problems with breeder reactors, howeyer.

Some are due to the nature of the sodium cocglant. Sodium-

. is a highly- chemrcal]y reactive metal 'that will -burn if it

is exposed to”either water or air. Further it.is a solid at,
_ . room temperdture and requrres ‘an elaborate heating system

to assure that it will remain liquid throughouit the coolant
$ystem. Sodium is not transparent, which would compticate
refueling and maintenance. The sodium coolant would also
become 1ntense]y radioactive.

" - Some people believe that an accrdental power surge
. inan IMFBR could lead to an uncontrolled chain reaction,

which could explode the reactor and release dangerous -
.amounts of radiation. Others knowledgeable in.this area

say such an eg(pl-osron is strictty impossible.

* The major controversy -eXists “over.the . plutonium.

produced by “the breeder reactor.” Plutonium can be

“ fashioned inte nuclear weapons, and this is the basis of -
N,

. President- Carter’s- objection to the breeder. Plutoniumi is
also extremely poisonous, and it is-a radioactive substance

.with- 2" very long half life. Thus it must be handled and
stored under very carefully controlled condmons #ind will

remarn raldﬁoactlve for thousands of years. It should be = .

noted thaplutonium has been transported and stored for

years as part of the mation’s nuclear weapons program, %o

the . problem’ is- not unique to-the breeder reactor.

' . Proponents also contend that light water reactors and

. breeder. reactors .can work in complementary fashion by

. recycling waste plgtomur,n from light water reactors into ="
+ fuel for breeder reactors. The quantrty of avatlable'

LI

o (each of-which has its variations and:refinements)wi

plutonium can then a]ways be adapted-to demand'so that
there would never be a stockpile of plutonrum It has been

estimated that the stored uranium-238 left over from™ - =

producing fuel enriched in uranium-235 for-light water
reactors and weapons manufacture, if converted to,
plutonium in a breeder reactor, would make.available to
us energy equivalent to all our known coal reserves.
Demonstration breeder reactors are operating in the
Sovret Union and France and- are under construction or
planned, in West Germany and Japan. The US.

"demonstration plant, the Clinch River Breeder ‘Reactor

Project, was planned to be operating by 1983. The future
of this plant is now unknown.The U.S. was a pioneer in |
breeder technology,: but we have now fallen far behind -/

-other countries.. It is probable that by 1985, about 10

breeder “plants ‘will ‘be operating in European countnes
Germany, Italy, and ‘France are- mounting 4 cooperative

_-effortin the Superphenix pro;ect wrth alarge breede‘r plant

to, be completed m 1982

‘Fusion = et

- In"the process of nuclear, fusion, two light nucler are
forced together under extremely high. temperatures and -
pressm'es to form a heavier nucleus, and a small amount of
‘their mass is converted into a tremendous amount of
energy. The fusion reaction for electrical power production
will probably- use fopmy of hydrogen called deuterjum and
tritium to make a single helrum nucleus and a neutron.
-Scientists have been working for 30 years to*coatrol
fusion as a power source. The major part of their effort has -
been spent in trying to create 2 magnetic “bottle” to hold
the” thin, hot, ionized gas of hydrogen. atoms, called a
plasma, needed for fusion. A solid container cannot be used

.~ because ‘the slightest contact would destroy the plasma; in
- addition,

no material could remain intact at the
temperature . needed to achieve fusion But because the

plasma: consists-of particles with elec ] charges it can be
contained within a magnetic field of the pgoper shape.

- No one has yet been able to maké€such a confinement

‘aﬁeld that will hold together even for the fraction of a .

second ‘needed to achieve fusion. In the 1960, some
physicists said that fusion. power” appeared impossible

because of the basic laws of science. But todaf'lt appears
- that .success "is possible, aJthough mdny- engineering
- problems remain to be solved.

' The most promising magnetic confinement approach - -

“seems to be -the tokomak, a doughnut- shaped device -
- originally -developed by. the Soviets (who have freely shared

peaceful fusion 1nformatton) and later refined by the
United' States. Other approaches are the theta pigch .
concept, which uses brief; powerful pulses of energ%"

R squeeze a tube of plasma into the fusion range; and

magnetic mrrror concept, -.-which contains " the . plasma
between “walls” of magnetic fields.
race is now on to se ich of these three concepts

most effective-- the posmbrlrty that elements/

. the three maygbe combined in a worki
reactor. A'progression of experiménts in the U. S. and other
countries could lea@ to -operation of comrnerc;a] scale
) e s oo !. ;

ot
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" fusion power plantsin the 1990’s, w1th fusron makrng a

significant contribution to the overall. energy supply in the

first decades of the 21st century. =/ -
' One hope for bettering this umetablegs the corrcept

- ;of ingrtial confinement of plasma. In this process the "

P

ERic e

powetful concentrated - energy of lagers would be used.
- Thus this process is often called laser fusion.

.~ These timetables for development of fusion power
assumie-a relative moderate level of government spendmg A
large increase in spending might speed cdmmercial bse of

fusion power. But it must be remembered that p_hysmrsts o

working on fusion powgr are roughly in the situation of

-1

scientists working-on fission in early 1942 they believe

that their concept. will work, but have not yet proved itéy
experiment. Considering- the: engineering problems of
 building a ‘fusion reactor once the concept is proved, it
_seems safe to say ‘that- fusion power under the best of
' circumstances will not make an appreciable contribution to -
the'nation’s energy supply until the 21st century, unless the_

. most optrnnstrc predrctlons tum out to be true. . , .

GEOTHERMAL ENERGY - ,

. Geothermal energy is the: natural heat of the earth. ..
“This heat can be tapped b}_»dnlhng into the earth, and can

be turned into’ usable energy by runnrng turbines to
generate electncrty. .

At ‘prescnt, the only large-scale geothermal power
generation complex in the country is the Geysers fiéld.in
California, whose electrical output is 502 megawatts. The
only geothermal facility of comparable size is-in Italy. and
there are smaller such plants in other parts of Italy and in
Japan. "y
. These facrhnes use a"rdre natura]ephenomenon called
“dry steam.” This’is produced, when hot water boils in an
underground reservoir. Some of .the resulting 'steam

- condenses on the surrounding rock,, ;and the rest’ reaches the

surface.. Dry steam can be used in a turbine without the
need ‘for a boiler. - There are problems with dry

+ steam—-among them. the pollutron created when minerals

such as sulfur are released with the steam. But this form of
geothermal energy. is the most Zasily usable, and
unfortunately the least available.. : .

““Wet steam” is created when underground water is
heated by surrotinding rock to -the “'Boiling point, but

remains liquid because of high underground pressure. This

water flows to tige surface when wells are drilled in the right
-places, in a mixture that is 10 to 20 percent steamn and-the’

rest hot water. A well-known example is the geysers at .

Yellowstone -National Park. Power production. is’
-complicated- with- wet steam because the stear must first be
separated from r.he hot water before it cange used toruna-
turbine. - ot

Wet steamn now is beJng used torgenerate electncxty in

[
New Zealand, where the steam is used directlygto turn a -

" generator, and in Mexico. where ‘the hot water i§ used to
heat. isobutane (a liquid, with a loyer boiling point than

‘water) which turns the generator A’number of wet steam . private research funds or by purchase of some of the
commercial solar energy heating’unifs now on the market.

~ reservoirs have been jdentified in’ the United States, chiefly -

. in-the western part of the country. The efforf to tap these

=)

resources is in its earliest stage. - -

: SOLAR ENERGY

systems,”
“high pressures, usually mixed with natural gas. Petroleum

“long the’ hrgh pressures . will
" reluctance to Invest large amounts-of moriey in the deep

.

A thrrd form of geothermal energy is * éeopressunzed
_Teservoirs of water trapped far underground at

exploranon has discovered a number of such reservoirs ina

belt running 750 miles along the Gulf Coast. There is hope :
for quick commercial yse of these reservoirs, but thereisa

lack of knowledge about the espemally insofar ag how

st.’ 'Fhus there  could be

drilling neede,d to reach the geopressunzed systems.
" The fourth and most common form of geothermal

-energy, is hot, dry, rock, which is found near the surface in | '
large areas™of the world, including a substantidl portion of *

the western part of the U. S. The potential energy- of the
western’ states’ hot rock areas is very large, but use of this

energy depends on both an increase in knowledge about

this resource and major advances in technology. To tap

* these resources, it is proposed to drill a hole deep into the
. rock ‘formations, fracture the rock either by explosives or = |

* hydraulically, pump water .down and withdraw the heated -
. water through another hole, extracting the heat to generate

electricity. The essentials of this technique are commonly
used in oil drilling technology, but their application to hot

rock systems is still in the experimental stages. Energy °

production from the normal heat gradient’ of the earth
would require a major advance over the technology needed
to tap hot rock resources.

The- speed with which geothermal resources_ are

'brought into use obviously depends on "z number of -

economic and technical factors. The best: estimate is that
the nation’s geothermal resources will be supplying only a

small part of the country’s energy needs by the year 2000

Vs Most of the earth”s energy comes from the sun. What

is needed now is a way of harnessing solar energy other o

~ _than the method of first allowing solar energy to produ'ce'

- .into
low-tem

organic material and then having the organic material turn
into fossil fuels by geological activity.-

The potential of solar energy seems almost unlimited.
A solar energy panel of the National Science Foundation
and the National Aeronautics and Space. Administration
estimated that all the electric needs of the U.'S. in 1969
could have been met by converting 10 percent.of the

“energy received by j!lSt 0.14 percent of. the U. S. land drea

77

electricity. -~ But - solar ‘energy is a diffuse,
rature heat source, and it must be transformed
ifto a glpre concentQts,d‘ hotter form for practical use.

Sotar Heatmg and Coohng

There are a number, of buildings in the U. S using
solar energy for heat. ERDA’s forecasts are for as many as B

2,000 residential units and 400 commercial units using solar

ing financed By govemment research funds by 1980,

additional buildings-using solar energy either through

It is possible for .a solar heating*unit to serve as a
supplement to a conventzonal heatlng system, although

~

184 R

-

"



.hxshl

~.candidates~about -

Solar Electricity Generation

LN

s i . ) . v R
. S B .- . - A . -
« . . L - . . .
- . v . .
’ . )

. ), -»”. ' . : . " o B
large areas of the United States have enough sunlight*for

the solar unit to serve as the main source of heat, with a
converitional system as backup. Such a solar unit would

have a collectoy, facing south for maximum solar exposure,

“with an area of 400 to 600 square feet. The collector,

surfaced with glass or plastic, traps energy through the
“greenhouse effect”-allowing short wave length solar
enérgy to enter, and retaining longer wave length infrared

-energy. The trapped energy heats an absorbing surface and
is tranferred to a fluid, usually water, to be stored and used

to heat tite house. While energy can be stored for as long as
three " days,’ a conventlonal heating system is usually
required as a- supplement since the least sunshine seems to
be in areas needing the most heat’

-~

Solar cooling is 2 more_ complex techmcal problem :

since it requires hrgher tempera{ures to use sofar energy to’

run heat-actuated air conditioners.” But it is regarded'asa -

promising area for research and dev Iopment, since
the
(mostly for air condmomng) ina given area and the amount
of solar energy arriving in that area.

© Use of solar energy- for heating and- coohng depends
not so much on technical advances-working solar énergy
heaters have been used for decades in sunny parts of-the
world-but on a resolution of the problems. involved in
introducing ar’ unconventional technology into.a market as

" fragmented as the U.S. housing industry. Studies by NSF

two-thirds of all buildings are. solar
million buildings By the year 2000.
One. expert, Charfes Alexandér of Youngstown State

show that

. University, estimates that half of the newhomes in the U.S,

will" have -solar heating and cooling’ by 1985. A.more
conservative estimate, made by a joint NSF-NASA panel. is

is a coincidence between the peak-times of energy use ’

that 10 percent of new homes will have solar heating by -

1985. Since heating and air conditioning of  buildings and-

homes takes -a -tremendous amount of energy. this

promising use of solar energy could take some of the
burden off other scarce energy supplies.

Solar cells capable of converting 10 percent or more

* of incident sunlight directly to electricity are now available,

" provision needg to be made for times when the wmd is not
blowing. '

.but their ¢ost is 100 times the price per kilowatt of -

conventional generating plants, An important need" in
making. such generating systems practical is- the

development of a'way of storing electricity for use during~

times when the sun is rot shining. A number of systems
Rave been proposed, including the sort of pumped-water
facilities already in use with nventional generating
sources. Other proposals includetrant flywheels, whose
-effectiveness has not been proved in.practice.

The NSF ‘has said that solar cell systems for schools
and shopping centers could be in use by the early 1980’s.

aﬂ’Central generating plants are not expected to be operational

before 1990.

£
¥

A proposal to orbit a giant array of solar cells at an .

altitude where its orbit would keep it above 2 fixed spot on
earth has been madeé. The electricity from this array would
‘be beamed back to earth by microwaves. Such a station
would be orbited with the use.of the space shuttle. It is not

.that solar thermal plants. will represent 1
- new generating capacity., after the year 2000 and Wll]
' prov1de 5 percent of‘the natlon s capaclty by 20'20

- Wmd Power

-will be tested at a -NASA- facility in Sandusky

_ various-aspects of solar seapower, but there are no estimates

T

. expccted to become :L reahty untll some time in the 21st
‘century-

« (3

The-concept of buddmg a solar thermal generatlng
station which would use lenses or reflectors to concentrate
the sun’s heat for operation of a turbogenerator is also
being explored. Such systems have been run experimentally
in -many .areas, b
questlons remain fo be answered. It is estimated 'that such a.

plant in the southwestern part of the U. S. would require d

10 square miles of ¢ollectors, covering an area about half _

- the -size of the 1sland of Manhattan, to generate 1,000

megawatts. The NSF-NASA panetsaid th ir estimate is-

percent of all

R%

s

S Wmd po%r comes under-the heading of solar energy,
since the winds are sundriven atmospheric systems.

Windmills which were previously used in this country
were made obsolete by electrification, but the concept-has
lived on. Scientists have identified a number of areas in the
U. S. where the winds seem suitable for large-scale power
production. Although wind power requires large initial
capital costs, there are no fuel costs and. no pollution.
However, objections on esthetic grounds to putting huge
wingmills on large. tracts of unspoiled land may be a -
problem.

NSF is studying the suitability of wind power at a
number of sites. NSF-and NASA are cooperating in,
production of a 100 kilowatt wind turbine with a-
125-foot-diameter rotary blade on.a 125 foot tower that
Ohio.
Experience with- this unit will determine when and
next, step to larger units will be taken. The probleﬁ
energy storage comes up again with wind power, since

Thermal Gradient

A more speculative proposal would use the dif:ference

in the temperature of surface water and deep-sea water.to = -

run huge genera?mg stations. In the tropics, solar heat keeps
surface water at 80 degrees Fareheit or above, while water .
at a depth of 2,000 feet is betwéen 35 and 38 degrees. -

. Experimental plants that' genérated electricity by. utilizing

this temperature gradxent have- been operated before, but
ceased .operation because of damage by waves and currents.
’ ERDA has commissioned a number of -studies on

of when siich systems might be able to make a meamnful
contnbutron to national energy needs. - ™

X
A
i

. Tidal Power

Tidal power is another use of solar energy A small
plant in France has been in operation since 1965, but

progress elsewhere has been almost nonexistent. A proposal .

a number of practlcal engineering

[}

O
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to build such a plant in Maine has been debated for years,

_but has not proven tobe economically feasible:” With a-

limited number of utés'sultable for tidal power generation,
and the huge investments necessary to build such facilities,
the concept does not seem to be competitive with other
energy sources. :

Bioconversion

Bioconversion implies converting organic materials to
fuels or directly to energy..

A familiar form ofgbioconversion involves the use of
wood a$ a fuel. In. this era of high fuel costs, more and
more people are choosing 10 supplernerit (or-even replace)
‘their home heaters with wood-burning fireplaces and stoves. .

- From' an industrial standpoirt, however, trees currently’
.-ﬂ"have a hxgher value as a raw material for products than-

“as a fuel. New techniques are. making possible the use. of
more and more of the forest-products as a raw material
for items such as chipboard and particle board. Thus wastes
which dvquld previously have been used as fuel by the
forestry - industry are now- being tumed into products.

Researchers are continuing to study methods of using wood

as a fuel on a wide scale. Methods being studied include
diréct burning of wood, and using wood as a source of
gaseous or liquid fuels or as a raw material for organic
chemicals. Proposals exist for" energy plantations " to grow

-

_ short rotation. tree crops or other plants to be used as fuel.

PYROLYSIS OF SQLID WAST E

'I'hls process involves bummg of solid waste in an
oxygen-free atmosphere ‘to produce oil and gaseous
products. Such wastes. could include manure, garbage,
paper, logging residue, some industrial waste, and sewage.

A major difficulty with this method is that the waste
material tends to be scattered in small amourits at various
sites, and it would ‘be enormously expensxve to gather itata
location where it could be burned.

WHERE DO WE GO FROM HERE? |

’

Today s energyg%)urces came into wide use because
they were_ relatively cheap, abundant, and efficient. The
attractiveness of any of these a.ltemate gnergy- sources will
increase if the sources we are now ‘using continue . to
become expensive and scarce. It seems th#t no promising
source of energy, however unconventional it may "be,
should be neglected by a nation and a world that is so
" dependent on a-supply of energy and so unsure of the
length of time that supply will last.

Activity V-1 : ' .
Oi)jectiile : - '

_ ~The students will demonstrate the most efficient
means of trapping solar energy. -

What to do? .

" and green colored paper, aluminum foil s

> a
. R o
- ) } L F

*Materials needed: 6 test tubes with-one-hole stoppers .

to fit, 6 thermometers-sheets of black, blue, red, white,

r- -

Fxll ‘each test tube with water, stopper, and msert the
thermometer into the hole in the stopper. Behmdfeach test
tube, place one of the sheets of colored papé and the
aluminum foil. Place the test tubes in direct. sun]fght.

Record the initial water temperature.” After five

mmutes of sunlight exposure, read the temperature of the - - '
water again ‘and record. Repeat this proceduré .for’ 30

.minutes. What can-be said about the color background and
temperature change? -
Repeat the experiment, this time wrappmg each tube

‘ completely in the colored paper. Are there any differences

observable, from the first st of data? Explain any such

dlfferem:es,
‘Can you see any application of this expenment to the
use of solar energy in the home? Explain.

Activity V-2

Ob]ectlve

~ The student w11] demonstrate how sunhght can .

produce high temperatures and will build a solar reflector.

“What to do? - ' -

‘Materials . needed: Magmfymg. glass, thermometer,

flashlight reflector, different kinds of materials (such as -

wood, paper,cloth), old umbrella aluminum foil, beaker .
N L Using the magnifying glass, direct the sun’s rays
< op different materials and observe what
happens. (CAUTION: do not start a fire in the
classroom!) ®
2. Put a thermometer through the \ﬁole in 2
flashlight _reflector.. Place the bulb of the
thermometer so that the sun’s rays are focused
on it. Observe what happens to the
thermometer readings over a period of time.
"~ Record your findings on a chart.
3.- Line the umbrelfa with foil (Open the umbrella
and line the inside.) Focus the sun’s rays with®
.the umbre
thermometer in the
tempexature of the water.
Ask:* How hot does the water get in the
temperature  does

v

beaker, record ’the

What would happen at night?” What about

bﬁr” ™ What the
thefnometer record in the flashlight reflector?”

4

‘on the beaker of water. Using a .

cloudy days? Gujde the students imto a

- discussion on_the potential use of solar energy
to produce steam to run turbines, to heat
homes, and to cook food. - :

e

From West V1rguua Energy Actwmes
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Activity V-3 R
Objective:

' The students will tllustrate Wincr e"ne'rgy ‘d how it.is/ ,
What to do" .’ .‘;\ Y-

T v -,
" hd .. N

Have the students "draw as many ways as they can

: &unk qf for using the energy of the wind. Urge them to be
" creative and not ]us't stick to convemtional things like -
. sailboats and wmdmrlls : _

. wind-driven vehicles..

 What to do"

_Objfective:’ | S _ T

;o

Activity V4

The students will make worldng models of f.

’

Matcnals needed: Trn cans, blocks of wood. sails of
cloth or plastrc wheels, miscellaneous hardware

Divide the class into groups and have them make

- models of wind-driven vehicles. (Point out that uriversities

are doing similar studies.) Détermine which vehicle is the
best at the-conclusion of the activity and have the students

try to figure out why. -

>

From West Virginia Energy Activities , s
Ny
N

L 180

‘ ‘," ijectlve

Nattodo?. : ”

Activity Vs LT,
Ob]ectlve : ;

The students mll recogmze the basic techn010gy of

'"_SUlar ¢oleGtion-and of the solar'cell and will be able to see

the benefits of thcse energy sources R

,'A

What to do”

Have the studen‘ts complete the items Energy from .
the Sun” which follows. Hold a class chscusszon based on
the mformatron in this actmty

Actmty y6 - ;j_.‘-'v'-'j IR

Students will d15cover some of the. beneﬁ and

problems-of eight new energy resources.

Ask students to read the- information in the activity
“Problems/Solutions” - which offers a quick summary of
several_new energy .sources. To complete the items on the,

 page after next, they will-need to refér to thxs information

and to other sources.

Aftexcstudents’ finish ﬁllmg in the. blanks and after
you have discyssed_their answers, you might want to find
the energy sources with the fewest problems and most
benefits. But remember that numbers of problems or
numbers of benefits are not conclusive. One”problem might
be so severe that"it outweighs all the’ben%ﬁts. Ask students
which sources of energy seem more likely to work than
others. Which might fill our ‘energy requirements of the
future? Point out that our energy needs may be ultimately”

‘filled not by a single source, but by a combination of many.



Activity V-5

Energy from the Sun (Part 1)

There are sevpral ways to use solar (sun) en gy “One wayis for each house, ?!partment or . \ i

- _ofﬁcebunldmgtpcollectenwgh solarenergyt take care of itsown hgating, alrcond’nonmg, S , -'
- .and.water heating, but not its’ electric power. Another is.to build hu®€ solar farms to.colle ) S
.wsolarenerg.y turn it into heat and then t¢ electricity that will be sent to individual dwellings. R
one-square mile farm of many of. thes ‘collectors could supply electncuty for about 20,000, -
. houses.
- soum cou.ecron ON' . SR T
'ROOF OF HOUSE O o -
R : A . “wsolarcollectors F
e e l’/.-f-i I N S o
- Glass plate to keep y / S
. heat from escaping ]
on cold wmdy day@ ' ¥ 3 /
N\
1 -
CROSS = = . )
SECTION ‘ _ : = = EJ ] -
pipes containing — = =M 8
circulating ]
water . B3
roof Iin‘e/ ‘:;'. e . _ .
: %2 . " H hot water - -
Al storage in '
H ’ basement
° 3.1 |
1. What parts of the U.S. wguld be able to use ° 4. Will the heat from roof collectors be used to
solar-heat without a conventional back-up fur--- generate electlclty’? :
nace? '
'5. Could the heat from n solar f&rm collectors be -
] used to generate: electncnty’?
2. Whatside of the roof should theco!lectors be . — -
mounted on? . . S o R R o
_ o ) 6. The U.S. Energy Research-and Development..
A R _ - . - Administration foresees asmuch as 25 percentof
© 3."Why is the inside of some types of collectors " our energy needs filled py solar technologies by
lined with mirrors? -~ o * - the year 2020. Why will it take so long? '
. . R v‘ - . ' -, . & i . . . Lowt TN .. o
) T e " = - R ' N - — - =
- \_: 'QC
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S . eies /BDact 2\ . " Activity V-5 .
. . Energy from the Sun (Part2) -

' SOLAR CELL . :

# his device converisunlight T e .

!~ This device convertS'sunlight aﬂray of-thin silicon cells - o ’

Co directly-into electricity, with no 10/1000 in. thick = =~ . ~ ! :

.-, ‘moving parts and no pollution. ' i e T .

o \5 | ‘\ .\:;\‘ .

‘wiresleadto =~ . e LT )
‘electrical batteries e T

which power lights ~ L T
and motor-driven '
appliances.

- 1. Solarcell systems’are now used to power spaceships and —— e
- . . \-\ N ‘ ﬂ.v ) - | . v.". | - ‘.». ".:", ‘g ‘
2.” We probably will n@xer run out of silicone.as a resource because it is the second most plentiful !
~ substance on earth. Dd—‘gou know its more common name?. — —

-

'\
C

3. If it now costs $20 a watt to generate electricity by means of sotar cells, how much would you
have to’spend on equipment to power just the 100 watt light bulbs in your house? ——_ -

s

s

4. What do we need to do before we can use solar-cells as an energy source?

.

5. How can elgtricity be stored to use later?

N Wl
e’
' ¥

THE ADVANTAGES ARD THE DISADVANTAGES OF SOLAR ENERGY

o

DISADVANTAGES ADVANTAGES - - |

" 1. Expensive to install” o - (See if you can Sypply the advantages. WHatis -

2. Requires a great deal of space < dood about solar gnergy in regard to each ofthe
hine following?) L o

. 3. The sun doesn't alwaysBhine - . | fotlow _
T ’/ﬁ)ﬂould mean modification'of housinginmany 'y supply. ._ = - '

ycases ' . o ‘ 3

5.\@” laws would be needed concerning con- A - : : ,
: -. ' ' ’ - - . . /' o : .i: .' : _. 4 ..

T R § Emparg/des.' : - : Do

e _ s __Cos_g/ L \

Ot . e
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' Energy from the Sun Paidy

SOLAR CELL - N
“ This device coriverts sunlight

" moving parts and-no poll

A Wi

R VAT

-

directly into electricity, with no.
lﬁon;
. N N

"

1. ‘Solar cell systems are now used to power spa

2

© Activity V5

RS P

fl ? : " . ;o
L ’:'-A- \_'- j. »

. an, array of thin Siliico’fc‘ells : R
.7/(10/1000”1 t_hiCk K _ o ) = Lot

wires lead to T L e
‘elecwgjcal batteries - - T~ o
whichgower lights. = .~ - 0 T
-and motor-driven - . Lol
appliances. ‘ e

ceships and

2. ‘We probably will never run out of_siliconé‘as aresource because it is the seco'fmd most plentiful
substance on earth. Do you know its more common name? 2 : S

!

37 If it now costs $20 a watt to generate electricity by means of solar celis, how much would you

~ have. to spend on equip;n;gnt to power just the 100 watt Jight bulbs in your-house?
: - oA Melbe X /00 S

U : ) .\ i . e

- ~-

4, What do v_v,e" need to do before we can use so

s

9 e . . o v
ar cells.as an energy source? _ .

-y 4 e /mz ‘

A g

-

.Iy

5. How can electricity be stored to use later?

v

THE ADVANTAGES AND THE DISADVANTAGES OF SOLAR ENERGY - - -,

DISADVANTAGES

pensive to install =
Reggiires a great deal{of space

‘The stn doesn't always shine . , .
Would mean-modification of housing in many
New laws would be needed concerning-con-

- struction that might cast shadows

x
v

‘3. ErﬁEargoéé.
oLL
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“ADVANTAGES = .. SR
ASee if you-can supply fhé advantages. What is
good about solar energy in regard toeach of the
following?) ' Coea : : .
1.” Supply: He croniv enensae - .
/mnz s o N '.'/.'W:- .Y : . '
2. Pollution. __Jo! v enee-r 1o plear;
e TP - L AUNTIETID
[ ~ L %4

arwﬂuoef%pm—&"t

-,G;Mw.). v T

-~

v

4 Cost.

-
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~ Energy from 'thfsu'n (Part1)

. There are several ways to use solat(sun) energy. One way. is for eachﬁzo,use. apartment or
. " officebuilding to collect apough sola}\energy t6 take care of itsown heating, air conditioning,
and water heating, but not its electric'power. Another is to build huge solar farms to collect

-

-solar energy, turn it into heat and then to ele:ét ricity that will be sent to individual dwellings. A -
~“one-square file {arm of many of these-collectors could supply electricity for'about 20,000

Activity V-5

© 7 houses. ) X N
. .-SOLAR COLLECTOR ON
Glass plate to-keep . Ny -
heat from escaping NN ,
.~ - on cold windy days : o ‘
. }! . 1 _ ’
PR ~ pipes.containing .-. - = =Lt ol " -
Lot _-,eirculating ' z i ; o
. o - -water , T i -
rDOf Iiﬁe/ . -~ o_'a’_'o._ "a-. » . R
' —5 2,2 . H| -- hot water -
R - P T : storage.in
H basement - ™
< ) 3. , '
oo )

1: What parts of the U:S. would be able to use 4._‘Wi|l\the heé,t from roof callectors be used to
solar heat without a conventional back-up fur- generate electicity? '

-nace? [+ ... . . . ‘ 720

‘ - - - 5..Coulid the heat from solar farm coilectors be . = -

S . ) “ used to generate electricity? . . <
© 2. Whatside of the roof should the collectors be - "7,,460 e ' ;
mounted on? . " N s o R
: Fhe couh aeder - 3: The U.S. Energy Research and Development: ~ -
Fe . - o ' . Administratic»n’foresege_s'asmuch as25percentof
. 3. Why istthe inside of some types of %ollectq,r_s-_ - . our energy needs filled by solar technologies by
lined.with mirtors? =~ = A L - the yearQO_ZO. Why will it take so long? - _
. * .' @ - ..-. EN | ° - - o | ‘ . R . -
- ‘ . - ‘184 - .
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Othet New Energy Resources © T aawiyve

' .

Besndes nuclear and solar energy, there areseverat other possmtlmes for the futurg. Read

4

** and solution

- about somefpof these new _energy. sources on this page: Problenfg and solutionsiare as- -
sociated wit4 each ojthem On the next page you wnll decide what some of these problems
are. : _

WIND. Wind is actually' a
. form of solar énergy since it
iscaused by vanations in the
temperature ‘of the air
‘heated by the sun that
causes air to move. Sailors .
used this energy for ages. -
For many years farms have used windmills -
to generate-electricity.- Maybe diant .
windmills will sorieday be able to prov:de

- electricity for entire towns. The major dif-

ficuities are that thq wind doesn't blow all
the time and-that practical storage systems

. are stlll bemg ‘developed.-

nter is a molten mass. Ini
ome.gdreas this mass is
lose tp the surface. Some
‘evidence of this are vdl-
nos. geysers, and hot
gs. This heat can be ,
ed and used to gemer-

i

ngthe atmosphere The problem.is.that this

! energy tan now be tapped only where it is

near the surface Scuentlsts aresearching

v energy. can be reached, but they don t have
all the answers yet }

 PYROLYSIS OF SOLID £
'WASTE. Itis posgibletoheat: .
waste in an oxygen-free-at-

P . mosphere and produce oil -

and gaseous products. This

. ‘Waste iswhat we're now hav-

’ mg trouble removmg from o irenvironment:,

ge; paper, lo3ging residue,

scattered]in small amounts at various sites.

' The problem is one of gathering it together 2

ata reasonablecost. '

—

GEOTHERMAL. The earth's - -

- . i [
AR .- COAL GASIFICATION. By
=< . using high temperature and
S . - pressure, coal can be con-
.verted into a gas very much
like natural gas. Building -

. /"\ these conversionplants -
e r coal flelds can solvé the problemof~ - "

transporﬁng bulky fuel that gives off pollut-
“.ants'when it is burned. When coal gas is-

-

causing virtually no air polLutlon. The.usual ' . -
pollution prablems accur in the' coal mining °
-~ process, however,; as.they always have. The -
' ’_conversnon process.itself, however uses e .
large amounts of etectrical energy.. © ¥ .7

B VA o

~e .0 v Y
COAL LIQUEFACTION. Al- -
thoughthetechnology ishot
compietely developed,coal . -
can be converted to an oil-
- like liquid. It has the advan-
) . tage over coal gas of being
’ usable to make all the usual -
oil products, including a kind- of gasolme

to run -our cars. \
. RN ~ [

~ OIL SHALE. Qil shale is a
- rock containing a material
7% thatyields oil when it is
" crushed and heated. One
ton of rock will produce Y
- about 25 gallons of oil. Most
oit shale deposits are.in the
‘ . West. The rock must _
be mlned either by deep mining or surface '
minjng. Extrék:ting the oil takes la
amounts of witer — three barrelsto kvery
one barrel'of oil processed. One -of the big
roblems is the:disposal of the spent rock
-“after the oil is extracted. Vegetation will not
grow on the used shale without a moderate
amount of rain — s&rce in many parts of the -
West. Without vegetation, sonfe animals ‘
- may lose their homes and natural food sup-
ply. Rain water passing through this rock
. will- possibly pick up pollutants and carry"
"them to larger bodies of water.if there is no
®egetation. In addition, oil shale procassmg
cy'utnbutes to_ alr pol!ut:on ..

1%5484, 189 @

¢
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“burned, it burns as cleanly as natural gas, ., .



Problems/Solutions s

in-this unit, you have ledrned about eight new.energy resources. The use of any one of these resources may help to supply our energy
requirements but may’ at the same time present us with new problems to consider. In the lefthand column of this page are some of
these issues—some are problems, some are solutions. Mark each statememt S {for saurce column on the right to which a statement -
applies. The first one is done for you. ' : : ’ »

[P

P o o SOLAR WIND GEo- | ‘COAL | COAL | . ol { bvRoL I
D _ : : . THERMAL | _ GASI- LIQUI- | SHALE YSIS
- % IF THIS ENERGY SOURCE - | My FICATION | FACTION | . | - -
. ISUSED,IT...5 . {:@} @ LA ==
e o W[5 I
WOULD HELP SOLVE R . IR
s THE PROBLEMOF SOLID | Lo VAN AN A AT
' WASTE DISPOSAL. . |. M | L g
. COULD POLLUTE WA- | 2N B .
TER c » ‘ L ) 1 , . . N
WOULD conse’nveﬂe | .
. 'DWINDLING RESERVES |~ - [+ ' S R 1
, OF FOSSIL FUELS. , - | o |
) - . = - . td
- 7 COULD DAMAGE - ‘ : N IEEE | -
, WILDLIEE OR THEIR" - - I -_
HABITAT. o T 1 Je
il ' ‘ : AL
WOULD BE DIFFICULT ~ |- S T . |

~ TO STORE-AND TRANS- | ..
“PORT. - ‘ |

WOULD NOT POLLUTE SRREE EECURE R I I SR R o
THE ATMOSPHERE. . B E : A I.. +

WOULD DISRUPT THE. | - N T I
NATURAL USE OF LAN ‘ -l N R g0 Jd A
SURFACES. S N S I e T T

o 4 WOULD NOT BEABLETO
v "SUPPLY ENERGY ALL A -
- . THETIME. | E : TR
\ - " = - - - . . -~
: WOULD HAVE TO WAIT , R T . I ;
" UNTIL THE TECHNOL- K . D o
OGY IS'DEVELOPED. o o s S | L

WOULD USE LOTS OF N S R I
WATER TO PROCESS. |~/ _ | B

WILLDECREASETHE ~| . 4 1 =~ '} - | O Ll
NEEDFOROILIMPORTS: | . . | | . B PSR S IR

WILL MAKE LARGE ‘ - N Y S .
© . AMOUNTS OF WASTE | N S N
' MATERIAL. - 1 < Bt I T

WILL MAKE USEOF THIS |. - | R I T S ot I e N
‘COUNTRY'S MOST - I Y - sl -

' _ABUNDANTFOSSIL - - |~ | = | I N ¥

T FUEL. . : . . : . A -

P . . . . — . v D 3 ;_,,.v;“ /__., ~ -
ERIC 70wy 15 T T o
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Problems/Solutions | | D Activity Ve
" In this unit, you have learned about eight hew energy resources. The use of any one of these resources may’help.to supply our energy
* requirements. but may at the same time present us with ‘new problems o consider. In the lefthand column of this page are some of
these issues—some are problems, some are solutions. Maﬂ(‘each statement S (fdér source column on the right to which a statement -

- applies. The first one is done for you. - . S s

N >
S T - ' SOLAR | NUCLEAR WIND GEO- COAL COAL OiL -] PYROL
. DY THEBMAL|[ GASE | - LiQui-- |, SHALE YSIS

. IF THIS ENERGY SOURCE g | FeATon | eacton | -
IS USED, IT . .. c@ @ Y _
. . V] A\ ) . | ’ LI |

.
.

I ol

WOULD HELP SOLVE ] 7 -

THEPROBLEMOFsOLD | W | | o

 WASTE DISPOSAL.

S

v
r

. COULD POLLUTE WA

GOULD POLLUTE Wi Y v/ | Y

" WOLFLLD CONSERVE THE : : .
| DWINDLING RESERVES | : ,
<v__S _ OF FOSSIL FUELS. . - |- 2 B R

'COULD DAMAGE - - ] |
- _WILDLIFE OR THEIR R |
- HABITAT .- h - v -
WOULD BE DIFFICULT- *| . | . ~ ) S
o TO STORE AND TRANS- - S R
SRS ‘P, PORT. - | v’ _ v’ ' .
' \WOULD NOT POLLUTE '} - R , ’ .
__S. : THE ATMOSP}ERE. v bV v
... WOULD DISRUPT THE R I B R - 2N I :
D NATURALUSEOFLAND | "+ ./ ' v’ vV v -
SURFACES. = - 1 v B { Y 1 -
- .. . WOULDNOTBEABLETO I ' | . R R g
B SUPPLY ENERGY ALL / - S .
an P THE TIVE. - - v S Vil - .
R ( WOULD HAVE TO WAIT o . R
UNTIL THE TECHNOL- ‘ S I 5 » R
- __P " OGY I DEVELOPED. |, Vo - vill VLV VL
- N - . _ Ah — . ." . - - . . - . v - E o \ -
—~  WOULD USE LOTS OF o R D B A B _
. _;P_ WATER TO PROCESS. - S U N v

. 'WILLDECREASETRE ~§ : _ | = = T ]
__ 5~ " neeororoiLimeorts.] V| v v V| T Vv

- wWILLMAKELARGE | Ll ‘ I P 3
5 AMOUNTS OF WASTE. - | , SR R i VR
. MATERIAL. -~ . ST T L

WILLMAKEUSEOFTHIS |~ . | N -4 - .
: COUNTRY'S MOST ~ SRR | G SR PO ) -
g ABUNDANT FOSSIL -~ - . IRV AR | - 1.
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How can we s individwals conserve energy? kt would
seem that the best place to start would be those areas where
we use the most energy; and for the avergge persom, these
areas are autdmobile travel and home heating and cooling.

\

AUTOMOBILE TRAVEL -

Americans own over .100 million “cars, so it should

about 14 per cent qf all the energy-and abdut 31 per cent
of all the petroleum used in_the United States. Much of
the gasoline we consume is wasted by poor driving habits,
poor car mainterance, and poor planning. -

- Excessive speed is a fuel waster — gas mileage is about
21 per cent better at the speed limit.of 55 mph than it
is at 70 mph! .

Learn to drive smoothly, ant1c1pat1ng changes and '
avoiding sudden stops and. starts, which waste energy.

. Don’t-warm up the engihe more than a minute on "
cold days - simply drive slowly for the first quarter mile
or so. Also, if the car is stopped for more than a minute,
tum Off the engine. It takes less gas to restart the car than
it s 1o Iet it idle for more than a minute. -

Use aur conditioning o when you are really -
uncomfortable - it decreases fu%"economy by about 10
per cent.

Do not carry anything in the trunk except what you-
really need. The extra weight takes extra gas. -

Plan your driving to use less gasoline. Carpool if you -

“can, consolidate many errands into qne trip, plan the most
efficient route, avoid rush hour, traffic when possible, walk
when possible!
. Keep your car properly tuned, and keep the tires’
progerly inflated and ‘balanced for more efficient fuel use.
Strongly consider fuel economy when buying a new
automoblle c. : . : / :
'"HOME HEATING AND COOLING L
More, than half of the e;1ergy we use in our homes
goes into heatmg and cooling. There are several ways to
save energy in these .areas.
» ~Wise use of the thermostat is one such way. Dunno

" not be surprising to realize that passenger cars consume _

the winter, a maximum daytime temperature of 65 degrees «

Fahrenheit has been recommended, with fower nighttime
séttings. During the summer, use. air<onditioning only
when absolutely necessary, and set the thermostat no"lower
than 78 degrees Fahrenheit. If you plan to be away from
home for long penods tumn off air conditioners in the
<summer, and .decrease-thermostat~ settings.irr winter. Make
«sure your thermosthr is, properly adjusted and cleaned.

Whenever possible, tum off or lower the/amount of heated -

or cooled air going to unused rooms.

Another important way to save energy in home :

heating and cooling is by using adequate insulation to
reduce the leakage of heat into or ‘out of the house. The

.

area of greatest heat loss or gain generally is the roof. -

Fortunately, this is also usually ‘an easy area in which to.
install insulation. The.effectiveness of insulation is given -

by its R value, which indicates its residance {o the passage
of heat. The higher the R value, the greater this resistance.

™ . .
. .
h . . .
A -
..

7 ‘ s . -
At least 6 inches 'of R-30
attic_floors, while R-I3 insulation, is_ recommended for

: extenor side walls "and floors oYer unheated arkas. Adequate

insulation will quickly pay for itself and thereafter retum
a-substantial savings in heating and cooling costs."

Otlier ways “to plug energy leaks-include weather
stripping and caulkmg around windows and doors and use
of &EK doors and windows.

In‘many areas of the country, it is possible for fans
to be used in the summer instead of refrigerafed air
conditioging, at a 90 iper cent savings of energy.

High humidity, he|ps our bodies feel”warmer. Thus a
humidifier may save money in the long run by allowing-
lower thermostat settings in winter with no.decrease in
comfort. A pan of water placed near a heating outlet, will

. help to put’moisture into ‘the air if no humidifier is

cavailable. House plants also give offmoistire. It may also

°be, possible to vent your “electric clothes dryer inside the

house in winter, adding warm moist air. Conversely, the

vdryer should be vented to tife outside in the :ummer, and

“moisture-producing activities such as mopping floors should
be scheduled for cooler times - -of the day.
Proper maintenance of heating and cooling equipment

_ means better efficiency and furel savings. Keep all “of the

equipment clean and free from dust. Check air filters about
once # month, and clean .or replace when they are’covered -

" with dust or lint. Have your entire heating system cleaned,

checked, and adjusted by 3 professional once a year. If

-your. heafing or cooling system includes ductwork, check

closely for air leaks and repaif' them with duct tape.
Ductwork that is exposed to outside or attic air should
be insulated. '

- In con51der1ng the purchase of an air conditioner, you ’

. must consider its cooling capac1ty which is the number

of BTU’s of heat it can remove from the air-in one hour.

- But you should also consider its energy efficiency ratio,

which is the number of BTU’s of. heat that one watt “of
electricity ‘will remove fromethe air in_one hour. The EER

will be a number rangmg “from about 4 to°12, and will

be displayed on the air conditioner. The ]‘ugher the EER
the more efficient the air conditioner. .
Lined or insulated drapes, prope_rly used, can cut
‘heatiggg and cooling loads. On sunny winter days, the drapes
on the sunpy side of the house should be open to permit-
warming by the sun.- Otherwise, drapes. should remain ,

closed in winter to cut down heat loss through the window.

glass. On summer- days, use the drapes to block ‘the sun.

. In a weather pattern of cool nights and hot days.open
windows at night to cool the house, and close wmdows
and +drapes in the morning to retain the cool air. I other
words, use natural means of keeping comfortable whenever
possible. ey

Y
N

OTHER ENERGY SAVING TIPS

Heatmg water 'is the second.largest single energy' '

consuming task’ in the home. Set the water heater

thermostat as low as possible — about 140 degrees -

Fahrenheit if you have an automatic dlshwasher lower if
you do not.

s

}sulau’on is' recommended for

b3



2e

o

Think of ways you might be able ib use less hot water
- showering instead of bathing, stopping drxppxng faucets,

- doing laundry” m cold watgr, avoiding letting water run -

e,
-

Al
PR

-unnecessarily. .

+ If you arc/urchasmg @ new water heater, buy only

. \ : X
hqusehold appliances,
energy. . .

One other conservatxon tip concerns not so much the
amount of energy we consume, but the time of *day .we

;.; consume it. We stated in-Module III that electricity cannot

the size you need. A tank- that is too large for‘your needs -

wastes energy by making unnecessary amounts of hot
water: Choose one that is efficient and well-dnsulated. Try
to minimize heat’ loss m water pipes by locating the water
heater nearest the points of maximum hot water use. Use
the smallest diameter. of hot water pipes, and insulate themi
Refrigerators and. freezers are the home’s third largest
energy users. ‘One important enérgy conservation tip for
thesg appliances-is- to-open them: asinfrequéntly as possible
and .for as short a tim¢ as. possible to reduce the loss of’
cold ‘air.’ Keep the controls at'a setting that maihtains .2
refrigerator ‘temperature of 37 degrees Fahrenheit to 40
degrees Fahrenheit, and a freezer temperature of 0 degrees
Fahrenheit. Locate -refrigerators and freezers away from-
sobrces of heat and direct sunlxght ‘and make sure there is

‘room for air circulation!if specified in.the operating

instructions. Also keep- condenser. coils and front grills
clean. Defrost before frost bec mes 1/4 inch thick. Buy’
a new, refrigerator or freezer wifh an eye toward energy -
effcxency and agam buy the smallest size that fits your
needs. -’

Save energy when cooking food by matchmg‘ pah size -

. tp' burner size; and ysing covered pans when possible. Never
try to-use a stovg as a source of kitchen heat — it is

inefficient and dangerdus as- well. Use small appliances
whenever possible, such as electrxc,,,fry-pans or toaster

ovens. These generally use less energy than the stove itself.
A pressure cooker is a great energy saver, as ks a, ml%rowave
“oven.- Qven cooking is generally more economxcal than

»

surfacerookirg. Avoid opening the oven door except when \\‘

neces afy to minimize heat loss.
-~ An automat):/ dishwasher need not be con,;xdered an

. energy extravagance, since washing and, rinsing dishes in

' “hqt water by hand three times a day. probably takes more
. energy than doing one load per day in a dishwasher. But

do wait until the dishwasher is “full'to use it. Whenever
possible, open the door of the dishwasher when it-reaches

the:drying cycle and let the dxshes\hr dry. This$ can redace *

Y

energy consumptionby 1/3 to 1/2%
\ In the laundry, wash only full loads, but do not

~ overload. Use as-little hot water as possible. Do not overdry:,.*
- articlesin the dryer — it_causes wrinkles a5 well as wasting, -

electricity, Keep the dryer s lint filter clean. Rediscover the -
old-fashioned clothes line when its use is practical for you
“MOnly about SAper cent. of. our electric bill goes for -
hghtxng, so it does not pay to stumble in the dark or strain
,”t of course it does not pay. to be wasteful
1+3€°fot true that'it is better to leave.a light bufning
than ‘to turn it "off- and on several: times.”, We do save
électricity by turning ofﬁlrghts when we leave 1 room, even

if we are coming right back. It is a good habit to ingrain. .

in our families to turn out the lights when theyleave a
room. Fluorescent lighting is more economical than more
common incandescent bulbs, and should be considered
where their use is practrcal

7 Use common sense to” conserve energy with. others

#8

~,

-

¢
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be stored in any- larﬂc quantities, but must be generated
when needed. There are certain peak periods when a utility
‘may not have enough generating equipment to meet the
-electrical demand. This i especially true in very hot or
very cold periods. When it is conveniént:for us to do so,
we should try. to schedule our use of electrical appliances
‘when the demand for-power is lower in our area. We should
especially avoid excessive use of ¢lectricity between 5 and

- 8 pm: in the winter and.1 and 6 p.m."in the summer.

and thus save money as well as

—What we really must learn to do is to stop ¥nd think .

.about our use of energy”"We  can no longer afford to use
it as if it ‘were limitless. If we’ do use care, wé can cut

. energy use without seridusly lowering our standard of
living. It is something each of us néeds to-do m order’ to

. makcqa real unpact =7 -

‘A CONSE RVATION ETHIC

.- “ Energy Conservation Creed” (g’rom ERDAs Energy
Conservanon .in the Home) . .

I

l-pledge that [ will leam to partxcrp/ate automaf'cally

~-in all those conservation activities swhich have no

apparent disadvantages to myself and which require

. fninimal energy on my part. I further pledge that

although certain conservation activities may have

minor personal disadvantages, 1 will volunteer to

participate in them. And in the event that these

activities are not sufficient, I will tolerate those

»  activities which may producé serious disruptions in my

lifestyle.- I -ple}ge all this in the interest of future’ =

* generations.
s _ American society has in the past emphasized
materialism. We have become a congenience or disposable
-society. Todays energy- situation ' necessitates the

development of a conservation ethic, such as the one given

-

» above. This can-be done only by awakeniflg in students

" a moral sense that our .greed and waste has been wrong,
m.and by encouraging changes in the buymg habits of our

young _people.

~ 7 A prime“example of our fack .ohuch a conservation
ethnic can be seen in our fGod. The production, processing,
tragsporting, and distribation of food in this country
co¥sumes over 8,600 trillion BTU’s each year, about 13
per cent of the U.S. energy consumption. Of the total’

. energy consumed in this sector, 24 per-cent is used for

fossil fuels, eléctricity and fertilizer to grow the food ‘on

- the farm; 38 per. cent is uséd in paper, packaging; food

<
-~

- processmg‘ and transportation; and 37 ‘per <Tent in
refrxgeratron and cooking. Today, ten times as much efiergy
, l« s consumed by food system than is contained in the food
produced: In other words, by the time thé food reaches

* your table. 10 calories of energy have beén.éxpended for

“each 1 calorie of food eaten. The energy used to feed beef
<cattle on feed lots to feed us is,an example-of this energy

194 . -, T ) /
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intensiveness of our food producing process. Protcm in our

diets could'be obtamcd by. less energy intensive methods
The:e_xs/a major waste of energy in food packagi

) ln the "American supcr?harkct every vegetable is wrgf)ped

in plastic and’ dlsplayed in boxes. Every supermarket plgstic

\

' bag :‘:ﬁds 171 BTUs to the total cnergy expended_to -

BN produce the product. Our fast. food chains provide meals

-, 3‘ Swrapped and boxed in an extrerdely wasteful fashion. The
Wl most energy intensive food iterfis are foods and drinks in

. throw-away aluminum cans, plastic bottles, TV dinners,

_ frozen foods, and aerdsol cans. EPA/ estimates that if 90

. per ceni of the consumers bought returnable beverage.
’ contamers for example; the equwalent of 92,000 barrels
.~ of dil a¥day would be saved.
We sot’ely ‘need to make curselves and our students
aware of ‘these issues, so wg can make informed decisions
in the marketplace;, /«

/
/ -
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-Activity VI-1
Ol;jective:' o . Lo .-
¢ : vl §

The students W111 leam how dtfferent countries use

- and conserve energy

\ . / Ce 2 C™ L
. Whak to_ d? S e
Y - o ) .
= _ Divide the’jc{g:é into four or five groups.. Assigﬁ\each
\ group a country sy investigate, The groups will find _
how, their counpfy usesenergy. Conclusions can be rep ed

y /Reporting can be ~done. in various ways —
rﬂ./s, tape recordings for hstemng centers, drama

‘ . productxon/etc Try to id nufy upique methods of using - '

Jor conservmg energy. ple, the” Netherland uses

¢ “Witkars™, cars which run on battenes and do not use
; gasoline - . : .
. L A A
S tiviey VI-2 T
PR Ac ;ty - .
4 L / N
- Objective: v
::'J:,v - .i'_// W - ’ - ! £ .
! » -/ The 5tudent_s\wﬂl recognize other peolple’s points of
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view concermng ‘the energy shortage 2 I

What to do" ) . ' ' .

,1. Family Roles - T{e/students may divide into érdups _ .
to roleplay famlly situations which require reaching E

decisiogs based on energy conservation. For example:

Should thé family go on vacation gg buy a new car? ‘
. Should the child go to campror bina 10-speedr/bd("", R

Should Mr. Jones buy his wife a dxshwasher 0 dryer

for her birthday?

How can the family consétve energy?’
How can the family eliminate unnecessary car trips? -,
Community Roles — Select a.community-problem or v

" % - possible problem such as gasoline shortage, a rise in v,
S/ electrical rates; a coal miners or truckers strike,
or rationing of heating oil. Problem-solving situatiofis = ¥
may also be\proposed such as setting up a gas
rationing system, eliminating pollution problems, or a.
wage-price’ freeze. Select students to play the * ~
following roles:
The owner of a truckmg company '
A government" officiat_ ' . T
A farmer . _ R 7
A businessman . .
. M . N L'
. ?'
. o~ ’ - ,g
‘s . V2 . ;
Activity VI3~ co ;
. - . . Lo
Objective: - . L
N . -V
Students will become fam:h:ir wnh 'some possible A
conservation methods. - : v
. v‘ , ) — v ;;)'/ e
What to do? - 2 : o o fig *
\ S l
Have students complete the activities.e entxt]ed “What \\i
Can You Do to Save Eaergy”™ and “It’s Everyone s Job.” ¢
They may want to work on the second one in Small groups.
3- - . ra ' .
™ 1 -
L 4
>
) ,\ \" s :\/
e ‘ N .
195 .
. S,
- . Vg
4 - v .
[95 -1 QL’ - . o



S T T
. '. ‘ . Actwltv Vl3 \i
I What Can YOU Do To Save Energy"

Part] : . 'Part2
S, L

w’

Ce Brendas mother lrrd Wayne's father each work ten miles away* Below are the Hazletons heating and air conditionin ills for
* from their homes. In a five-day week, each ‘uses five galbens of “two different years. In 1974, they had no insulation in tﬁerrhome /
s driving.to and from work. Wigae's father\drives alone. At the end of the vear they had some installed, so ¢he cost of
Brenda{s mothier is in a car-pool in: which she takes {our other 4 heating and air conditioning in their home went down. In thé ,
persons 1o work. .If each ‘of fer passengers drove, each would grapht below, place a dot for the cost of each month in 1974.
also use five ‘gallows of gas a tyeek Now that they car- pool how Then draw a line between the dofs. Do the Same thing for 1975.

" much gasoline does Brenda's mother belp save each week° in red.- Compare the Hazletons' savings with infulation.
C - How much did they save in- Januaty?
. each year! ‘ ' e How much for the enfire year, e .
, "‘ ? How could Wayne's Tohar help save energy” b - 1974 Rt E .
.) | ‘ i . . I ¢ - ! . January $35 ‘..-"\.' ------- '- ------- 525
Barleys are going away on vacation. They are, congened February 9§25, §20
- sbout burdlars and: want a light on in their house from 7:30 to March ggg """""" sfg
11 o'clock each evening, Can you suggest how they mrght do ‘ m" G gw
r . 9 S TR My S
a/ “ this wrthout.wastmh energy’ N : e C S5 s |
v —— : =y 40 0o $25 [
0 % August 85 .. L8200 - o
- N Selecting the _ tsrze{electnc hbht bulb carf help save energy. Segtenib'er. 820 s ... 815 o
*On the pagigtis listed the number of watts (the amount of - October-  S$15..0oiiiriiinnns 815 , vj
power needef. make the light bulb work), the lumens (the . - November $20.............. ) */
brightness oM’re bulb), and the number of hours thg bulb will December  $25....vvriiieinnenn §20 S
« last. With thisiformation how could you select the most efficient o
bull? . ,, W Sl
‘ — —— 3 IR EREP
r . ) * -h. ) . .
- John and his sister are coing to wash clothes. He wants t6 do 0 , .,
his three “shirts separately His sister wantstoodo them with her 25 s I 4
five blouses. Which wav hall conserve eneroy’ MK : e .
W ‘ %) 520 | i
: 7 ] Ay S8
" Jack has just come in the door after playm0 in the snow and c,; Y
feels "too warmi,_He wants to tum down the thermostat until L A & &
]he fez]ts lcon:f%rgatéleeﬁl-irss r{rvr}r]ther tehsnhrgeto lecaggsrc v:]lsr?ere Shv. B s"\ Q@‘ *‘S‘ 'Q‘ ﬂ Qv § S\ ",3 Oc? & Qé’ b
‘ B bt : 0 15 MO TEy-Comscio . 1 At what time(s) of the year rs there hehgh tutrhtv cost?

“Why? N
v 2 At what time(s) of the year is. there the greatest savmgs after
insulation’ e

‘v.‘ o : - ’, ‘ Ar ’ . v
Y g

' * b ) - Y fu , "ﬁ‘l
T B o, A » \ .t DA /

Why! S
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It's Everyone s Job'

t

A
* Activity VI3

Rea\e idea for conserving energy in the column headed Conservation M'.QOd

Then answer the questions in the spaces provided. s
o Whatlnergy | ,/  Does ltuse +How can we encourage -
, resources does ¥ atlon
Conservation ‘Whatsec’to.rof s save? , Poes ituse anergy more this conservatlo
Method soclety? (circle (write: natural gas 238°energy”? effcioRtly? measure? .
otho one or more) petrolle n 9as, (Yes or No) = . es or Noj (brainstorm as many,u
7o . o ' OU C.n *
\ or coal) ldeg‘uy )
ra ‘ ] ] S
| S8 . P
Flying passenger @ - ' ‘.
airyplagnes on[y “2msponahon .anUstrlal \: ' .
when they are - QE . ; ;
full ‘ s |
. commercial - resigential
Shipping freigh ::3@ % . : " \ ‘
Jraininstead o o ' . N
truck , e @T
‘ | “
A7 . . '\ . : ,
Al D ’ | .
Replacing incandes- :&éﬁ é% 1 :
cent light bulbs s A . }
- with fluorescent = NG
ghts TS o
: ] . )
Reducing heating | _ ‘é;" .;'_’:J]L x4 _ e
and cooling STy . L
wherespacels ST .
unoccupied J} i‘f}ﬁ . '
# L
\ /’
. éﬁ} = |
-Recycling. steel.| ."""}& :‘jl_.l‘ \ ‘ ,/
pape, ¢1ass,™ . . /
aluminy &@3 o N -
P 5 e . y
! _ _
o =y X . : \
Developing and &Q ‘
uging mass transit ' .
ystems, ﬁﬁ g
[ %
-~ , ' 2!_ ’
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) ‘ N \\ I i) Activity VI3 ‘
V' ' , _ ) ’

Read the idea for conserving energy in the column headed Conservation Methad.
( Ob! Then @nswer the questions in the spaces provided. ,

w It's Everyone's

—

L ‘ What energy How can we encourage

What sector of {;I’:"’:z:??d?” Doesituse | E::rsglytmo .thlscons;rvatlon
- soclety? (circle . loss energy? measure
o officlonty? . {brainstorm as many

| (wrile: natural gas, -
orect mare) g (Vs orNo . (Yes or No) idoas 8 you can)

Conservation
! Method .

- : petroleum-. . .
: or coal)

Flying passenger _
~airplanes onfy * “2esporiiion_jndustra

,when they are ol N ' N
e S

L

v o /
Shipping freight by
train instead of -
E : truck ‘/ ’
N L

il

\

Replacing incandes-

~gent lightebulbs
with fluorescent
lights

]
Q0
v
o
Q
<

Reducing heating
and cooling

‘where space is
un}ccupied

&
-

Recycling. steel,
papey, glass,
tlutnum

Developing and
+ using mass transit
systems




Y Objective:

Activity VI4 .

- Objective:-

The students and tl}eu parents will prepare a list of
ways to sa:c electricity in the home.

What to do?. i

Have the students discuss ways,to save electricity with
their parents, and then make a-list of specific things that
they -and their parents developn Ask them to try to
implement the suggestions in" their home.

Activity VI-5 ‘ - .

4

- v The students will compare energy use of several home
electncal devices.

.

) .
. What to do? ) ~ .

Fol]owing. is a chart of annual KWH use for each of .

several shome electricity consumers.

s

Room air conditioner

. 935
. Washer and. dryer - | . 1360
: \ Cooking appliances ‘ 1500
\33' Dishwasher ’ T 430
) Freezer : 1500 -
Lighting - ) 1000
ro- Refrigerator - D 1400
| Caolor TV . -~ , . , 525
T BEWTY . ' ~ 360
» Water-heater g 4000
"Electric heat . 13400
~ Misceilaneous - , 1205
Iy -g § -

| Judging from the above figures, in which area are the
greatest'savings possible? What are ways of saving in these
areas? Which areas are the easiest -and most convenient tp
cut back .on?- Which is most . important in energy
conservation — turning off lights or turning back the
thermostat in a house with electric heat? Turning off the

* TV or cutting down on the use of hot water? Cooking
- . or heating? Dishwasher or air conditioner? How can Jyou

belp peoplé to understand which are the top priority axeas
for conservmg energy"

- , o gL
: - <
Activity V1-6 :

Objective: ~
The students will compute the dollar savings involved -
in. energy conservanon

Q

A)verage KWH -

o | © 201

What to do?

Have students contact your local utility and ask for

. the cost per KWH in your arca. Assume that your home*

-uses the amount of electricity in Activity 5 above, and
that the rate per KWH stays the same. Compute the amount
of money your family wduld save if you cut 10.per.cent
off each of the uses above.

Activity V1.7
Objective:

Students will prcpare a poster on electrical encrgy
" conservation. .

What to do? . -

Have students prepare pesters which will be used te
encourage peqple to turn off 'lights. Have them write a
paragraph about ‘why they think their poster should be

/ awarded first prize in a poster contest. Have the class vote
for winners. Di-~'~-- all -posters prepared.

_ Activity VI8
Objective: . A
+ - Students will prepare a radio or TV §cript on electrical

energy consurpption._ '
What to do? |,

Have students create a one-minute radic =57 TV
commercial dealing with some aspect of elec:-ical ene:

- conservation .(or any other aspect of conservatic.m vou .y

choose). Have them present their commercials to the class.
Ask: How many people does your commercial have to

" reich to change school or community attitudes? Who does

your commercial have fo convince?

Activity VI9
Objective:

"Students will relate canservation to their ome clothes
dryer, refrigerator, and i:ghting. '
- &

What to do?

.Give students the instructions inat fcllqw.’ Have
them report their ﬁndirﬁs to the class.

L Does Yo\{r Clothe.s Dryer Waste Energy? -

Put a 107&! of wet clothes in the dryer. After 15
minutes, open’t he dryer door, wait for the-drum to’stop

s

202



‘turning. and feel the clothes. They will probably still be*

damp. Close the door and restart the dryer.

Do this again cvery five minutes until the clothes feel
dry to your touch. Look at the timei and sec how much
longer the dryer was set to run. If your dryer is electric,”
you can figure that every wasted minute burned up about
4/5 ounce of oil (or one ounce of coal) back at the power
company.
wasted minute burns about 1/10 cubic feet of gas.

Here are two other cnergy-saving tips, for dryers:

Make sure that the lint filter is cleaned out every time

the dryer is used.
Don't dry “half loads”

- fill up the machine before
using it. :

[I. Helping ‘Your Refrigerator Work Efﬁciontly

"¢ You will need a thermometer for this experiment that
will register as.low as 30 degrees. Put .your thermometer
inside the refrigerator, closc the door, and wait about 15

for the thermometer to reach the inside

?’unutcs
emperature. Open the door, and working as quickly as

you can, read the inside temperature. It will probably be
about 40 degrees Fahrenheit.

Then. unplug the refrigerator’s power cord from the
wall outlet. Make sure that no one opens the door for
exactly 15 minutes, Finally, open the door and take a
temperature reading.

Plug the refrigerator back in (xts motor will probablv
come on) and wait another 15 minutes with the
thermometer inside. Read the thermometer again, and
repeat the experiment — with one difference. Every five
minutes, open the door for about 30 seconds. Now when
you check the thermometer after 15 minutes, what do you
find?

What energy-saving .trp can you learn from this
experiment? Another energy-saving tip: Vacuum the coils
orr the bick of your refrigerator every three months or
so for more cfficient use of energy.

e

’
-

I . Checklist for. Energy-Efficient Lighting K

Walk through your home_with pencil and paper and
see if -your lights stack up' Tell your parents about your
findings.

1. Are bulbs and lampshades free of dust and dirt that
" block light transmission? Dirty bulbs-and shades waste
the light produced inside the bulbs, and you may turn

on two lights when only ope is needed.

2. Are lampshades translucent (so light can pass through
them) rather than solid? Why produce light’ and then.
block it with a solid lampshade?

3. Arc ceilings and walls light-colored so the'y reflect
more light? .

4. Are “non-critical” lighting levels in your home kept .

as low as possible? As a rule. qne watt of lighting
per square foot of floor area is enough for general
room and hallway lighting. Usewa yardstick or tape

- ~

ff your dryer runs on gas, figure that every

.202

measure to make measurements. Of course, some tasks
. such as reading. sewing, c¢tc. require more - light.

5.  Does everyone turn off lights when leaving a room?
It does not take a lot of energy to start a-light bulb,
so you are better off turning lights off when- they
are unnecessary, even if it is for a few’ secon%

"

-

Activity VI1:10

Objective:
The students will solve and evaluate math problems
pertaining to the conservation of gasoline.

What to do? . . «

Have the students solve and discuss the implications
of the following problems in relatron to the conservation
of gasolme

1. Mr. Burns had the tank of his car filled with gasoline
and noted that the odometer read 14593. The next
time he stopped for gasolinc it required 14 gallons
to fill the tank and the odometer read 14817. How
many miles did the car average per gallon of gasolme"

o Note: Some time may need to be spent. teach:ng.

students to compute miles/gallon.

If a man travels from New York to Cincinnati, a

distance of 660 miles, and his car averages 15 miles

per gallon of gasoline. how many gallons are Tequired

"to make the trip?” How many gallons would be

required if the car averaged 22 miles per gallon? What

would the cost be for each one, if gasoline were 55. 9

cents per gallon?

How far can a car go on a tankfull of gasoline if it

averages 14 miles per gallon? The tank holds 18

gallons. How much farther could it travel if instead

it averaged 22 mpg?

4.  Correct tire inflation can save the average driver up
to 50 gallons a year. If gasoline costs 55.9 cents per
gallon, how much money would this save in a year?

5. Regular tune-ups can save the average driver 175
gallons of gasoline a year. How much savings is this
with gasoline at 55.9 cents per gallon?

6. Driving at 70 miles an hour can take approximately
.25% more gasoline per mile than driving at 50. Assume
that, on a 300 mile trip, while traveling at 50, mph,
your car has consumed 20 gallons of gasoline. How
much more would it consume if you had traveled at
70 mph" How much more would this cost if gasoline

t9

LI

were 559 cents a gallon? L
7. The. Government has - asked the automobile
manufacturers to. produce automobiles that - will

average 20 mpg. The current average miles per gallon
is 13.7 mpg. The average car travels about 10,000
miles per year. How many gallons are negeded if your
car averages 13.7 mpg? How much does each cost if
gasolme is 55.9 cents per gallon? How much would
‘you save in a year?
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There are about 100 million registered automobiles
in the U.S."How gallons of gasolines would be
saved if ajl autonmobiles got 20 mpg? (You have .
already calculated how much would be saved by-one :

.. automdbile above.) How much-money would be saved >
in the US. if gasoline .were 559 cents per gallon?
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Actiyity VI-11 )
bbjective: .

.
.

The student will analyze the gasolme consumpuon of

various kmds of local transportanon L

A

What to do?

S

-

. -

‘Discuss_ the following bar graph. Why don’t more

Compact Car

-
.t
N / , T
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N
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< v

Gasoline Coqmmption/of Various .Kind; of Transpon.ationf(local) -

Standard Car

" people use the nmret“efﬁcjent methods\gf transportation?

e

W

e
u
d
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“Eneray Elhcmocxcs of the Transport Systems,” Richard A, Rice, 2 paper presented before the Socisty of Automotive Engincers at the lnwmanonal Automotivg



"’Actlvrty VJ~12
h e . -

ObJectrve1 o T . ' v

~

The 'stifdent will orgarﬂze -a file of newspaper and
magazine : articles relating to the oil shortage and.-then

suggested by the chppmgs. ~
- kWhat to do'>'7 e

-

~ !nstruc‘t a group within the class to begin a file' of

magazine and newspaper articles- related to the oil shortage
o .in the US. Specral .attentioft should be ngem- to those
- T artlcles which provrde suggestlpns for- mcreasmg the
avallabrhty"of oil. Assign a panel of pupils to wergh the
: ‘prggs and cons of each of the possibilities suggested by the’
.g_hpprngs Th.lS panel cgfld hear the arguments of three
.. studenfS seledted to, play the roles of an oil company
~.°  exgcltive;a Sierra b, spokesman, and an official of a
. Federal licensing agendy\ Then, after the argpments have

determine the practicality “or

ion. The research activities
d. provide answers to the
F- 2N

e figures we use concemmg the

. ballot among ‘the class teg)
feasibility of each sugg
implicit in this exercise sho
following questiéons:
How do we obtain
avaﬂablhty of oil%

What do the terrharﬂe/;erysﬂ proven reserves, probab]e
. reserves, and future discOvefies™mean? 7.

u judge figures (in brlhons of
of these terms to be?

How réliable would

ly. and environmentally efficient manner?
y are environmentalists .opposed to offshore

" drlling?

. - What are the trade-offs that must be considered in,

, the decrsions about using these alternative sources of fuel?
’ What factors might determine whether coal could and
shou]d be used, rather than attempting to obtain oil from

these alternate sources?

- Activity VI1-13

Objecrive' . ‘ - Y,

The students will organize hypothetxcal car poo]s for .
their parents. 'S
What to do?

Have a group of students devise a questionnaire that
.each student will complete, giving. focation of home and
parents’ work, ‘times of work, etc. Then use the data on
the questionnaire to form hypothetical car pools for the

*

¢

> -

'gdetemune the pros and cons of each of the possibilities -

been heard and the panel. h‘as deliberated, conduct a secret °

from oil shale could %be obtained in an -

-
[

. ‘ o o .
students’ parents..
orgamzmg these car pools? Would rt be feasrb]e to actually °
use them" T :

- /
Activity VI-14
- Objective: . '

The emdenté will ga‘d and discuss a spoof.

Whaf to dé? . . : -

Have the students read the following spoof and then
- discuss’ the questions fo]]éwmg dt. e
. “An Arizona newswriter reports that a memo dated
AD. 3100. states that during the 20th century, the earth
was mhabxted by huge metalliclooking beasts called

Pd

What problems are gncountered in °

¢

“amtosaurs.” These monsters weighed between 1,000 and -

4,080 pounds, and could travel at terrific speeds. Although
they: could be’ ridden, he relates, they were never
completely domesticated by the natives. Apparently
thousands of natives lost their lives to them each.year.
* Around the last few decades of the century, he tells
—us, the “autosaurs™ mysteriously disappeared. Scientists
entertain the possibility of their having starved to death
because “of some inexplicable depletion of their food
supply. A picture unearthed near Los Angeles supporting
this theory shows great lines of these creatures queued up
before a feeding station. One of the natives, in an obvious
attempt to forestall extinction, is force feedmg the le@\er
by means of a hose injected into its surpnsmgly small
orifice. This effort was evidently unsuccessful.” Our writer
continues, “While the extinction of any species is to be
mourned, it does not appear that the ecological balance

of that period was upset by the autosaurs’ disappearance.

-~ There is even some proof that it improved.”
Questions to discuss:

Why does the name
valid?

What characteristics does the writer attribute to the
““autosaur” that reveals its identity? ...

Which of the author’s remarkably logical sounding
statements indicates that humans are not always the master
of their inventions?

Humor can be instrugtive as well as entertaining. Do
you find an underlying truth in this playful piece of prose?
_What is it?

“ autosaur” sound scientiﬁcal]y

the story sounds possible and believable?

Do you think the humor is enhanced by, the fact that -

Which of the following conclusions do you think the '

author intended? -

—We should more careful]y protect our endangered

species. : .
© - —Automobiles krll a great miany people. ,
~The gasoline shortage, in_the long run, will be
beneficial to humans.and their environment.
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_ Objective: = .

"On

D’oes there seem to be any advantz;ge- in occ'asionéiy
using a light, humorous-touch, such as the author employed
here, when you want to make a-point? Why?

Activity VI-15 . *

paf'e that heat loss in an insulated
similar non-insulated container.

- -~

_ Thesstudent will ¢
container with "that in
What to' do? )

Materials needeq:- - Fwo small, identical beakers, two

+shoe* boxes, two "thermometers,
ceihng or roof insulation, boilmg
water.

‘Insulate one of the two boxes as well as possbee
Leave the other box uninsulated, and make a few small
holes in it. Insert a thermometer in a slit in' the top of
each cover. Pour the same amount of boiling water into
each beaker, place them in the 'boxes so that the
thermometer is in the water, and quickly cover the boxes.

'‘the b and ‘that the crack around the thermometer is
well sealed. Watch the thermometers and note the changes

‘in the temperature of the water. Ask students to predict’

what they think will happen, and "to explain their
predictions. Discuss the results. Use the experiment as a
leadin to discuss insulation in our houses.
Which constructlon -materials provide
insulation?
What is “thermopane”? How is it used?
Is good insulation important only in the winter when
fuel is béing used to heat the house? Explain.
What are the advantages of stormy windows and d&ors?

the best

What kinds of materials are used for insulating houses? f

Prepare a display of some of the more common ones.
How can room decorating (rugs, drapenes) help in
insulation?

What steps can be, taken by the average homeowner

to achieve better insulation?

. If a well-insulated house savl:s money in fuel for .

heatmg and electricity for air conditioning, why are more
new houses not better insulated?

Actmty VI.16 . s

Obj ective: «

N p\yxe student will construct a draftometer” and will

in vanous places.

What to do?

Materials needed:"
length of 1/4 inch diameter wood
déwel, one foot ‘of 1 x 2-lumber
cut into two -6dnch lengths,
thumbtacks, wood glue, drill.

o

=%

insulated box, be sure that the lid is sealed onto. .

] : )
Plastic food’ wrap,--a. 10 inch -

A draftometer@s a sunple gadget that you .can use
to 1cate improperly weatherstripped doors and mndows '
and to pin-point cracks and ctevices that need caulkmg

Drll a 1/4<inch hole near the top edge of one of the. ]

‘ 'p;eces of 1 x 2. This piece is aow the support (see sketch) : ' t

Next, cement the doWel into the hole. The end of the' %
dowel must be flush with the surface of the piece of wood. < SO

"* Then cément the other piece of wood to the support. Now, .. '.

-
Pl

cut 2 5-nth by 10-inch strip of plastic food wrap. Carefully, - -
wrap one epd of the strip around-the end-of the dowel & -
until only 4-inches or so of the strip is hanging free. Push. o
2 or 3 thumbtacks intg the dowel o ‘hold the wrap in-, -
place. The thin wrap- acts like a saﬂ’—xtmllreqund" ‘
to the gentlest breeze by bending out of shape. To deteet v '=
drafts, hold the draftometer near the edges, of windows

and doors, ngar passage-holes for pipes‘and ducts, and close ' y
to caulked” seams. The piece of wrap should remam .

motionless. -Noticeable  movement = signals = poor
{, weatherstripping and/for caulking. S .-
. ) B . o . B , -
v - ~ N / :,
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Activity VI-17

ObJectwe

4

The student will investigate the amount of heat

., generated by light bulbs of ,gxﬁ'erent wattage. -

. What to do?

t >

705 ,sz S

Objec‘tive- - A

-\f

Hold a 1aboratory thermometer next .to, but. not
touching, light bulbs of “different - wattages. What is the
thermometer reading for a 40-watt bulb? For higher watt
bulbs? How can this-heat loss cause further energy waste
during the summer? Which gets hotter —ancandescent or

fluorescent bulbs? \

Activity VI-18

The student will" observe the effects of solar heatmg
-‘on a cardboard house. '

~
- "

ZUQ
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. Objectxve ro o

-

What to do" / . o
X Matenals néeded~ - A eardhoard box such as a shoe
5, ~ box, a thermometer, plastic wrap,
tape, cloti: ~

Build a_ mrdboard “house” by taping a piece go\plasnc

Wrap across the o

n top of a cardboard box. Next, punch

asmall hole;in one end of the box and'slip the thermorneter
.in place. On a sunny day, place the .box on the sunniest
»‘ wmdow sill withi tite plastic “front” facing the sun. Record

" the temperature insi

de(the Jbox. Now put a piece of cloth

N .

v
- v v A
. L. ~ . -

" 3.:Po you tlose‘ the damper on your

over the plasnc “window” to simulate a2 window curtain
or shade. Record the temperature inside the box. Is it
different from the first time? What does this tell you about

. use of curtains and drapenes"

T~

Acb\\xm‘yl-w fo—
-9 - LA N

Objective: :
<~

The students will desxgn and blﬁld houses and test

them for heat loss or gam

l

“

:
¥

What to do?. « s
Maten'als\‘»-needed: -+« Various b&':ﬂding " materials,
{ : limited on}y by imagination. -

" Have the students design and cgnstruct different stzln&a’
of buildings and test them for energy- efficiency

buildings could be built from popsicle sticks. covered with
different materials, painted different colors, and showing

different archxtecture ie.,

K

ranch, two leyel. The buildings .

should each have aggay of inserting a' thermometer to test
for heat transfer. What effects do various aspects of the

buxldxngs have on their heat loss or gam"

Activity V120

]

{7

T

N

* The student (and parents if p0551b1e) will inspect the
conservatxon practices followed. in the home.

*

What to do? '
q

- During the Codling Season

Have students use- the checkhst whlch follows as an -
to class* discussion and as a guide to making proposals

_for improving conservation in the home.,

\-.k' . ‘. ) a B
A CHECKLIST OF

-~

Durmg the Hatmg Season

RIS 3
Do you have storm windows and storm
doors? f
2. Do you keep out51de mndovg and
doors closed? ' .

»

-

- ENERGY CONSEl%TION PRACTICES

YES NO

-

- 10.

‘fireplace when the ﬁ:eplace is not in
use? :

. Have you caulked "all wxndow frarnes

- properly?

5. Do you close off unused rooms and shut,
off the heat in these rooms?

. Do y#u_keep radiators and air ducts

the circulation of air?

or hot air ducts used to heat your

home? . ~ 2
Do-yeu se\\]our thermostat at 680 F

during the daytime and 60° F at night?

Do you avoid blocking_heating vents

with draperies or

fupiture?

Have: ybu mstalle{rapenes shades or

blinds at all windo

11. Do you open draperies, shades, or blinds
during the daytime to utilize solar heat? .

12. Do you close draperies, shades, or blinds
at night to keep the building interior
warmer?

clean and free. of obstructions'to perrgit . - -

. Have you insulated the hot water pipes - .

13. Do you have your fumace cleaned ar®l /

.checked yearly to promote efficient use
of fuel bumed?

14. Has your thermostat been cleaned.and
~ checked prior to the heatmg season?
15. Do you shut off all .exhaust fans

(kitchen and bathroo‘m) when not

" needed?
16. Do you have adequate insulation?
(R-30 or more in attics, R-19 -in

- exterior walls, and R-19 in floors over
unheated areas)

-17. Do .you close all exterior doors and

storm doors quickly ang tightly latch
them? . .

" in -the shade?
2.

~

Do ‘'you have your air conditioner

thermostat set no lower than 80° F?

Have you cleaned the condenser and

evaporator surfaces?

. Have you cleaned the air conditioner
filters at least once every two weeks?

5. Have you closed the drapes or blinds on *
the sunny side of the building t6 keep”
out the sun’s heat?

Have you' closed all out51de windows
and doors?
Do you have the storm wmdows and

+ doors in place?

Do you have all unnecessary hghts
tur'ned off” i

L3

N

"

" 1. Have you placed your air iondjtloners

- NO.
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. : E‘
Around the Home 4t any Season

1.

C 2

9. Do you have all unused rqoms c'fosed
D

oA

off? R

)

10.. Do you run your air condltroners- on hot
. »days only? :

-

Y

Do you use cold water instead of v{arm
water %or ‘water instead of hot
water when et possible?
Do yeu t¥m off the hot water tank
when you go on vacation?

. Have you set 'your hot water tank at

+-120°F or some other low level that

11:

‘seems reasonable?

. Do you have all*gxposed hot water pipes
. 5”] Eﬁd" - =N
. Do you wash -only full loads in the

dishwasher or washing machine?

. Have you checked all water faucets for

possible leaks?

. Do you tum off the water whrle you

brush your teeth? \
Have you started to wse less water for
your shower or bath?

. Have you reduced bulb wattage where

possible?

. Do you tum off ai hghts and apphances

when not in use"
Do yoMum ofg televisions, radros
phonographs and stereos when no one is

. .-hstemng? -7 N

12.

13.

14.

15.

16.

- 17,

<

18.
19.

A

Po 'you tum on porch lights or outside
lights only when you expect visitors?
Do you keep lights off when'a room is
not being used? “’

Do you keep 2 bnc\c in your toilet tank
to save water?

Do you keep a jar of cold water in your

~

!
4

——

~
{| omt—

£

refrigerator . to eliminate the need to ,
‘have your faucet tumed on so long to

cool the tap water?

Do you hang your washed clothes.

outside to dry when possible?
Do you clean lighting fixtures, lamps,

reflectdys, and shades regularly?
Do replace- broken windows
promp

Do you keep walls énd ce111ngs clean
and repainted when needed?

wo

—

—

20.

2L

22

L2

24

o —e

208

23.

25.
26.

.. _same size as the bu
27..

Do
colof"to brighten the rooms?

Do you defrost all refrigerators and
freezers - before frost becomes greater

than % inch thick? :

Have you checked the refngerator ahd
freezer gaskets 'to: determine if t.he
gaskets should be replaced?

Have you checked the gasket on your
oven door?

Do you dry clothes i in consecuuve loads

‘to takg advantage of a warmed-up

clothes dryer? :
Do you empty the lint filter in your
clothes dryer after every load?

Do you use pots and pans which are -
rmuse'7

Do you plan oyén use to bake more
than . one dish “at- a

. energy is used to cook two or. three

things. ‘while the oven istheated) -

.~ Do you always turn the oven or burner_

off immediately after use? -

. Do you always turn off' \}qtchen exhaust
fans when you- tum off the oven or™

. bumers"

_ Transportationfor you
1.

. 3

Do you walk or ride a brke to do short
errands around home?

2. Do you make all trips of % mile or less 2

-3.

. Do you

walking trip? 7 .7

Do you use public transportatlon when
available instead of your farmly car for
trips over % mile? - -

. Do you obey speed limits at all t1mes'7 ‘

Do you have your fa:mly auto tuned up
at least twice a year?

Do you have the idle of your family car

reduced as much-as possible?

EIT 5

ume" (httle more

o

— P e———

1
Do you marntaln a constant speed in=

traffic?
accelerate and decelerate

B -

slowly?

. Do you participate in a car pool'7
. Do you .operate a vehicle which gets

" more than 20 mpg gas milage? .

2

J

M

~

ou paint walls and ceilings a’ hght .

I
—
N
)

' NO

[N N
- 4

——— ——

—
b
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. Activity vr-22

2 shower or a, bath. *

'What to do" RN .

(¥

' Objectrve

'you gre finished, medsure the dep

\ . ' £ 5
- S : ,
, Actmty VI-21 L S
Ob]ecuve. ~ _' Y
The studegt w111 deterrgine “which takes more water:

o

e

. Have students follow these directions:

Fill your . bathtub - with water (adjusted to. the _
temperature ‘you like best) as usual, but before you step
in, use your yardstick to measure the depth of water in :
the tub. The next time, you are going to bathe, close the
bathtub drain and take a shower instegd of'z bath. When

V{ of water that has
collected. Compare-this reading with the bath watet déepth.
Which. takes more water" Why does more water mrean more
energy‘7 .-

The student will determine the amount of energy .
wasted By a dnppm_g hot water faucet. - .

Lt R - ’
What ‘@5 do?*=™ : ‘ -
L4

-

If there is a leaky faucet available for use in this

‘experiment, us it. Otherwise, adjust a faucet so that it leaks

&

“by 110 - this gives the appgoximate number of gallons

Activity VE23

&
3
‘

‘ the pnontres lie in energy conservatron

slowly but steadily. Put'a measuring cup urtder the faucet
and measure the amount of water collected in 15 minutes.
Do some arithmetic to figure out how much water this

‘amounts to in oné year, (Figure it out in gallons.)

. Now, assume that the drip was all hot water. You
figure out about frow muchi fuel was wasted by usmg
following calculations: . .
‘For an oi] fired hot water heater: Divide your answer

-

of oil wasted.
For a gasfired hot
‘numbetr by 0.84. This gives

ater heater: Multiply your
e approxrmate number of

e

cubic feet ofpgas wasted. ' .

For an electric hot water heater: Multiply the answer
by 0.25. This gives the appfoximate number of -
kilowatt-hours* of _electricity wasted -

-

Objective: . } - ) ‘
The student wijll determine in what areas the greatest
need for conservatioh of energy’ exrsts and to see where

t . -?

\
]

-

209

20

What ) do"

-

. page.

N

Discuss with the studerits the data on. the followxn9

e Consumed energy - in the Umted States is
distributed in;.this manger :

Industrial 412% , -
Transportation : 25.2% '
ReSIdenﬁal . ) "19.2% - '
Commercral 14.4% -

In which area is the mast energy consumed? Why does
the burden of comservation seem to fall on the average
citizen in the residential area? Tould industrial use be cut
in zhalf? What effect would this-have?

Let u$ break downsithese areas to see where the'
greatest savings may OCCUE~ .

A Industrial - _— o
Process steam "~ . ' . 40.5%
Diréct heat — ¥ o 217%
Othér ' " 31.8% -

~ .Would .it be easy to cut the mdustnal energy use?
What effects w
"“be given to indbstries who come up with energy saving
ideas and methods? Why are. industries. themselves eager’
to cut back on_their consumption of energy'7 :
B. Transportatron - .

1d this ~have? What mducements could - g

34.5%

. . “Urban passenger transportatron w ?

A - Intercity - passenger transportation. | 26.1%
Intercity freight transportatlon : 14,5%
Other : 24 9%

In which areas do you and your famrly&lsume most

-of your gasoline? In what area should the major emphasis

- on conservatron be placed? ‘What are some ways in which

energy could- be conserved in -each area? Compare the

energy consumed by shipping freight. by truck, rail and air.
What are’ some’ other factors ifvoived besides cost in .

* = choosing. the method for, sh1pp1ng frerght" .

C. Residential -
"~ Energy consumed natronwrde in the home 1s broken

down as follows: L.
_ Space Heat . / 57.3%

-,

Water heating i 15.1%
- Refrigcration o 5.7%
-~ Gooking < - . " 5.7%
- Air conditioning 3.7%
Other s 12.5%

‘E which areas are the greatest'§avings possible? What
are some ways of saving.energy ih those areas? - -
D. Commergial -

" Energy is consumed commerclally m-the followmg
manner: « Sl

~

. <’Space heatmg . 480%,
Air conditioging 125% .., »
Refrigeration - 7.6% .
" Water. heating 7.6%
Other ; 24.3%

9 '

N,
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-
K . -

How would you suggest that commercial and business
establishments can best cpnserve energy? Is it reasonable
to expect homé ownes to cut b
but not business? How could busine e induced to cut
back .on heating costs? Corimercial [ating is~for you, the
.consumer: How could you influence businesses to cut back
on thermostats and air conditioning?” Do you prefer

/

on the;r thermdstats

.

shopping at an’ air .conditioned store in’ the summer" C

Activity Vi24 oo R
Objective: - - ’ |
__ .The student will become aware of t
communities upon energy availability. :
What ‘to’ do?” N o ,
"Have the students develop . the ) hyp.otheti_ca/l

Conservation City, as detailed below.
.o Conserva.tlon City is a new planned commumty to be
" located inPz, . Within and surroundmg the commubity’

- are to be located” a petroleurn refinery; a corporation

interested in developing a summer resort area, a canning -
company, a paper mill, and a clothing factory.. The
population ' will- be approximately 15,000. You are to
develop a model community and decide what' resources you
will need and what type of transportzmon system, keeprng
the following in mind:

a. What type of-natural resources are needed for
the industries? .

b. What type .of locations are.needed for the
industries — include site descnptxon water

_ sources, -fuel_sources, wind direction,” economic
impact, environmental impact
resources.

c. W’hat type of energy will be needed for
industries and ‘homes?

d. ‘What type of transpqrtation is needed for the
industries? Youwr will ~'want to consider
convenience, cost; pollutiors and cengestion.

e.  What type of public {ransportation'system should

b established? - Consider cost, convenience,

and desirability, You will want no" parking

problems, traffic jams, or excessrve gasohne

consumptton\ - jRY .

You want to hold pollution and envrronmental

impact to a minimum.

Draw a map of your new community indicating plant
Jocation, natural resources available, street lay-out, public
" transportation systems, anwidenﬁal_areas. -

and hunianv .

:»

B. Have student itemize ways that the er-Mﬂhon-Do '

Activity VI-25 ) T N
Objective: q | ’

. The students will observe the dependence of modemn
society on energy. ‘ _ -
What to do" h N ) -

= 4

Have the students contrast Robmton Crusoe thh the
Six-Million Dollar, Man, as outlined below.,

A. Robinson Crusoe/ who was shipwrecked on an isolated
island, for many years, had to'survive under difficult
conditions that fortunately prowded hnn with some
_resources wrth whxch to work. .

-

Piscuss the supply of natural resources with which

Robinson- Crusoe had to work. How did he convert

them to energy? ‘Discuss the ways he developed to.

hamess energy. Classify the ways he used energy, into

five categories: mechanical, chemical, radiant, nuclear. ?

- or electrical. Compare the methods he used tqpro— , i

duce energy and powet to those used by modem day ‘
* seciety.

Man utilizes energy in a manner drﬁ'erent from our
- everyday use. :

S

N
4 .

S



. s A .o :
Extend this study by assigring various works of .

- science fiction by Arthur C. Glarke, Isaac ‘Asimo v, H.
G. Wells.etc, and asklng'smdent t list the inhovative

- = uses anc ways to produce energy used in those books. -

Classify them into the five types “of energy’
(mechanical, electrical,” chemical, radiant and
nuclear). Other possible sources of research are the

StarTrek, Popeye, and Superman - television shows as .

well as many types of ‘comic books.

S

Activity VI-26 e ’
. B 3
Objective: *
Fhe student ~ will make murals on - energy.
conservations. :
. , _ ' |
What to do? 7

Have the ‘students as a group come up with a list of

% ways the school could save energy and 10 ways the .
‘\~ . \.‘}“

\/\
T s &
¥
. A -
A ;
S /
N -
N /j A
F' \'
upy,
Y
e !
M .
N
)
N
R
® D a

c e, ,

. on your_lawn and gazden? ..? oo

'ActhIty VI-28 7

- -

'

. . y e . . ) )
_community could conserve energy. Have them do a mural * =

to illustrate these ways. Display the mural for thqschool
or commumty & .

Activity VI-27 | PR e

Objectfve: , . .o o
The students wﬂl consxder conservatxon m relatxon to
lawn care. , S , .

What to do" : . ‘ o ;
Have .the students take a ne:gh orhood ﬁ on lawm i
care. Ask the following questions:”.

How much fuel does it takg_/té) keep your Iawn

_mowed? (How much per month or per mowing seaso:) 7

. Do you use anydother’ fuel-consuming garden tools, ..~ .

such as clippers; edgers, mulchers" HQ{I‘mUCh fuel do they .

consume? . S
What -kind of fertihzers and" pest kﬂlers do you use - .

FANN
b

N

. .
LA

-

. What d& you' thinR about unmowed la)vns" (Lawns
that grow naturally .without any- care) e ;

‘Discuss the resulfs of the poll. Is the use. of powgred
garden tools justified? Is 3 lawn necessary? Is ﬂae,gm/

.

-

‘ ’mowm “idea unacce’ table or acceptable? .- L .
g prale P g% . B

Y
r P

!

,Ol;_]fctwe: D ‘\ . . | ~ _‘ ﬁ" .

The students will relate the mformatlon learned o )
personal expenences : : -

What to do? LT 1l

In small groups, have \the students bramstorm the’
conditions of the. problems and solutions set forth on the ¢
page entitled “ The. Energy CHain.” s

-

r
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The Energ_v Cham L

Populat:on growth, ‘production of goods and sennces dependency on
forelgn oil supplies, environmental &ealth and_safety, and the effect of
these orrourllfestyles— each of thesei isa linkinthe chain of energy use.

- Each'is part of the energy challenge. Y

4

N Draw aline from each short story to the appropnate link. Fo:m small _
‘discussion groups. With othersin your group, define the problemin the
Ny fbllowmg situations and dlscuss what your solutlons might be.

- . 3 M . . - ' "
1 Time: Oneposs:bledaymthefuture Canada hasdemdedtostopexport- R
; .ing oil. Some of the other oil-producing countnes decide to band to-
.1 gether and withhold oil in order fo raise prices. U.S. suppli€s of oil are
: suddenly cutinhalf. There,lsﬁL mllk orbread.inyourhouse, nogasin the
car, arid you five 5 miles ‘frédm the nearest store. What'kmds of problems o
* ‘would youand your commumtyfacelfthereWerea serlous oil- shortage" N

ks ._How could you solve these. problems'7 - e o
LR _,/ REPRRY S - fo

T e . . . - .,,‘- P
'-,g" - - - . - -2

-

- T T .

. Eacﬁ year the number of students in your classroom increases: ThJs R
means more seatsin less" spaee more noise, less personal help fromyour -~
teacher. A newrbg;u.es:s\;as opened in yourtown, employing 9300 people. ’
Suddenly, your<lass siz&has doubled How will this affect you and your _
school? . " .. R e .
. A large utility companyis planningj to"buildan electric generating plant
right where yoy and your family camp and fish every summer. The coal
" - resources are nearby (mining hasn't started yet, though) and the’ cnty500

" miiles away is desperately short of electric power. Should the plant be
bU|It‘7 Why or why not" : )

e

L]

= L3

. AN . . :

. PO’U LAT'ON " 4. Your uncle manages alarge farm that produces many food products. He ]
o GRO.\Q(TH SR ' operates-tractors and giant combines; he runs a gasoline-powered irri- .
"‘*‘:\g _gation system, cow-mijlking machines and crop-drying equipment. He 5

uses fertilizers made from petroleum. Because petroleumis scarce, his
costs Have more than doubled. if he cuts back onhis use of petroleum-
" based products, he would seriouslyreduce food production peracre. Is

[/ R
o ' \ . there any way he can cut back on his reliance on petroleum? How can ‘
=7 &L . consumers help cut energy needs for food production? ’ '

5. Theanntal operating budget of your city(your public tax money) can pay
L . . for either completion of the super highway system or enlarging the
WORLD TRADE ' i suburb-to-city mass transportation system, but not both. Most commut-
ers don't like to.ride buses, so the buses dre usually only half full. The
vote is coming up at the council-meeting next week. How should the
council vote? -

. ° .
. 4

7
Raty)
fwd
)

212 ’ T N M ol ?




T - o ACTIVII"Y vi28

Tl3e Energy Cham o o

- , L. .
-

P F"opulatlon growt'h productxon of goods and services, dependency.on
'.forelgn oil supplies, environfmental health and safety, and the effect of
- theseono hfestyles— each of thesg isalinkinthe chann of energy use

Each is part of the ‘energy cthenge T - [

[ w . ’

/

o der Drgw asline from each short story to the appropnate hnk ‘Form small
discussion groups. W'th others in your group, define the problem in the
follownng sutuahons and dlscuss what your: solutlons might be.

o .
- ’
/ - .

¢ 0

L

r - < o - . -

1 Time: Onepﬁoss:bledaylnthefuture Canada hasdecndedtostopexport-
' ing oil. Some of the other oil- prodycing: countrres decide to band tpg,_,
. .gether.affd mtﬁbelc{/onlln order to raise.prices, U.S. supplies of-oil ate ,
. 5uddenly cutin hal»f Therelsnomllkgr.bread inyour b house, no gdsgin the = <°
- catiand you live 5-miles fromthe_nearest store. What ‘kinds of problems
;. " -~ would you and your com munity faceifthere werea senous onl-shortage" S
-~ How could you solve these p,doblems? A TR o

! ¥

i
,.._ S R ,
- ® . P .. } .

n

"2, Each yeat the number of students in your classroom increases. This . °
means moreseatsm less §pace, more noise, less personal help from your'
teacher. A new businéess has’ opened inyour town, employing 300 people )

. Suddenly, your-class size has doubled How wnll this affect: you and¥ your ’
school7 - i ¥

3.:A large utility company s pl 1nning to build an glectric génerating plant
nght where you ard your fa%p and fIS{'I every summer. The coal
resourcesare nearby (mining hasn t started yet. though) and the cutySOO
. miles away is desperately short of electrnc pgwer. Should the plant be
bunlt" Why or why not? - . o .

. N : : ,
POJ?ULATIO"{ 7 a Your uncle mana esal'argefarm.thatproducesm ny food products. He '
. . g
GROWTHs : operates tractors and giant combines; he runs a gasolin-powered irri- -

i gation system, cow-milking machines and crop- drymg equipmient. He
uses fertilizers made from petroleum. Because pétroleum is scarce, his
costs have more than douoled. If he cuts back @n his use of petroleum-
based products, he would seriously reduce foo}:l production per acre. Is

- _there any way he can cut-back on hlS reliane op petroleum? How can
corisumers-help cut energy needs for food production?

S ' 5 [ —
5. Theannual operating budget of your city (your public tax money} can pay
for either completion of the supér highway system or enlarging the .
- suburb-to-city mass transportation system, but not both. Most gommut-
- ers don't like to ride buses, so the buses are usually only halﬁ&ll The
¥ vote is coming up at the FOUHCII meeting next week. How should the
counc:l vote? ~

I v € -

3

o
»
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A
Hidden
Word

_Review

Hidden in the diagram are
energy-related words that

)

ZmoI N O Z v PO Zm
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- you have met throughout
The Energy Challenge ac-
tivity program. There are 30
words altogether. Try to
- fi many-as you can

And circle thep! across, _

'+ down, or diagonally. Theg
letters of each word afe )
always in sequence. You - -
can answer the questions v
on this page with words—
from the puzzle.

',

O m < »m > Z
< vz T h.r » T D MI 4 0 MG

g r
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N

{:)f:_l; o »

1. In_1776. James

3. The three fossil fue&s’are

° N
put the
steam engine to work and °tarted an energy
revolutlon - -

2 Albert

way for the atomic age in 1905.
. .

pr.epared the

, and

4. About 65 percent ‘of our coal supply is used ‘
to generate ..

1

5.7A_ of coal is a layer of coal
lying beneath the surface of the'earth.

\ " S
6. Electricity is nota primary energy source; it

is a source.
7. Oil is measyred byzthe “
which is the same as 42°galions. . '

LN H

oxygen is called

<

f
o)
ll

12. If you
your house you can keep the heat in in the
winter,and out in the summer. .

13 Shrppmg freight by ——

/\an solidywastes at high temperatures

n aln“ost inexhaustible source of energy -
that does not pollute, is mexpensuve to main-
tain but costlv to install is
energy.

'10. Sunlight can be captured using a solar *

to provide electric,
power to a building.

11. Being careful about the amo@ii;t ofenergy
we use. by practicing .
we can save valuabie energy.

214

* between

rather than by truck is much more energy-- -
efficient.

\
14. Coal turns
coal into aclean, easily transportable fuel that
can be used lske natural gas.

15. The Orgamzatnon of Petroleum Exporting
Countries is usually abbreviated —

-

16. As a result of the oil

in 1973, there was a shortage of gasolme and
fuel oil. - . -

17. One of the worst sources of pollution in the
US.is R withoutemission con- -
trol devices. - >l =

18. Pricesvery often go up ordown because of
supply and

19. More and more people in every country in
the world means a ’
growth that will use more and more energy in
the years to come.

20. We will have to. reach a delicate balance “ ‘

concerns and our growing need for

-~

21;



© Activity V130
Ohjective' .

. * the food system.and select ways to save energy.

. .
- -

Whatfodd" . o e

Have the studéhts look at the steps below in the
prepa@.xon and eating of a frozen vegetable: Have them

The students will identify energy consummg steps in prOpose which " steps could be ehmmated to save energy.

1 : . P

- . . o . . . -

-

eat it

N

A / .throw away the’ pscka:ge\l ' : T .

‘thaw. and cook it-

. .
. . °. - .
PR . R
N .

f take home and put in freezeg

\ . ..

L L

drive. to market to buy it *

A

/ supermarket keeps -it in open freezer \

/refrigerated truck takes it to supermrarket\ . o

-food company freezes it~ -7» .\

- / '.“.'. \/,

food company packages it . RN L

A

; . '

“/

~ food company- slices it by machine

=\

4

it is transported to the food processing plant.

\«

- L v ' N T/ A _truck farmergmws the vegetable | on hxs farm’ A_-

- NI = [ z_ - RS
- R ‘. o . D

Teac/he\: notes: . o .

r

~

- garden \and edling that vegetable raw are the two least

‘energy Intensive steps. Have the students construct a food - 1.

pyramid for pop drinks in‘cans, TV dinners, ice cream,
cereal . Find ways of saving energy for each item. (This
activity comes from Energy Conservation in the Home,
curriculum guide for-Home Economics Eachers produced.
ERDA.) : )

Activity VI-31

Objective:

e,

The students will calculate the energy consumed for
marketing trips and plan ways to save energy on their
family trips. o

'Whattodo" oo .

N . s - S .
- R N - -
- . .

N ~ . 3 Y

~
-

Teacher thes:

s -
3 - M 3 .
- A v L >

The answers'will vary. Growing vegetables'in your own

. "It would be helpful to ask the following-questions:

Are the'car trips less than 1 mile in distancz-?

2. How else could you get there? . -
3. How could you cut down on the number of shoppmg
- trips? 4

4. What ways could-you recommend to your family to
- conserve energy when shopping?
Activity VI-32 .. % R
Objective: .

The students will plan menus which. ,are the least “
energy consuming. 7 -

T

What to do? ' o >

Ask the students to plan menus for a day’s meals

Have the students take a survey of the trips family ~which use the minimum amount of energy, taking into

members’ make to do their marketing in a one week period.

consideration that energy cost includes fertilizers and

Have them record distance and mode of travel. Each insecticides used to grow the food, farm equipment,

student will then make a plan to save energy in their own
family shopping patterns.

.. . _ mph of
Date | Stores Visited | distance traveled | vehicle used .
. vehicle
g )
b
!

transportation to market, processmg and packagmg and
preparation.

s

Teacher Notes: -

Bring out that foods w:thout excess packaging and
those in returnable-containers usually cost less. Follow this
activity with a field trip to a supermarket to compare prices
of foods in different kinds of containers. Stress that _
forming food cooperative groups to buy food in bulk or . . *
growing food yourself cuts down on energy used as well -
as being cheaper and better for you . ] .



Activity VI-33

Objective: .
The students will investigate kinds of clothing for

fiber contént to determine energy wastage in manufacture.

What to do?

“Have the _st{dents read the labels on the clothing they
are wedring to class to determine’ the fiber content of the

" clothing. List the kinds of fiber on the board, by per cent,

if possible. Discuss the advantages and .disadvantages of
each kind of fiber for energy usage in its production and
for maintaining thé best body temiperatute for the
individual \leanng th\e article of clothing made of those
ﬁbers.

"
!

o

-

Teacher_Notes:. ~
'

" . Natural fibers such- as cdtton and wool are able to
ho]d body heat by trappmg air. They are also able jo
“breathe” and absorb moisture, The .living material in a

- natural fiber garment regulates the climate around the

body; if it is cold the material retains heat. Synthetic fibers
(rayon, acetate, nylon, acrylics, drlons, polyesters (dacron))

--are derived from petroleum and do not “breathe™. It might

" Activity V1-34

be noted that cotton and wool fibers are more difficult

. to buy and that cotton without some polyester fibere

usually has to be ironed (which uses energy).

~

rd
N

EPA estimates 92,000 barrels of oil per day would
be saved if 90 per cent of Americans used retuvﬁab]e

containers. The energy used in 1976 was 37 million
barrels of oil a day. What per cent is this?

1.

_How much energy could be saved per ‘day at the
maximum by eliminating excess packaging, shopping
in bulk through coops and growing our own food,
if 4 per cent’ of .the energy usage in the U.S. goes
into processing and packaging foods. How much per

" day? How much,-per year?

2.

3.. With virgin or raw materials 750 KWH (electricity)

. “is used to produce one ton of steel, 16,700 KWH is
used to- produce oneton of aluminam, and 1,050 -
KWH is used to produce one ton of paper. Using scrap
-or recycled material, 585 KWH is used to produce
one ton of steel, 780 XWH is ‘used to produce one
2ton of paper, and 350 KWH is used to produce one -

ton of aluminam. Eigure out how . much electricity

-

s saved By recycling®one ton of steel? one ton of
aluminum? one ton of paper? Which material saves": -

the most electricity? Which is the most important to: ~

recycle? Do these samé calculations for 10 tons, 50

 tons.
Teacher Note;: -

i Point out that aluminum is a light metal and a lot
‘more volume of material is needed to make a ton. How

" many average homes could this energy supply? .

Objective'

The students will calculate and identify energy savings
in recyclmg and reusing containers.

What to do?.

N ;

Discuss W1th the students the concept of the three
R ways of conServmﬂ energy

Don’t buy items in packagmo that 1s ‘not
needed.

Don’t buy throw away bottles and bi-mretal
cans.

Don’t buy plastic containers or styrofoam:.

Don’t buy paper products-except when
made from recycled paper. Ask to see

the label. -

Re-Fuse :

/Re-Use:- - Don’t throw thmgs out aftef you use them.

" _ Create a new use for them.

Re-Cycle: Collect materials in your home and: take
.them .to a recycling center in your
community or start one. Cans, glass, paper
artd uminum can all be recycled.

Have them complete the following problems:

Activity VI.35
Objective:

The students will decide which activities are energy
wasteful and which are energy saving. -

—_

What to do" ’

Divide the class into teams. Put appropriate headings
on the chalkboard for saving energy and wasting energy.
Give the students turns ‘by teams and put-the items
mentioned below under the appropriate heading. Allow an
opportumty for the other team to challenge each entry.
Set up a point system for the score. Include such things

, as:

backpacking, using recreational vehidcles, walking,
bicycling, motorcycling, mopeding, hotroddmg,
driving in a car by sglf, riding in a bus, riding on a
. train, riding on a plane, carpooling, buying natural
food, buying processed and packaged food, home
grown food, coop purchased food, junk foods, quick
foods, camping out, staying in youth hostels, staying
in hotels, stayirg in-motels, regyclable containers,
returnable bottles disposable bottles, aluminum cans,
wearing a sweater, turning up the thermostat, and

91@-



10.

-achlevemeg.t and hfe style .‘.. T IR R R SRS

‘/",_'.

" The lea:nér will descnbe the. sources of fuels used to supply energy, thelrpresent and prqected

’ The leamer wﬂl 1dent1fy the future opuons in fuels and wiIl descn'be the econonuc,

' fuel crisis. He/she wﬂl demonstrate practn:al ways to conserve energy in the. home school

VI. MAJOR OBJECTIVES FOR -ENERGY EDUCATION .
. v , . . . . . o . ) % B . . ] . N :“\
The leamer will define energy in the physical sense as the ability to dowork.:' : B} o

The 'learner will describe the various forms of kinétic and .potential emergy. =} . N
. R . L . -_"' ) | ‘:_:-‘ -. \-:‘ﬁf‘ , - . .

~

‘The leamer will describe the transformation of energy from one form to another and descn'be

these - transfonnatlons as. processes | in which. energy is. always st . L ~

Ttr: Ieamer wrll descnbe the hlstoncal 1mpact of the avmlablhty of energy npon human

AV ST T e Ll ; Bt R
R . - TN L. e - . - . - P P U T U N

The ]eamer vnll descnbe the present and pm]ect%d woﬂd mand or enetgy and 1ts effect
upon the United, States and ‘the other nanons of the° wor!d.

& Ty
The learner will describe the social and economic ef_fécts' of the" ;;tesept—iﬁnite _e,_e_t'gy_;-;s_upply.f”' =

’Y " v . - H - ) " N N »_\ . . '5" ) . .v -—“’E-

'avaﬂabnh&, and the probable consequenees of shortagec. T - R

»v-\" o CT : ,‘ - N -; ’ B . .» . ~ : « t ".'1’ ‘ :
The feamer d:fferentxate between exhaustable and renewable fuel sourm, and wxll explam T

- -
. ’ . - .
2 -*

our depend%ncy upon both . types :

i

environmental and polmcal consequenoes of their use. = . Lo,

—

T7he Iearner w1ll 1dent1fy conservatxon as the optional short-term response td the present

eand commumty - B _ : - _ LT

.
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