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'PR'EF‘ACE

-

The A B C" of Energy, a k=12 1nterd1sc.p11navy resource gulde ,
consisting oF twenty-six separate energy topics {one for each letter of the
alphabet), contains information that teachers can usé to teach energy .
education in their classrooms. Since energy is a multifaceted dilemma With

po itiecal, econom1 S5 soc1al, and moral/e. h1ca1 1mnl1fat1ans, th]s reaource

classes but also othe;rdwsCﬂp11nes such as 1anguage arts, mathemat1cs,
art, and industrial arts. '

is designed with its own overview, teacker background ,nformat1on, student
activities; and;resources. The student activities are divided into three

recommended categories: K-6, 7-12, and K-12. Therefore, the teacher may

__infuse_all_or any part of the guide into_ the existing curriculum.

As teachers infuse energy education into the existing school curriculum,

this guide should be a valuable teaching resource. Since the energy problems

of the 1970's and the 198G's have not only immediate but also far-reaching

ramifications, educators should stress the global effect of the energy dilemma,

the need for energy conservation and exploration of new energy sources, and
the implications:.of current energy supplies and demands.; The February, 1981

issue of National Geographic, describes the energy situation: consumption,
world energy resources, finiteness of fossil fue1s, conservation; and new

energy sources.
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IS FOR APPROACHES TO PROBLEMS
RELATED TO ENERGY SHORTAGES

Energy Use ¥ Syny)e?/cs -
Whste X Cos’r + EFFICIehcy I}//u)‘aon
B + Conservation ¥ _LnC*"EC'S’”9 p0{30~ B

-‘Q*’lol‘) +Tec]1h0[oglc,a] Ad\/ =

OVERVIEN:

Students examine the pattern of energy use in this country from a

historical point of view:. The activities focus on the increasing demand

-z X -2 _ ¥ e T E_ 2T B

for _energy fostered by an, expanding-population \e1evated standard of

Living, increase in leisure time, and the soc1a1&assoc1at1on of high

consumption with :success and happiness: Students categorize their own

energy use, i.e.; life-supporting, conven1ence, recreation; etc:, and:

suggest ways for reducing energy consumption: : The a¢t1v1t1es ‘chart the

cdvantages and disadvantages of a selection of alternative energy

sources currently being explored: On the basis of personal conservation '

techniques; generalizations are made  regarding national and world-wide
conservat1on measures: i

. \

. TEACHER BACKGROUND: .

- Our society today has been referred to as a class of OVer-consufiers,
a group of people whose demand for energy will soon exceed supply One
mist address the social cost of the economics of energy and arrive at
h1s/her chaices and needs. The_energy crisis has been alluded to as a
measure of our W1111ngness tQ let techno]ogy def]ne the obv1ous——the

5



_~~"profit margin is often too much of a factor, building codes ave stated,
e but often never enforced. In order to arrive at solutions to the gross
g overuse of enerdy, one must exhibit the need to redirect persdnal 1ife-

styles by devoting time to energy education -and to auditing and monitor-

—~ —— ———unionszhave-conie-intoptay to—increase the—job-market and—to—expand -

ing his/her energy use.

- -7>‘) . . . N
____From an economicsstandpoint, the Arenican of the twentieth century
has become too dependent on urbanization, electrification, (and motoriza-
tion. Unwise consumption of natural and man-made vesources cause pollution.

In providing the basic needs for man, one faces energy-shortages. Energy

is required not only to keep our high productivity farms in cperation, but |,
also. to produce the increased supply of nitrogen-fertilizers required to .
eievate their levels of productivity. The agricultural system is depen-

dent upon mechanization and petroleum usages and thus competes with other

industries which also depend upon petroleum or petroleum by-products in

the U.S. Because the U.S. has_a petroleum based economy; the costs of

goods and services i5 intimately tied to the price of this commodity. In
response to the faltering economy; jobs are eliminated; but pressures by i

indust¥y--an-obvious economic inconsistency. Rising -energy prices have
also contributed to inflationary trends. Rising prices; competition, .
international embargos; and lack of ecomomic cooperation among countries
have d150 contributed to the economit-based dilemma. ’

_ Government i the U.S., although espousihg energy cutbacks and
revisions; has done little to alleviate the energy crisis. As demonstrated

recently, there is a foreign influence operative im the U.S. foreign and

domestic policy, particularly in the area of energy supplies. The United
States; assuming that as long as its needs are provided. for that other

nations will have to survive as best .they can, has become complacent
regarding the worldwide energy shortage which threatens developed nations.
Lack of government mandates and controls allows the spread of strip mining

into otherwise productive and prosperous agricultural areas.

Another a horta

. pect of the energy ‘shortage problem is the conflict over -
alternative eneryy sources. Each of the varicus powsi sources has ie¢s share

.0f advocates critics. Thus, the American dream is in jeopardy Secause of
the energy crisis. It is time to educate/reeducate the public o assess
and redevine the needs and choices available. Until conservation efforts

are supperted; one stands to lose the guarantee of 1ife, 1liberty, and
the pursuit of happiness. -

-

STUDENT AETIVITIES FOR PROBLEMS RELATED TO ENERGY SHORTAGES:

-

Recommeded for K-6:
e

1. List'as many alternative energy sources as passible.

down/prevent the waste.

2. List 10 ways in which energy is wasted and how we can 516w

-y



Recommended for 7-12:,
1. Ccomplete the following Lanauage Arts-activities; Poetry and Energy
(Gause, 1978): :

Discuss the importance of energy.
Identify energy concepts of past and present poets in

~ relation to theirs by writing a paragraph of comparison.
.c. Show how energy concepts are funny as well as informative

o

by writing a Timgerick on energy; demonstrate the importance
- of energy communicatjon by making a beoklet. =
- d. Write an original poem to demonstrate his/her knowledge
‘ about emergy. - -

2. Interview different segments of the population to assass energy
anxieties and patterns. ,

_ .. ...3. Serye as an energy monitor at home or at school. Establish

definite criteria for monitor: — - o

Recommended for K-12:
1. Constrict a time line @ffﬂ;siféﬁgfgyﬁuSé;,aiseass reasons for

changes in energy use patterns from a socio-economic standpoint.

2. Collect advertisements, particularly for products requiring
comparatively high energy use. for relatively Tow value received,
é;g;;,éléctric,can,Openefs;7e1eg§rjca]]y-6héfatéd toys, air
conditioners, highly-automated cars, etc.; discuss sales
techniques used by the manfacturers to -induce purchase.

3. Research altarnative forms of energy. Share the information
by making bullétih”poard displays, posters, and scrapbooks;

or oral presentations.

4. Select an individual conservation measure; e.g., taking shorter
showers, turning on only one-light in a room, walking to school,
etc. Maintain this resolution for a week. Discuss their.
reactions; speculats on; the probable success of and reaction
+o enforced conservation. Compare the habit pattern one month
later. i ‘

5. Research how the paper industry uses energy for production and

~ what measure# it has taken to prevent environmental pollution.
' “nelude what alternative sources of energy, if any; the industry

nroposes ‘to utilize in tne future. Include conservation measures.

6. Invite guest speakers from fields of architecture, public utilities,

and industry to spezk on energy trends in their fields.

-
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i




7. Construct a graph showing U.S. consumption of fossil fuels for a
particular period. <
8. Compare the us~ of energy in a deve1ep1ng cotntry and the U.S.

Use DOE pub11u4t1on, "Bringing Energy to the People: .Ghana and
the U.S:®

" The Energy Future Today, Grades 7,8, 9, Social Studies, U.S. Department
of Energy: National Science Teacher Assoc1at1on, AprfT' 1980.

Energ) ?ransitlbﬁs,Ln,U*S44Hlstupy Grace 8-9, U.S. Department of Energy:
Naf1ona] Science Teachers Association, June, 1979

\

' U,SHW£nergygBong¥444ﬂldjlLhrectqon’ Grades 11-12, U S. Department of
Energy: National Science Teachers Association, Apr11 1980.

RESOURCES:

"A Special Report in the Public Interest Energy, Facing Up to the
Problem, Getting Down to Solutions.” National Geogvaphic. Feb.;
1981. p

Bailie, R.C. Energy Conve-~sation Eng1neer1ngﬁ Addison=Weslay
Publishing Company, 1978. .

Carr, D.E. Energy and the Earth Machine. Norton and Company, 1976,
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1980.
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IS FOR BIOMASS

OVERVIEW:

__* _Students explore the different sources of biomass energy and examine
the positive and negative aspects of each. "The.activities focus on the
biomass sources, their advantages and -disadvantagesy~the impact of over-
population, the construction of a calorimeter, the avaiTtablity of the
different biomaS§,§0UYCé$ in their locale; and surveys of local wood use.

TEACHER BACKGROUND :

_ "The word- biomass describes all solid material of animal or vegetabie

”

orgin from which energy may bé extracted. ‘Plant products, such as corn

fusks, branches, or peanut sheils, waste paper, and dung are examples of
bibmass,fue1s:778j9m§5§:can,be;héatéd; burned,; fermented, or treated

chemically to release energy." (Biomass I Science Agtivities in Energy.)
In terms of energy it is used as a quantitative tool to help determine the
amount of energy that a given system provides. For example, when one
discusses the amount of Tumber that can be harvested from an acre of land,
one is discussing the yield of that ecological systei in terfs of its
biomass. - . ‘

_ The term biomass describes trees in a forest, kelp in the oceans,

phytoplankton and zoophankton in the seas, waste, alfalfa, and certain

plant conversions: ATl of these have positive and negative aspects which
will be discussed later: : ‘



A1l 1iv#ng matter is composed of carbon atoms strung together in

‘various ways with other chemicals: Atthough the energy stored in these

carbon compounds can be released in several ways, perhaps the most common
method is oxidation. Oxidaticn of an organic compound results in a_
release of energy whereby the compound 1s converted into another sub-_

stance.  When one throws a log of firewood into 3 woodstove, oxidation
occurs. ‘hen the organic matter (the wood log) is oxidized (burned) by

the heat ‘f the flame and the air (draft), the Tower molecular weight

" compuunds (C?éOSUté2 ‘result.

Petroleum and coal represent biomass that existed millions of years
ago. In response to the tremendous pressures and temperdtures experienced

when these plants/animals remains were buried, the carbon structure was

altered. 0il1 and coal are still carbon compounds with many of the same
characteristics of biomass, but these fossil fuels have a much higher
energy content per unit weight than 1iving biomass.

~In photosynthesis; the plant utilizes the energy of the sun to
synthesize carbohydrates from carbon dioxide and water, such as carbo-
hydrate - starch in potato. Animal biomass derives its energy by con-
suming plant biomass,; resulting in_the storage of energy in some form,
such as carbohydrates, fat, or protein.

Biomass represents energy in a stored form. This energy can be used

-for a variety of purposes depending upon environmental conditions. - For
_example; the energy available in 100 .kilograms of biomass might be burned

for heat or consumed as food.
<

How practical is biomass? Meyers and Witt (1981) investigated

. several .biomass sources and concluded the following:

i: Since garbage is dispersed over such a vast area, it is only
practical to collect 16% of the million of tons of waste matter.

2. 7To use arable land to grow alfalfa for fuel is_improvident when
we consider the food shortage. To fuel one 2000 MWe steam cycle
power plant, it takes 250-500 hundred square miles of tillable
land. Not only must one consider the yield but also the expenses
of biomass. With a biomass yield of 10 to 30 tons per acre ,
apnually in optimal dryweight and with the fossil fuel expense to
til1\and to harvest the land at_approximately $150 per acre,
this bioma%i sourge is absolutely inpractical and wasteful.

3. Thé conversion of plants to oil is impractical since it costs $20
for seven barrels per acre and $10 for processing the oil with a
total of $30, which exceeds the current price of oil.

alcohol and by mixing nine parts of unleaded gasoline with the

200 proof grain alcohol; is a viable biomass:~ Meyers and Witt
(1981) concluded the following positive results: . gasoho] powered
vehicles consumed 11:9 gallons per mile vs: 11.2 on gasoline;

carbon monoxide emissions declined 32%, and average hydrocarbon

14



emissions decreased 7%. They found one negative aspett, the.cost of ‘gasohol
per gallon is slightly h1gher than that of gasol1ne// This cost can be reduced.
if gasohol is produced on a larger scale. , - '
e

Trees as a biomass have both' positive and negative aspects. ' The
positive points of trees as a biomass includé the following: (1) yield

a_higher percentage return than other plants. (2) store energy well,

and (3) give off pollution. The negative aspects include the following:

(1) develop demand for wood as a replacement for oil and gas; (2)

produce equipment to burn wood on a small scale, and (3) deve]op the

wood fuel industry.

N If one uses all th biomass sources combined, one will fulfill only
25% of his/her =nergy needs per year. Therefore, even though biomass is a

viable energy alternative, other energy sources must not be ignored.

" STUDENT ACTIVITIES FOR BIOMASS:

Recommended for K-6:

1. “Observe a biomass pyramid to see the energy lost at each
level of a food chain.

2. Go to a farmer's cornfield or any,gré1n,?ié1d. Find out
how many people it will feed if they eat the corn vs. the
humbér that it Wi]] feed if the cattle éat the corn first.

3. Make a study of an overpopulated country ¢ Hypothes1ze why
less meat is eaten in that country.

4, List all the uses for woods €.g., lumbering, construction,
furniture; pulp/paper; etc.

5. Conduct local wood energy use sirveys of their community.

6. ident1fy some of the types of treées that _grow. 1oca11y,
determine the advantages/disadvantages of each type.

7. Dbserve the gtowth rings of a tree; discuss what the rings:
. indicate about the environment and properties of trees.
Recommended for 7- ié d

1. List advantages and disadvantages of burning wood for energy,
*  e.g., cost, safety, convenience, reliability, capacity for
renewal; etcs
2. Calculate the heat equivalents of several common firewoods.
3. Complete a quadrat study to determine the biomass of the
producers and céhSHMéEs in the quadfat -

to plot data
15
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Recommended for K-12

j. Ro]e play representat1ves of var1ous 1ndustr1es as forest

transportat1on, and homes from biomass.

?

Aelson, P., "Bio-Energy," Science: Vol 204, p. 1161, Jure-15,

1979. = -
o e . o\
"Biomass I Scierice Activities in Energy" from U.S. Dept: of Energy,;
Technical Information Center, P.0. Box 62, Oak Ridge, TN 37830.

‘Factsheets #1 & 2’ “Fuels from P1ants, Fuels from Hastes,
N.S:T.A/D.0.E., Oak R1dge, TN.

No.2, 1978, Ar11hgton, VA

* Fuel from Farms: A Guide to Small Scale Ethanol Product1on, SERI/
SP-451-519R, Oak Ridge, TN _(D.0O.E.) 1980:

Hammond, Allen “Photosynthet1c Solar Energy: Rediscover1ng B1omass

Fue1s," Science; Vo1. 197: 745 7465 August 19; 1977:

'“Fue1s from Biomass:" Natural Gas Energy Newsletter, Vol. 8,

Héﬁaéﬁt from R: Hi11._

Summer Energy Conference.

Merra-n & Gage. &W”NY Dell, 1978.

Meyers, Paul A., Witt, Frank C. Our Energy 0pt1ons, 1981 (ERIC
Document Reproduct1on SerV1ce No. ED199 116).

M111er, W1lliam B.., Leth Carol (Eds.) BSCS Green Version,

High School Biol;gy Ch1cago Rand McNally & Company, 1968.

Nat1ona1 Sc1ence Teachers Assoc1at1on Bulletin, EDM- 1043 1

Policies For Use of New England's Forested Land. Bulletin. American,
Forest Institute.

" Shining Examples: Model Projects Using:RenewablegRa#ounces
Washington, D.C. Center Fbr—Renewable Resources, 1980.

USDA Information Bulletin Number 412. U.S. Forest Service.
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OVERVIEW:

1 -

Students w111 become fam111ar w1th severa] s1mp]e _energy-saving
techn1ques der1ved from home energy audits and persona] energy use fionitor=
ing. Students study home weatherproofing techniques. They examine the
local effects of the energy crunch, inciuding compensatory methods. The
students will use surveys of local practices to formulate suggestions for
cutting down on energy use, e.g., the substitution of paper wrappers for
plastic, planned car pooling, and the elimination of styrofoam containers
for the packaging of fruit, vegetables, and meats.

TEACHER BACKGROUND:

Energy and Man's Environment, Inc., (EME) has defined energy conserva-
tion as "the useful life of the earth's energy resources through wise and
efficient management:." This definition impliec. both responsible use of
and conservation of natural, resources. Stobaugh and Yergin (1979) deseribe
three types of conservation: - curtailment, overhaul,; and adjustment.
Curtailment refers to forced. conservation, such as during the coal strike
of 1977 and 1978. Overhaul refers. to chang1ng 11festy1es. Adaustment :

increase unemp]oyment facts 1nd1caue that Such fears are unfounded Industries
which have cut back on their energy use {some by 40% and mgre) have more money
to invest in other areas, such as expansion and increased production. The
fifteen Aost energy-intensive industries in the United States, employ only

6% of the work force, wh11e 1es¢ cihergy-intensive industries tend to be more

ki
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labor-intensive. Americans, with one-sixth of “the worid's population, consume

30% of th. rorld's energy. Sweden and West Germany, which both maintain a

standard of 1iving comparable to that of the United States, do so on less

than €77 of the energy America uses.

~___ ~There are_three prime reasons why Sweden consumes less energy. The
Swedish Volvo and Saab average 24 miles per gallon; the Amercian cars average
13 miles per gallon. Sweden's insulation regulations require that heat loss
does not exceed 0.6 BTU's (British Thermal Units) per hour per square foot _
for any new =difice. The United States' insulation regulations apply to FHA
homes only. FHA requires heat loss not to exceed 12 BTU's per hour per foot.
Angther difference exists in. the use of public transportation. Americans
use pub’ic trangportation 8% of their passenger miles; Swedes use public
transportation 18% of their miles. Co-generation is widely utilized in }
Sweden. Large coal and oil-fired utility plants are located near cities and
towns. Steam, after it has been used to generate electricity,; is piped to
homes .and other buldings to furnish space heating.
Transportation and heatings; each consumes approxiamtely 25% of the total
consume the other 50%. : 7
. , - .
.. _The _growth of electrical usage is an example of wasted energy. Two-"
thirds of the fuel, usually not captured for_co-generation; is lost as waste
heat and in transmjssion over power. lines. Rather than rewarding economical
energy use; rate structures give a 15-30% discount to large géh’éf‘gy users. '
"The proliferation of household electrical applignces and heating sources has
tended te concentrate heavy peak-hour usage; causing the utilities to produce .-

Instead of consuming more energy in the future; bne can choose to .con-

sume less or the same amounts of fuel much more efficiently. While energy
conservation is not an energy source; it can buy us time--the time to develop
alternative energy sources and methods: A recent study. reports that.the U.S:
could meet_all its new energy needs for the next twenty-five years simply by {
productively using the energy it now wastes. Also; a_dollar invested in an
energy conservation method makes more net energy available than a dollar.

- . tion; a barrel of oil saved is more valuable than a new barrel of 0il produced:

Sofe avenues toward conservation include the following: '

Use waste heat for co-generation.

Redesign lighting systems.

Reeycle building heat. _ _

Use waste materials for fuel:

1. In industry:

a0 o
L] » » L

2. In the horie: 3sign mo ficier <
' Landscape for winter protection and summer

oW
o e

~_ shading.. ,
c. Make houses tight with insulation and
- weatherproofing. o v
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Retrofit for solar heating assistance

d. for
e. Orient homes for winter use of sun and
summer use of prevailing breezes
3. 1n transportation: -a. Encourage mass transit and carpooling
b.” Encourage purchase of fuel-efficient

~ vehicles with tax credits

c. Restructure driving habits

d. Revitalize railroad lines )

e. Piggy-back long distance trucks on

i rail cirs
4. In general: : a. Recycle--metals, glass; animal and plant
waste products, paper, plastics-- -
EVERYTHING

b. Conduct energy audits=-of your home,
your driving_habits, 1ife- sty]e,
comfort levels, etc.
. Energy conservation with only one cost chénge of 11festy1e is the most
expedient solution to the energy problem.

STUDENT ACTIVITIES FOR CONSERVING ENEPGY

Recommiended for K-6:

1. Conduct. a traffic. analys1s, ceunt1ng veh1c1es and numbers of

passengers in each and discuss carpooling as an alternative: Can

use bar graphs to represent data:
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Test the 1nsu1at1ngkab1]1ty of var.ous mater1a1s by insulating

~ jars/cans with different insulating materials and by filling the

" jars/cans -with 100°€C. Water. Check these temperatures every 15730
minutes. Compare the rate of cooling. (Refer to I for more

2o, activities.)

T

4. Graph the miles per gallon, model, and make of the Famw]y car(s)
Discuss.

5. Prepare a questionnaire on energy censea}atien Adm1n1ster to
.four persons and compare their results in c1ass

6. Make draft detectors. (Direction on C-3.) Check school windows
for drafts, tnen weatherstw.p the windews with masking tape and
- recheck. Discuss 1nf11trat1on and heating.

ﬁétomménaéa for 7-12:

1. Keep an energy 1og for a few aays Note what activities they

‘perform that require a part1cular kind of energy; discus: which

13
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2. Practice reading an electric metér. Chart family's energy use
for a given time period: (Refer to K is for Kilowatt.)
3. Conduct a home energy audit. . The OFfice of Energy Resources, '

?UQUS?3; Maine 04333; has a computer analysis home energy audit
(REAP). - :
- P

4. Locate two buildingss one insulated and one uninsulated. Record

temperatures at the center of the building, halfway to the out-
side wall and abc.t 1 cm from the outside wall. Chmpa:e-the

_ temperature readings oan each building. Discuss/draw conclusions
on_the effect of insulaticn in energy conservation. List ways
the buildings couid be made-more energy efficient.

—

Recommended for K-=12:

1. Conduct a packaging survey, counting plastic and paperbased
wrappings. Discuss the energy used to produce them and the
possible reasons. for their use. . 0

2. Visit_a power plant, water purification plant; recycling center;
or solar building. Relate these to conservation methods they use.:

3. Fill out a chart on their personal water use. Use Sheet C-1.
Compare and discuss results. Which procedures could one use to
save on hot water? o

4. Participate in a photo/picture contest to demonstrate good energy
conservation. ,

RESOURCES:

Abelson, Philip, ed., Energy: Use, Conservation, and Supply, AAAS,

Washingten; D:C., 1974

Energy Facts (leaflets), Cooperative Extension Service, University

of Maine; Orono. :

Merrill & Gage. Energy Primer: N:Y: Dell; 1978.
Meyers, Paul & Witt, Frank C. "Our Energy Options;" Washington, D.C.:

Department of Education; 1981: (ERIE Document Reproduction Service
‘No: ED 199 116). o

Mordue, ﬁiiéih,; Energy Conservation; Manbato, Minn.: -Manbato State
University, 1979.
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Pennsylyania Uepartment of Education. Pennsylvania's Energy Curriculu
for the: Pr1m4*y Grades; Harrisburg, PA, 1980.

Egnnsy]van1a State.Governor's €ouncil. Pennsyjyanla s. Energy Curriculfim
for Secondary Grades: English. Harrlsbury, PA; 1980:. (ERIC Document
Reproduction Servﬁce No. EB 200 411:) ;

Scherner, 5h§!‘9n (Ed): Conservation of E - 1dea an
Guide. An Interd1SC1p11nary Teacher's Guide to Energy and Env1ron-

mental Activities, Section Eight, 1979 (ERIC Document Reproduction

Service No. 200 424)

Sears Educator Resource Ser1es "An’ Educator s Guide to the Three E's:

Energy, Ecology, Ecofomics.” Sears, Roebuck and Company, 1980: v
Stobaugh, Robért & ?ekg1n, Dan1e1 (Eds.). Future Enéfgi;,Réﬁéfiféffiﬁé
Energy Project at Harvard Business School. New York: Ballantine Books,
1979 '

“Tips for Energy Savers s IOE/OPA 0037, 1978.

‘U.S. Departient of Energy. "Factshest #11, Enérgy'éonservation -
Transportation.” Washington, D.C.
U.S. Department of _Energy. "Transportation and the City." (Grade 3)

Interdisciplinary Student/Teacher Materials in Energy and the Economy.
- Prepared by the National Science Teachers' A550c1at1on, Washington, D.C.,

1979. |
\
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SHEET C-1 -"C" IS FOR CONSERVING ENERGY

" Sample Family Water Use Table

ACTIVITY - ~ | AVERAGE AMOUNT | CHECK FOR EACH TOTAL -
FOR ONE USE : T

taking a ' 20 gallons
shower

taking a 30 gallons
bath _ '

flushing a "~ 3 gallons
toilet : ' :

washing hands 2 gallons
| or face ”

o

drinking 1/4 gallon

brushing " | 174 galten
teeth :

washing dishes 8 gallons

cooking ‘a meal 5 gallons <
- I 5

automatic 132 gallons
dishwasher

_ ooy - . . . »

(other)




. SHEET C=2 6
ENERGY CONSERVATION
Let Us assume that is is necessary to cut back our use of
energy substantially. The Tollowing are proposals to
accomplish this task. VYour goal is to rank these proposals
in order of preference. . )
A.  Lower air pollution standards so industries can burn high
sulfur coal rather than oil or natural gas:
8
B: Ban all driving of private cars on Sunday:
C. - Impose a $10 1imit on the purchase of gasoline.
’ ‘;L,, 777~777”7777 o I
+ D. Double the price of electricity and natural gas to discourage

- household use.

E.  Ration gasoline so every driver can obtain only a certain amount.
F. Allow the price of energy to .float until it reaches the market price.
,G' Allow Qaséifhe to be purchased opiy on &n odd/even system.
H Ban the use of recreational vehicles and air conditioners.
I. Nationalize the oil companies. | | -
Rank your preferences with 1 being your first preference, and
9 your lowest preference.

Rank * Proposal

L ' Highest

N

oW

0 N v o

Lowest

Directions:
1) Have students rank their preferences.
2) Discuss the. implication of. their ranking:

11




1S YOUR HOUS N
DRAFTY?

MATEQiALo

Pencil (a long strip of poster bearé Works wel! , 100)

Scotch tapé (double- stick tape is handy)

Plastic food wrap f ;
— : : . . :T_’..;__;.. ——— . —c—

Make a draftometer by - | :

followmg these instructions:

: ( ] Tape the wrap to the pencn‘

tape
tohold ) Blow the plastic gently and

astic ; el SR Tt TR T P T
wns |- see how freely it responds
o pencit to air movement.

plastic
food

i wrap ) \
L_{,__,/ ~— .

NOTE: Forced air furnaces must
be off to use draftometer
or you'll get talse drafts.

Test your home for air leaks by holding |
the gadget near the edges of windows (
~and doors. '
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OVERVIEW:

_ Students should understand the current energy needs and the ways
of meeting them if they desire to project future energy uses: This
topic will help the students develop an understanding of ‘the different
nieans Of producing and using energy.

TEACHER BACKGROUND:

__ What will the turn of the century bring? Each of us has undoubtedly
Speculated; guessed, and wished about 1ife in the 21st century. Each of
us would werhaps paint a much different picture of 1ife in the year 2000:
The experts have made the following projections for energy:

A4

,,,,,,,,, A comprehensive study of the future recently completed by our
government warns of a world that will be increasingly crowded, hungry,
polluted, and unstable by the year 2000, unless international action
heads off the problems. _Former Secretary of State Edmund Muskie,
presenting the massive stiudy "Glebal 2000," said, "Worid population
growth, the degradation of the.earth's natural resource base, and the
spread of environmental poliution collectively threaten the welfare of
mankind." Global 2000 is not a prediction. If we begin now, we will
say in twenty years that Global 2000 was wreng. What a glorious
achievement that would be T But specifically, what are the projections
Or our energy future?

.. A recent report of a panel on energy future assembled by the

National Academy of Science looked at 4 different plausible scenarios




for gnergy demand in the U.S. The scenarics were constructed out of

careful engineering anaiysis of trends in various sectors; combined
with econometric and input-output analysis. The results were extra-

ordinary--that in the year 2010 using almost 20 percent Tess than used
today; vory similar conditions of habitat, transportation, and other
anienities could be provided in the U.S. with continuing economic and
ropulation growth. The fundamentai conclusion is that there is much

more flexibiiity toward reducing energy cemand than has been assumed

in the past. What wiil be the energy sources that will meet that
demand? ’ = .

bound by conventional wisdem,; folklore, the inability to incorporate
political forces, etc:). For example, according to an organizer of
International Sun Day, forty percent of our energy could come from
solar energy by the year 2000 if we make dramatic moves now On' the
other hand, the - itor of World Oil disagrees saying the source (solar)
will have the i:p.act over the next quarter century of "a mosquito bite
on an elephant's fanny." There seems to be two distinct groups seeking

to supply our energy future--the "old solar" versus the "new sclar.”

Many refer to "new solar" as renewable energy resources, i.e.,

wood, wind, water, and, of course, solar: One might also include two
other new energy sources, conservation and recycling, which are-really
old concepts that went out of style with the advent of cheap "old solar®
energy. As a whole, the energy supplied from the "new solar" sources,
particularly solar, is of a low technology .level and of a decentralized
nature. With virtually unlimited supply of "new solar" energy and the
rapidly rising prices of "old solar" resources; the transition is.
inevitable. The transition will-be slow since institutional barriers:

must be overcome, attitudinal changes made; and in some cases; new

lifestyles adopted. For these and other reasons, such as the exclu-

sion of external costs from "old solar" sources in the year 2000; our.
primary energy source will still be “old solar." Excluding conservation,
"new solar"” will probably only contribute 20 to 30 percent to our energy -
needs. As the highly technologized, centralized "new solar" projects

‘come on line, this forecast will change more dramatically in the 21st
century. )

. ,) o - L IinoZoz P
Some people see our energy future based on the fossil fuels; i.e.;

0ij, coal, gas, nuclear, etc. While the supply and-demand for each

jndividual source would vary depending upon the specific industry

giving the report, there is consensus that all would supply energy froii

a highly technologized, centralized source, and all would agree at some
‘paint that theirs is a finite energy resource. Although estimates of
resource availability vary, one thing is certain as the resources become

scarce; prices will.rise and the tide will then turn toward "new solar.”

v

-

D!
»E
-
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Recormended for K-6:

1.

[$4]]

Interview some people in.the community whose jobs have
already been or might be altered by energy uses. Share
with classmates.

Talk to principal and/or parents about problems with
energy consumption in school. Work on ways to reduce
these cests and chart on a graph in the hall.

Check meters in homes to determine daily changes in
energy consumption. {Refer to K is for kilowatt.)

4periment with easy minor home improvements, such as
thicker curtains: Share findings with classmates.

resource speaker

Draw p1ctures or write essays on the types of energy that

they use in their homes today and will probably use in the

year 2000.
List all the things that they do in a 24 hour per1od that

requires energy.

Recommended for 7-12:

1.

Discuss how 11festy1es influence the amount of energy that
peop]e use. : o

Discuss the pios and cons of the different types of energy

nioduction facilities in their community:

Research some alternative energy resources and report on
their findings.

Des1gn a commun1ty complete W1th its own power genorat1ng

facility.

Role play a town meeting 1nrwh1ch part of the class must '\»»~,

sell the idea of an energy facility to the rest of the. c]ass Y

stcuss the concept of Energy Independence. Is 1t
practical? ‘

b
-
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7. Discuss: How Are We Paying for Our Energy Affluence?

' 8. Discuss the idea that a civilization can cont1nue to grow
forever==but at what price? :

is @ither a moratorium in effect or a ]1cens1ng period
for nuclear energy. -

10. D1scuss the dangers or. p1tfa1]s of a]]ow1ng the product10n

large 0il or ut111t1ea companies.

11. Discuss ethics of the U:S.A:'s consuming 1/3 of the world's
energy with only 1/6 of the world's population:

Recommended for K-12:
1. - Determine the energy sources of their community:

Z: B1seuss what Tife would be like if they could only use
5 the energy they use now.

B1scuss the concept of advertising as a reason they use
the energy they do.

(93]

4. B1°qussrthe role of energy conservation and lifestyles
in energy utilization.

5. Ident1fy7tbe7reason§7ggder]y1ng thefghang1ngfeqergy
policy in the U.S. from the 1700's to the present
RESOURCES

Barney,; Gerald A. (Study B1reetar). The Global 2000 Report to the
President of the U.S:; Entering the 2Tst Century, vol. 1, prepared
by the €ouncil on Env1r0nmerta] Quality and the Department of State,
New York: Pergamon Press, 1981. :

—~Carr, D. E. Energy and the Earth Machine: Norton and Comapny, 1976.

Curran, S. C. Energy and Human Needs. dJohn Wiley and Sens; Inc:; 1979.

Halacy; D. S: Earth, Water Wind and Sun. Harper and Row Publishing

Company

. e B i

e =TT favtnett, Js P AltELnaIJve,Energ¥jSources, Academic Press; 1976:
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Reische, D. Energy Demand vs. Supply. New York: Wilson Company, 1975.

Shabad, T. and L. Diences. The Soviet Energy System. W. H. Wilson
and Sons,; 1979. - )

fhirring; Hans. Enérgy for Man. Indiana Un1vers1ty Press, 1958.

Consumgt1on N.T.1.S October 1972
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OVERVIEW: '
.- Students will learn the principles of energy economics and the
importance of energy conservation. -

- .

TEACHER BACKGROUND: .

The principles of energy economics include competition; monopoly,

cartel; windfall profits, supply and demand, environmental impacts; and
scarcity itself. To understand energy economics; one should comprehend

the meaning of these terms.

Economics is the science of allocating scarce resources: Only scarce
resources command a price or need to be allocated. Scarcity compels people
to make choices about the most effective utilization of these resources:
The price of a scarce good represents what a buyer has to give up to get
the good and what a seller has to receive to give up the good. MWhen a good

becomes scafgé; the price usually increases.

Competition exists whenever real or potential producers have the

opportunity to make more profit by lowering their price encugh to sell more

goods (though at a Tower profit on each). If gasoline stations buy gas at
60¢ per gallon and are all independent; they tend to sell their gas for -
about €5¢ per gallon because they need about a 5¢ profit per gallon to stay
in operation: Whenever there is true competition, a station which rajses
its price too _high will lose enough sales that even at the higher price;

its total profits drop because other stations are selling the gasoline at
a lower price. ‘ ‘

P
.
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Monopoly exists when a seller sets a price without losing sales to

competition. If a gasoline station is the only one in town, it will be abls
to chargé more for gas, up to a point when one of three things occur: (1)
its customers use less gas; (2) they find another location to purchase their
gasoline; or (3) somebody opens a competing gas station because it is such a
profitable business. Monopolies are usually undesirable because they can earn
an unfair profit and because they restrict the ava11ab1l1ty of goods.
"Natural monopolies," such as water, natural gas; electrics and te]ephone
utilities;, regulated by the government, are such that once one firm has  _
installed the necessary pipes or wires, it is both expensiv and undesirable
to have another firm compete with them. A monopo]y has two effects: it
makes too much profit and it-sends an incorfect price signal and forces
people to use too little of its own _goods and too much of other substitute
goods. Regulations attempt to eliminate these problems. :

A cartel exists when independent. se]]ers band together to act like a

monopoly. .Some nations approve of selected cartels {usually on the grounds .
that they 1ead to more economic stability); but in the United States such an

agreement would be termed collusion and would violate anti-trust laws: A 7
carte] or. trust,has most of the eeonom1c characté?i5t1cs of a monope1y OPEE

for the cartel's proauct

_ Windfall prof1ts are usua11y taken to mean unexpected or uneamned pro-
fits-especially those that exceed the profit a supplier needed to count on

before she/he went into business: When OPEC placed an embargo on oil in late

1973 and raised oil prices dramatically; U.S. oil and gas automatically were

worth much more than they had been: Since these profits are usually made by

large companies at the expense of people who depend on fuels for heating

and transportat1on, their Unfa1rness has led the U:S. to maintain various
kinds of price controls. . R

Supply and demand are W1de1y misunderstood.. A shortage of fuel does

not mean that people are using more fuel than is produced-it means they want
more than they are us1ng ,

g

Environmental 1mpacts are called externalities by economists and refgrfw )

to goods which are not incorporated in the market. These goods include water, -

fresh air; and a nealthy .environment. These goods are used freely and there-
fore; could be used excessively. N

w!
Pt

e«
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The fol1ow1ng scheme outlines economics and energy

Economics Science
Resources--=-=-=-~==r====mmssm=s-==oooooomsoosos wood Gasohol, Coal ....... g
Want§==c-=s=cc=s==Sc-scscsoscce=c——oc-coo--ooooo- Env1ronmenta~1\ Impact
Néedg....:2::::::::::::::::::::::::::::::;::::_::Ehéf‘gy’ wa.rmth (colnfort ]eve])
Scarc1ty-----j:::::::::::22222-2-2 ------------ Finite Resources
Ch01ces---fE---------—j ------------------------ Type of Energy (amount of BTU'

{/ g 1 Values/Ehoices |
\vgﬁpertunity Costs Environmental Concerns
N . (Pollut1on and . Depletion)

Trade-0ffs ; Safety Marg1ns ‘

- —

Supply and demand are two of the most important factors in economics.

Supply indicates the quantity that sellers are willing and able to offer

for sale at various prices at a given period~f technology; the price of

other pkoducts, resource prices, expectation of producer, and the number of

producers in the market. Demand determines the price of the good and the

amount of the good produced. Five main influences of demand include the

following: (1) consu income
- consumer expectations, (4) prices of other products; and (5) _the number of

consumer preferences or tastes, (2) consumer income, (3)

consumers in the market. . -

Economists have divided energy usage ‘into present, short-term, and

1ong-term They have grouped energy resources into the following categories

(1) petroieum and products, (2) trans1t10na1 _resources (non- renewab]e),, >

‘ultimate resources, i.e., hydro and tidal, wood, solar, dlcohol fuels, w1nd,

‘and solid wastes. <
Questions To Consider:
1. How can conserving energy affect supply and demand?
2. What are your biasus toward various energy sources?. Why? )
3. How do these biases affect your discussion of economic issues
_ from the point of view of worker, consumer, and citizen?
4. How have these biééés cﬁaﬁgéd?
' \

32

ﬁ\‘\‘ :



STUDENT ACTIVITIES FOR ECONOMICS AND ENERGY:

-Recommended for K-6:

1. Pretehd,iﬁét,éhé/ﬁe,ié a form of transportation and tell a story
about it. The story could include pictures, poems, and demon-
strations. : .

2. Complete short reports on whaleés, including what whale oil was
used for, why. the cost of whale products increased; and what _
happened to the number of whal~s. Discuss the relationship of
whales and whale byproducts with pét?d]éum and its byproducts.-

for K110watt,) and have them,keep track of their e]ectrica]

consumption for a week. At the end of the week; compare the .

differenices in Household consumption. Attempt to determine why
. the read1ngs differ. -

foss11 fuels.
5. Issue labels of different industries to the students. Have the
student role play the industry. Let one person play the role
of fossil fuels. Perhaps; have all the inddstries connected to
the fossil fuels: Note what happens. Discuss the implications.
Make posters showing roles of fossil fuels in our economy:

Make a collage of energy uses.

! ~J (o)

7 ~ Set up a contest in which students will try to save the most on
" their monthly electric bills: This will involve reading the

electric meter: (Refer to kK is for Kilowatt:)

Recommended for 7-12:

1. Explain at least three ways that the energy and ecology situations

relate to each of the following economic conditions: inflation,

trade deficits, value of the American do]]ar. unemployment; and

productivity.

2. Bring to class at least three articles from current magazinee or

newspapers cover1ng some aspects of the relationships among

energy and economics.

3. Set up a debate team(s s) -to research and to dispute the following

points:
a. Benefits of nuclear reactor§7y§779i§k
b. Benefits of coal vs: environmertal pollution
c. Benefits of solar vs. cost effectiveness
d. Benefits of 0il vs. source of supply

33
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4, Compare the advantages/d1sadvantages of the internal and external

engine.

=5, Prepare graphs of the u.s. ba]ance of payment with OPEC countries
since 1970.

7. Compare energy values and cost of wood cbéi; and other energy
sources.
8. List as many industries as p0551b1e that are teta]]y 1ndependent

of fossil fuels. Discuss the advantages/d1sadvantages of this
step. .

9. Utiliza the provided .activity lessons on the following:
Hot water audit -

Meter reading

Room er1entat1on pe

D a o ow
» L L] L[] L]

Marketing trip evaluation

,;»?’

,/ e

- 10:  Report on articles in periodicals that are re]ated‘to special

interest groups and how they are trying to affect the types of

energy used or explored. Perhaps, a debate will ensue

11. Do a research paper on various countries' energy consumpt1on and

production policies. Correlate their findings with what is

happen1ng in the Un1ted States

12. " Conduct a poll of gasol1ne consumers. Set up hypothetical

situations and ask them to respond. Use different costs per
gallon. _

~ Recommended for K-12:
1. Prepare a list of ways that their families have conserved energy.
2. Analyze why certain energy resources cost more. Consider supply
and demand’

3. Investigate energy econom1cs around the home and school. Discus~

ways of becoming more economic.
4. Complete crossword puzzle, Sheet E-1.

5. Hold a town meetng in wWhich energy needs and energy conservation
for the school, home, and town are discussed:

34
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ACROSS

2

5

10

11

A plentiful supply of means
or resources.

Smallness of quantity or _
number in proportion to the
wants or demands.

A condition existing when
prices rise and money goes
down in value.

A description of a time when

most people are employed
and prices are not rising
rapidly.

Term describing need for or
'caH for a oroduct

énothér country for the
purpose of selling thém

at home.

When a country irnports more
than nt exports to another

Produc*s produced in one's

own country:

19

20

22

23

24

When the government sets a
limit on the cost of a product
to consumers (2 words)
The amount of goods actually
available.

A branch of lndustry whrch
comes up with new ideas and
rnew products. {3 words)

When th eﬁrefrsfmoﬁrefof?a

product than is needeo
or wanted.

A sign of the health of the
economy. {2 words)
Tolimit the amount of goods
available to the public when
supplies are short.

DOWN

1

The amount of money asked
or paid for a product.

3 Term describing the amount

of money countries owe one

another for imports and
exports. {3 words}

/'

When a country sells goods
by carrying or sending them

 to another country.

12

14

17

21

A condition in the market-
pléce which may Cause
prices to go down. -

A state existing when people
are out of work.

What is gained ard Iost when
certain decisions are made:
{2 words}

A temporary decline in busi-
ness activity when business
has generally been good.

When a country limits all
trade or trade of a.cértain

product with another country;
A perlod of time with a busi-
ness slow down. increased .
unemployment, falling prices.
and lower salaries.

A unit of money for payment
of goods.
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OVERVIEW:
~ The student is introduced to the concept of how fossil fuels are
formed and why they represert a limited resource. They explore the

type of energy derived from tussil fuels, the U.S. dependency upon
them, and-the advantages/disadvantages of each:

TEACHER BACKGROUND:
 Fossil fuels consist of coal, crude oil and natural gas: They are
\\\ produced when organic matter is trapped undér sediment and buried for
long periods of time at varyrhigh temperatures.

i

__Coal, the most abundant fossil fuel, is "a combustible sedimentary
rock_formed from the remains of plant 1ife" (Foley, 1976, p. 115), A

Although coal is found throughout the world, approximately two~thirds of
the coal reserves are located in the United States, the Soviet Union, and
China. The United States has almost one~third of the coal reserves. It

is estimated that the present known coal reserves could last more than .
200 years: . Two-fifths from underground mines §mgst]yweast of the Mississippi)

and three-fifths from surfaces or strip mines (in both the east and west)
make up the United States' known coal resources: CJ
; : ;

_ Coal undergoes coalification which describes the procegses of changes
from peat to anthracite:. The follewing are the main types/of coal: 1lignite;

bituminous; .and anthracite. Temperature and pressure, both increasing with
depth; decide the conditions in coalification. The better coals are found
in greater depths. The original vegetation deposits, the kinds of silts.
where decay happened, the degree of the decay prior to sealing the deposit;
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and the geological processas determine the characteristics of the coal. .

Although the original vegetable deposits consist of carbon, hydrogen, and
oxygen produced by photosynthesis, through the process of coalification

" the level of carbon increases: Anthracite has the highest level of carbon.

The use of coal is determined by its characteristics.”

Natural gas is relatively nure in composition; its combustion yields

mostly carbon dioxide (CO,) and water (H,0): Unfortunately, the oils and

coals contain impurities; such as compounds of sulfur and oxygen as well

as salts and water: When these sulfur compounds and_nitrogen compounds _ _

and water, are burned, they produce environmental pollutants, such as sulfur

dioxide (S05); nitrous oxide (NO»); and particuletes. These pollutants can
'be,reduggd,%yvgurningffggl;f;ha;fgré Tow in impurities; by using the Tow

sulfur coal and by "filtering" the exhaust gases of facilities that burn
fossil fuels. The 165,000 wells across the nation supply 26% of the nation's
energy needs. New gas fields exist in the Rocky Mountain Region and the
Gulf coast of Louisiana.

Crude oil is composed of a heterogenous mixture of hydrocarbons

ranging from the heavy weight fractions; such as lubrication oils; to the
light.weight:fractions, such as gasoline/kerosine. The differential weights
of these fractions can be utilized to separate the different compourds either
by using simple fractional distillation process or by employing a catalyst

to "crack" the larger molecules into smaller ones--Catalytic Cracking.

Our industrial society was created around the different fractions

obtained from crude oil; our transportation systems are based on a light
weight 1-20 carbon atoms per moletule liguid possessing a certain energy
density (gasoline/kerosene). We heat our homes with another Tight weight
high energy density 1iquid--heating oil; our machines operate only

because of the friction reducing effect of Tubricating oils. Our society
hds not only become "hooked" on the energy available in the diffe-ent
fractions of crude oil, but also on the characteristics of that’ particular
fraction: "In 1980; Americans consumed-more than one fourth of the world-
wide production of 60 million barrels a day.” For example, ethanol can
power an internal combustion automobile as well as gasoline, but one can

not go as far or as fast as one could with gasoline: Thus; we can see that
the problem of finding an energy alternative is more complicated than Tocat-
ing a material that will provide energy for it must provide energy in a form
that is convenient for us to use. Convenience is a key concept in helping

is understand wny the United States has approximately 5% of the world's
population, but consumes 35% of the world's energy. convenience is also

responsible for much of our pollution problem. For example; gasoline is
much more than a simple fraction derived from crude oil. It starts with
this fraction called "straight run" gasoline, and adds all sorts of chemicals.

when these additives are burned, they contribute to the pcllution:

Althotigh each of the three fossil fuels has many advantages and disad-
vantages, only three will be listed. ~ »

Advantages/disadvantages of the three discussed fossil fuels:



2.

3.

Coal

A.

B.

Advantages
1. Availability
2. Abundance - level of product1on for at least next
- two hundred years
3. Security of supply
Disadvantages
1. Manpower (possible strikes and declining)
2. Transportation
3. Environmental concerns

." Proper reclamation of mine sites

d i
‘b. Global elimatic changes created by, 1nereased

_ carbon dioxide from burning coatl:

¢. Emissions from coal stacks that do the

following:

—~T1) Erode buildings
(2) Poison lakes

(3) Damage 1Ungs

Natural Gas

A:

B:

01
A.

B.

Advantages -
1. Clean,; without a waste d1°posa1 6?651éﬁ*
2. Convenient - mostly produced in the U.S.
3. Cheap ,
Disadvantages:
1. Ingg§t[3§]”;ustoners re]gg;ant to switch tc natural
- _gas because of incremental pricing.
2. Federal price controls
3. Decreased production -
Advantages
1. Convenient
2. Multi-purpose
3. Amount of BTU's per gallon

Disadvantages

1.
2.
3

Dependerice on imported 011
Limited new comestic wells
Environmental implications
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Distribution of Fossil Fuels:

Distribution of oil:
Middle Eastern countries 53¢
African countries = , 16%
The U.S.S.R.; Romania & other eastsrn 15%
European countries
u.s. o . 5%
Other countries throughout world 11%
Distribution of natural gas:
L'.S.S.R. 30%
U.s. | 16%
Iran ' _ 11%
Algeria 6%
Other countries 37%
Distribution of coal
u.s. L o 33%
U.S.S.R.; western Europe; and China 67%

As our energy demand increases, the pressure on a finite resource,

such as the fussil fuels, translates itself into energy shortages. Our

society depends upon petrofuels.? This dependency, we have not curtailed.
If this '2pendency continues,; the United States will witness not only

environmental but also political and economic implications:

STUDENT ACTIVITIES FOR FOSSIL FUELS:

Recommended for K=6:

1. List all the products that are vade from petroleum. (Refe- to

to "A Is For Approaches to Problems Related iy Energy Shortages.)

| 2. Make posters to demonstrate ways we 3re deoleting the world oil
reserve_through extravagant or wasteful activities and ways ve
could slow the process.

3. List substances in their daily lives that are produced from

fossil fuels. Cut pictures from ragsezines that illustrate
uses of fossil fuels:
4. Prepare postérs on fossil furl preducts.
5. Prepare bar graphs showing how oui energy needs Fave increased

from 1850 an< how our energy uses have maved from cod] to petroleum.

6. Compile a Tist of their daiiy oil uses and possible conservation
steps.

d i
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Play "Energy Use Inspectors” and four school and/or hoiies to

inspect how fossil fuels are used. List the wise and wasteful

~|

uses of fuel consumption.

8. Leccate on a map the major coal, oil, and gas producing areas in

the United States.
Recommended for 7-12:
1. Discuss why fossil fuels are a non-renewable resotrce.
2. Make pusters to demonstrate how crude 011 is refined into the
various products which we use. =
3. Discuss the types of pollutants that are produced when fossil

fuels are burned_and what can be done to reduce these pollutants.
Discuss the.results of these pollutants. : N
4. Discuss the reasons why the U:S: has:such a high per capita
consumption of energy:
5. Debate whether we should increase the use of coal. (If we

continue to use coal at the current rate, it will last for about
200 years.

6. List the ways driving habits contribute to energy waste. Explore
ways to conserve. .

7. Use the diagram below. Research the cost of the energy Sources.

After finding the cost, determine which energy source is cheapest

in their area: e

: Heating Unit | -

___——""1 100,000 BTU's T\\;\<*<E§;

20 1bs wood o 22?// J, Ny 30 kilgwatt hours .
or £ L Vv ‘U - of electricity

17150 cord 6 1bs 15 1bs ~ 1.gallon 120 cu. Tt.

of wood propane coal gas natural gas

Recommended for K-12::
1. Discuss what it would be like to Tive in a society without fossil
fuels. |

RESOUREES :

"An Atlas of America's Energy Resources,” National Geographic,
February, 1981, 58-63.

Bailie, R.C. Eneray Conversion Engineering. Addison-Wesley Publishing
Company, 1978.
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Macmiilan Publishing Company, 1975.
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Curvan, S.C. Energy and Human Needs. John Wiley and Sons, Inc., 1979.
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Proceedings from the workshop held at M.I.T. on November 29, T975.

Foley, Gerald. The Energy Questien. New York: Penquin Books, 1976.

Fowler, J.M.  Energy = the Environment. Washington, D.C.: National
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Compendiun. Washington, D.C.:  Hemispheng PubTishing Company, T978.




OVERVIEW:

The student is introduced to the idea of what geothermal energy is

and its re]at1ve importance in the total energy picture.

TEACHER BACKGROUND:
GEO (meaning earth) and THERMAL (meaning heat) represents heat
supplied by the interior of the earth. Geothermal power, or energy, is

power generated by natural steams or hot water beds. trapped below the
surfaee of the earth. The steam from the geotherma1 source can be used

oql,ucaalinor nuclear plants.

There are three forms of geothermal energy that we can tap:

1. -Hydrothermal Reservoir. These reservoirs have natural circulating
hot water or steam and are of the most desirable tyvpe. The geysers

in California are examples of this type. The steam that they
generate .can be used to turn turbines to produce e]ectr1c1ty

2. GeogressurengeserVo1r The geopressured reservoirs are mgdgfi
up of porous sands containing water or brine. The water is hot
water or pressured water and can be used_to power a turbine:

5y ‘ :

1=y
(I8 Gy
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3. “Hot Rocks" Reservoir. These systems are widely distributed.

; Tf we drill deeply enough, they should be available everywhere.
It is estimated that the earth's temperature in most places -
increases at 100°F per mile drilled; however, geothermal power
plants need a minimum temperature of 400 to 500°F to operate

and water tends to cool down With increased distance from the
sotrce of heat. ’
Geothermal energy is not a new idea, for as early as 1890 homes were

heated by natural streams in Boise, Idaho. The countries of Italy, New
Zealand, and Japan have been generating large quantities of electricity

from geothermal sources for some time. Most homes and brildings in Iceland

are heated by geothermal power. : < :
 Currently, only one area in_this country produces sufficient
geothermal steam for a large scale production of é1éctricity,,”Thjs,arggéujz” o
is the geysers region north of San Francisco. We are presently producin
.1 percent of the total energy needs for this.country by geothermal power.
~ How practical is geothermal energy? In theory, getting geothermal
energy is a simple task: The energy is extracted from the ground by _
tapping the ground water. The water is then directed to a power plant
which in turn will generate electricity. In _practice, however, the
process of obtaining geothermal power is difficult. It is difficult
to determine the approximate area of the hot rocks. It is estimated that’
the hole has to be at least 30,000 feet to 50,000 feet deep. The
steam reieased is rich ir minerals and caustic chemicals. However, some
of these elements can cause rapid deterioration: of the steam- turbines and
may clog pipes. - ' . '
Wwhat are some advantages of geothermal energy?

*1. It provides another alternative to our energy problems.

2. Most of the problems of thermal energy are localized in nature.

Most people seem to agree that the technology required to

overcome the problems is not as complex as fossil or nuclear
problems. '

3. It may offer less of a pollutant threat than either fossil or
~ nuclear energy. ;

What are some djsadvantages of geothermal power?

tenance. The hot water is very corrosive and the mineral

deposits in the pipes cause problems.

1. Geothermal power plants take a considerable amount of main-
5. Geothermal power has a limited geographic lecation. Most of

~ this energy is found in the geyser areas such as Yellcwstone

- National Park, New Zealand, Iceland, and Japan: Ninty-five

percant in the contiguous United States lies in the western
part of the country.
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3. fhe plants are generally small and capable of supplying from
50 to 100 megawatts of electricity. A fossil fired power ﬁ]éqgﬁ.

can supply 1000 megawatts of electricity.

4. New wells must constantly be sought out and drilled to
maintain the supply flow. O01d wells continually decrease
in output.

5. Large land areas are required, between 3000 to 5000 acres for
a 1000 megawatt plant. Part of th%s land becomes cluttered up’
with pipes. ¥y

6. Geothermal energy also presents environmental problems:

a. Blowouts similar to oil blowout can occur -and cause
~ damage to plant and animal life. S
- b. Gaseous pollutants such as ammonia, hydrogen sulfide and

radioactive gases can be discharged in the atmosphere.

Draining_of the water from the well may. cause cave-ins.

Noise pollution. L
Seismic activities - possibly.

~

(1] =re}

STUDENT ACTIVITIES FOR GEOTRERMAL ENERGY:

Recormended for K-6:
1. Locate places on earth that utilize geothermal energy:

2: Heat a.piece of rock on a wire gauze for five minutes ang slowly

place several drops of water on the rock. Record what Wippens

and how this could happen in nature.

L

3. Locate and investigate underground houses and observe the

relevance of geothermal conditions.

4. Research the underground potato houses ' Maine:
Recommended for 7-12:
1. Investigate the experimental Geothermal Project in New Hampshire.

2. Investigate and evaluate some of the newer relevant magazines:
Next, Futurist, Science 81, and Science and‘Technalbgy. : N

3. Investigate and evaluate Iceland's 90% hééi energy by geothermal.

4. ldentify some of the pollutants associated with energy production
from geothermal sources. Compare this with pollutants from other
sources. . E _

5. Compare electricity that is generated by heated steam-with

electrical production from vil, coal, nuclear.
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Recemmended for 7-12 = continued 3

6.

Discuss the factors (economic; social legal) which determine how
much/1ittle power a cammuhity requires.

Take the earth s temperature:

Materla1s 1 gallon can, sand for can, 300 watt bulb, thermometer-

0-100°C and long enough to reach the bottom of can, metric ruler;

cardboard box to contain can, dnd scissors:

-‘Procedures: a. Set up as shown in diagram; Figure 1. b: Place

1ight about 30 cm above the sand: c: Turn on light and heat sand

for 15 minutes. d: Starting at the bulb end of the thermometer,

place masking tape every 2 cm. Do not place tape over the scale of

the thermometer. e. Remove the 1ight source and take the temper-

ature of the sand at the surface after 15 minutes: Continuve to push

the thermometer down 2 cm increments and repeat the temperature taking

every 15 minutes f. P]ot on graph (Figure 2). (Sheet G-1)
Plot the following data (F1gure 1) from a wel] dx111ed 8Km into the

earth's crust on the graph (Figure 2):

a. ‘Calculate the average change in temperature (temperature;grad1ent)

for each Km in depth:

b. ‘Calculate the temperature

culat ure O¢ at the center of the Earth
(approximataly 6;350). (Sheet G-2)

‘The Earth's crust consists of a number of plates that moves approx1-'

mate]y a few centimenters a year. Figure 1 illustrates a thin

oceanic crustal plate moving gradually downward and below a thicker

continental crustal plate: The movement aften produces molten rock;

magma: Make a key and color the oceanic crust, continental crust,

magma, hot rock, oceans, and volcanic rock: What will occur where

the magma comes to the surface? (Sheet G-3, Figure 1)

An_intrusion in the crust exists (Fig. 2) because the magma has

‘melted the bed rock. After studying figure 2, discuss -the following.

questions. .

a. What is the main source of the geothermal heat? -
b. How does the rainwater penetrate the geothermal heat?
c. How does the heat penetrate the water?
d

Where. wou]d 1ou place a gevser or hot springs in figure 2?

Recommended for K=12:

1.
[ )

occurring geothermal resources. Relate these areas to population
centers ‘

Locate the ared in the U.S. that m1ght be su1tab1e for natura]ly

",;\A.
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IS FOR HYDROELECTRIC POWER

OVERVIEW: _
Students will obtain a basic undérstanding,of some of the factors,

both positive and negative; involved in the production of hydroelectric
power. Also; they will investigate the current energy output of hydro-
electric power and the potential output if new sites are developed.

TEACHER BACKGROUND:

‘ We 1ive in a world of energy transformation: Hydroelectric power
is one way to transform the energy in moving water into useful work. The
sun's energy is used to raise water as:water vapor to elevations above sea
Tevel. Elevating the water above sea level imparts to the water an

energy "pontential" because the energy used to move the water is now stored
in that water much 1ike the energy used to wind a spring is stored in the
spring: -

- ___This potential energy is transformed into kinetic energy as the water
(water vapor) falls as rain or snow. Kinetic energy is theé energy of
motion; it is this type of energy that can be trapped to do useful work
for mankind. About 30% of the rainfall in the U.S. becomes runoff. The
other 70% is evaporated, transpired, or absorbed.

~__ The availability of runoff for hydroelectric power depends on rain-
fall and topog~aphy: Once rainfall and topography provide a source of

water; then hydroelectric potentfal may be calculated by the formula:

P = AVHe
11:8

e
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where P equals the power expressed in kilowatts, A equals the average cross

sectional area of the stream or river, V represents its velocity in feet
per second, H represents the height of the water above the position of the
turbine (in feet), e is the overall efficiency factor (between 0.50 and 0.70)

and 11.8 accounts for the density of water and conversion from foot-pounds
per second to kilowatts:
It can be determined from this_formula that power is directly propor-

tional to the area of water, its-elevations, and its velocity. Therefore,
two foot by two foot stream; flowing at a rate of 1 foot per second through

a fall of ten feet (very substantial) with a 70% efficient turbine could

produce 2:37 Kw.
4 = 2.37 KW

11.8

The e representing the overall efficiency factor is especially impor=

tant because although efficiency can be determined and predicted by scientific

and mathematical formulas, the choice of a system demonstrating a particular

efficiency ratico is a human choice. When studying hydroelectric power, there
are many subsidiary human choice issues to consider.

Hydroelectric power provides us with another enerdy source, but it does
have several drawbacks. Economically, it is not feasible to develop all

the world hydro resources since water is needed for other purposes, such as
navigation, fisheries, and irrigation. Also, construction of hydroelectric_
is very costly and time consuming. Another consideration that environmental-

ist frequently address is the flooding of our wilderness.

Hydroelectric power cannot produce energy on the same level as the

fossil fuels, but it is a definite viable energy source.

STUDENT ACTIVITIES FOR HYDROELECTRIC POWER:

Recommended for K=6:

1. Locate water in its three forms on the earth, and diScuss the means by

which water is recycled (ice to water to vapor to rain, etc:)
2. Invite a representative from a hydroelectric power station to the class

to describe how a dam helps produce electricity.

3:. Make a political map of their state ind highlight hydroelectric power

sites on their maps.

4. Draw a map of their state and identify at least five major rivers; their

direction of flow,and the points of origin and completion.

”
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5. Find and identify tne Mississippi River and five of its tributaries: .

Recommended for 7-12:

1. Calculate energy supplies from a variety of situations, including -
steeply sloped streams vs. nearly level streams, slow vs. fast streams,
large vs. small streams; and efficient vs: inefficient turbines:

2; V1s1t a local hydroe]ectr1c site and calcu]ate the amount of energy
produced: , .

’

3: Research the first s1*e in America to use water power as an ‘energy source
in the processing of wheat (South Berwick; Ma1ne) - .

1820- 1840,

Graph the amount of water power areas in the United States over ‘the
years 1800-1980: A decrease should be noted in the amount ‘of usadge.

(&3

6. Investigate the amount of hydrnelectr1C1ty 1n relat1on to other types
of energy production in their state. s ,

7. Choose a hydroelzactriec site and u51ng a map determine the watershed.

D1scuss the seasonal variation and electricity produet1on

8. Locate all the hydroelectric sites in the state and determine why [

they are located at these sites and what the power production is from each

9. Bu11d a Waterwheel Operate ‘it as avershot; undershot; and breast.

a. Pred1ct first, then measure change by changing ve1ume; speed,

) etc.
b. Calculate efficiency of wheel.
c. Make all the appropriate measurements and estimate watershed

(runoff, w1dth/deptn/ve]oc1ty, and the power potential of -the

stream if dam is built. Use a stream in the conmunlty

Reconmended for K-12:

1. Examine a stream or runoff to observe different flow ratesrbased on. -
width, depth, slope, and natural obstacles. Flow rates can be simply

est1mated by floating objects. Have students exper1ment with damm1ng,

noting the force which the confined water exerts.
RESOURCES:

Carr, E.R. Energy and the Earth Machine. Nbi;éﬁ and Company, 1976

Curran, S.C. Energy and.-Human Needs. John Wiley and Sons, Inc., 1979.
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Foley, ¢ .rald. The Energy Question. New York: Penguin Books; Ltd:;
1976. '

Fowlar, J. M. Eneray and the Environmer :. Source Book. Washington,
D.C.: National Science Teachers Associe ‘on, 1975.

Halacy, D. C. Earth, Water, Wind and Sun. Harper and Row Publishing
Company, 1977,

Lovins; A.B. World Energy Strategies. Friends of the Earth Inter-
national, 1975.

Oatman; E. F. Prospects for Energy in America: H. W. Wilson
Company, 1980.

Stonar, C. H. Producing Your Own Power. Rodale Press, 1974.

“3irring, Hans., Energy for Man. Indiana University Press, 1958.
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\_____ Students learn the importance of proper insulation practices in energy
conservation. They investigate the different types of insulation muterials,

their R-value and their cost. _Also, information and procedures for insulat-

ing homes will be presented. The students will determine the advantages/

disadvantages of insulating their homes.

TEACHER BACKGROUND:

Home insulation is one important way to combat the increasing fuel bills:

Properly installed insulation is one of the quickest and most cost-effective
way to reduce the cost of home heating and cooling. Governmental and private

agencies and utility companies have recognized the need for insulation.

Although any material which resists héat flow is potentially insu -tion,

the homeowner must consider such things as availability, cost; fire resistancs,
mildew, deterioration of performance, health hazards, odors, and other things

in selecting an insulation for his/her home.

_Over ‘the years, the insulation industry has developed these principal

substances for use in home insulation:



50

Material ' Form R-Value @~ Costs
' - (per inch of ~—
thickness)

Glass Fiber Batts, Blankets, 3.0-4.0 Low

Mineral Wool  Loose Fill 3.0-4.0 Low

Cellulose Fiber Loose Fill 3:5-3.7 Low_

Vermiculite Loose Fill 2.2-2.3 Med1um

Polystyrene Board Form 4:0-5:0 High

Urethane Board, Foamed 6.25 High

Ureafor Foamed 4.6-4:1 Medium

maldehyde

- Insulation is rated with a.R-value: This number tells the resistance
to heat flow. The larger the R-value; the better the insulation. One

_brand may be thicker than another; but if the two are marked with the same
R number, they resist heat flow equally.

‘Batt and blanket are flaxible fiber glass or mineral wool materials.

The batt insulation is usually 4' long and available in 15" ‘and 23" widths.
Blanket insulation is on a roll and can be cut to the desired length.

This type of insulation is best suited to ¥it between studs; rafters and

joists with 16" or 24" spacing. They are sold with or without a paper _

or foil vapor bai er. Both are flame resistant and are easy to install.
Vapor barriers diaiinish the flow of moisture through insulation to prevent

condensation. Vapor barriers should be Tocated on the warm side (inside).

Loose fill insulation consists of vermiculit, mineral wool.:glass Fiber,

and cellulose fiber. It will fill irregular spaces and can be poured
between the joists of an attic floor. It can be blown into a wall cavity

. between the studs. Vermiculite is a pcorer and, consequently, more
expensive insulator than the mineral wool, glass, or cellulose. Loose-

fi11 glass fiber is better than the vermiculite, but not cellulose fiber:

Loose fill insulation must be adequately vapor-proofed on the inside of the
house with an approved moisture resistant material. Loose-fili insulation

is best for horizontal spaces because of its tendency to settle in vertical
spaces and; consequently; to leave cold spots. .

»

Rigid.insulation consists of twoe basic types. Polystyrene is a _
plastic foam board; blue or white in color. This board form is either
extruded or molded and has a lower R value than the urethane. Urethane

. has the highest R value of any commonly used insulation material. This
material is extremely flammable and should be covered with a fire resistant

material,; such aluminum foil. Urethane can be sprayed as a liquid onto an
open wall, or is available in board form:

Foamed-in-place ureaformaldehyde is new on the insulation market and

is suitable for filling-a wall cavity. Propar application is extremely

important to obtain complete coverage, without void spaces, and to keep
shrinkage to a minimum and the R to a maximum. This form of insulation
is illegal in some states. It Ts legal in Maine.

ot
\f‘
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. _In completely uninsulated homes, the most &ffective and economical
insulations are the 120se fill mineral wool or cellulosé fibar. These may
be efther poured in manually or blown into the wall and attic cavities by a
commercial installer: It has been estimated that the cost of insulation is
recovered in one and one half to four years.

- .In homes under construction, the most commornly used insulation is batts
or blankets on the walls, rigid insulation ocutside the foundation; and

blankets, bz"ts, or loose insulation in the attic.

STUBENT ACTIVITIES FOR INSULATION:

Recommended for K-6:

1. Survey the type of insulation found in their personal 1iving

quarters. Determine whether more insulation is needed.

2. Test the benefits of insulation by filling one insulated and

one-uninsulated jar with the same amounts of water, heated to -

the same temperature. Cap both jars; record the temperatures

of each at half hour intervals until they reach room temperature.
3. Take a walking field .trip to a local home.under construction.

Determine what type and amount of insulation is being utilized.

4. Examine a bag of insulation. Discuss the label and different
" R-values for the various thickness:
5. Compare the temperature readings of an unheated room or garage

to an unheated but insulated room in the school or home.

6. Take a shoe box:. €ut a 10cm® hole in one side: Place a heat

source such as an incandescent lamp inside the box which is
placed upside down. Tape various cut out materials over the
10cmZ openings. Record the temperatures on the outside of the
various materials; e.g., wood, aluminum, foil, fiberglass,

beadboard,; etc:, to determine @chhAis the best insulator.
7. Check the R-values for different building materials: Discuss
which materials would be best in schoul, their homes, new homes

being constructed, business, etc. !

8: Observe the common characteristics in all the insulation types.

Explain how they slow heat transfer. ,

Recommended for 7-T2:
1. Determine temperature difference betrzen the flocre and ceilings
as it relates to the insulation in our buildings. Put a ,
thermometer on the flvor and hang ancther near the ceiling. -

Allow at least 5 minutes for the thermometer to register: Then

read and record their temperatures. What is the temperature
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difference? In other rooms? There is a direct relationship

between h1gh temperature differences and the amount of

insulation in the walls; fioors; or.ceilings: Another experi-

ment could be condiicted in the classroom, gymnasium or other
rooms in the school.

2. Discuss several kinds of weatherproofing and insulating materials

as to efficiency, cost, and ease of installation. Small

quahtnt1es of various materials could be acquired for experi-

mentation.
Recommended for K-12:

1. Determine the school wall insulation by placing one thermometer

against a wall and placing another thermometer in the center of

the room: Make sure that the two thermometers are at the saiie

height. If there is more than 5°F difference between the two

thermometers, the wall is probably not adequately insulated.

This activity can be dcne at several locations in one room or:
the students can repeat this activity at his/her Hoiie.

RESQURCES::
Cooperative Litension Service. Energy Facts-Insulation Materials.
University of Maine at Orono, Orono, Maine.

Englisby, John M. (consultant). ‘“Insuylation Awareness", 87 Jean Ave.,
Hempstead, N.Y. 11550

Extension Office. Insulating the Home. University of New Hampshire,
Durham, New Hampshire, 1978.

In_the Bank or.Up the Chimney. Supt. of Document or Maine 0:E.R.,
August 1977. _

Maine Office of Energy Resourceés. Insulation Facts: AHQHSta; Maihé{

1979.

National Mineral Wool Insulation Assoc1at1en, Inc. éamm{t NéW'Jersey,
1378.

Rothchild and-Tenney. The Home Energy Guides N:Y:: Ballantine Books;
1978. -

Shurcliff, William A. Super Insulated Homes and Double
Brick House Pub. Co.,; Andover, MA, 1981.
U.S. Department of Energy. Energy Conservation in the Home: Prepared

by University of Tennessee, Knoxville, Tennessee, Octokter, 1977

U.S. Departiment of Ebéfgy Conservation 1--Teacher's Guide: Technical
Information Center. Oak R1dge Tennessee; February, 1980. '
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IS FOR JOBS THAT ARE ENERGY RELATED

OVERVIEW:

Students become aware of existing energy-related job opportunities.

This can be accomplished through reading; resource speakers, and; if
possible; tours of energy-related businesses: By considering the ways
in which old industries, e.g.; wagon manufacturing were supplanted by
new, e.g.; automobile manufacturing, students will become aware that new

Jobs arise_when ol1d industries; jobs; or concepts become obsolete or
impractical. _In addition; student awareness of locally-available energy-
related jobs is heightened by personal contact with employees.:

TEACHER BACKGROUND:

~ As a result of the energy crisis, schools are beginning to realize
the netessity for introducing energy career awareness programs. These
career awareness:programs must inform the Students of all new emerging

careers in energy. As new energy sources are explored, new careers in
energy will emerge. The school must not only institute career awareness
programs in energy, but also must develop multidisciplinary curricula
that will assure a broad-based education since energy concerns are
multifaceted, i.e., political, economic, social, ethical, and scientific.

_ - The accompanying chart from the U.S. Department of Labor and Odom
Fanning's February, 1979 article in Career World 2 is a sample of the job

opportunities of the present and future energy careers.
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~Job Name

Usual Training
Reguired

SOLAR ENERGY

solar engineers
electrical
~ engineers

' design engineers -

architects

envir. engineers
civil engineers
architectural
technicians
engineering tech-
nicians
engineering.
. technologists
sheet metal
_workers
plumbers
electricians
ironworkers
welders
laborers
equipment operators

graduate degree
4-year college
4-year college
graduate degree
4=year college
4-yedar college
2-year college
ﬁ:yéar coiiege
apprenticeship
apprenticeship
apprenticeship
apprenticeship
apprenticeship
on-job experience

on-job experience

1ncreas1ng
increasing
steady
steady
increasing
steady
steady
increasing
increasing
increasing
steady
steady
steady
steady

steady
steady

a new field

specialization often
~_necessary

energy planners

demand high in
some areas

demand high in
some areas

important in solar
field

OIL INDUSTRY

petro]eum eng1neers
envir: engineers

4-year college
4-year college

increasing
increasing

chemical engineers 4-year college increasing
chemists 4-year college increasing
geologists 4-year college increasing
geophysicists graduate deqree increasing , -
engineering 2-year college increasing demand high in
~ technicians , o . ] ~ Some dareas
engineering 4-year college increasing demand high in
“technoiogists . ] ] some areas
laboratory- 2-year college increasing
technicians :
welders ébbFéht1cesh1p steady
ironworkers apprenticeship steady -~
0oil well drillers - apprenticeship increasing requires spec1a1
. training
laborers on-job ékpéfiéhté steady
truck drivers ~ on-job experience steady
equipment operators on-job experience steady
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envir. engineers

4-year college

increasing

Job Name Usual Training Demand for Comments
Required Workers

COAL INDUSTRY

mining engineers  4-year college increasing

civil engingers 4-year college steady
" geotogists 4-year college increasing
genphysicists graduate degrge increasing

analytical 4-year college” increasing

chemists ,

mine safety 4-year college increasing
inspectors = , , S

coal gasification 4-year college increasing very high demand
engineers ) - , , T

engineering 2-year eollege inereasing demand high in
technicians , - , , _ some areas

engineering. 4-year eollege inecreasing demand high in

_ teechnologists ] o , , some areas .

laboratory 2-year eollege inereasing Sy

_ teehnicians - , , ES

] laborers on-job experience  steady
miner's assistants apprenticeship increasing

truck drivers ~ on-job experience steady
equ1pment operators on-job experience steady

POWER PLANT JOBS -
electrical 4-year college increasing
engineers o R
power engineers 4-year college increasing
mechanical 4-year college steady
,,9”91n§§C§ L Ll .
des.gn engineers 4-year college steady high demand in a
o faw areas -
envir. engineers  4-year college increasing /.
nuclear eng1neers 4-year college steady some special
- training required
nuc]ear,9b1§1913ts graduate degree increasing
civil engineers 4-year callege steady )
engineering 2-year college increasing demand high in
__technicians S S some ‘areas
engineering - 4-year college increasing demand high in
- technologists S - some areas
laboratory 2-year college increasing
__technicians o
. envir. monitors 4-year college increasing
‘pipefitters apprenticeship steady special cert1f1cat1on
e - for nuclear work
electricians apprenticeship steady
carpenters apprenticeship steady )
welders apprenticeship steady "
ironworkers apprenticeship steady
boilermakers apprenticeship steady.
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Job Name ' Usual Training Demand for Comments
Réguiréa’_ : Workers

POWER PLANT JOBS (CONTINUED)

painters. apprenticeship Steady . o S
sheet metal apprenticeship increasing special certification
. workers - , , for nuclear work
bricklayers apprenticeship decreasing
laborers on-job experience steady
truck drivers on-job experience steady
equipment on-job experience steady

operators

The Information Bulletin;, November 2; 1980 of ERIC/SMEAC describes

materials on energy-related careers. This bulletin includes descriptions

of many areas of energy careers; such as education, technology, etc.

STUDENT ACTIVITIES FOR JOBS THAT ARE ENERGY RELATED:
Recommended for K-6 -

1. List jobs which are no longer found today, i.e., carriage
builders, butter churn builders, cardle dippers, etc., and
corresponding industries/jobs which are found today, i:.e.,;
car mechanic/assembly plant worker; food plant/trucker,
electrician, etc. Discuss why these job changes have
occurred and speculate on which jobs will still be in
demand in the year 2000.

2. Use DOE unit, Community Workers ay They Use
(Grades 1-3) to study energy-related occupations.

3. Wa.ch a favorite T.V. show; identify energy-related jobs:

4. Role play energy-related jobs or play charades:

5. Write and perform a short play or puppet show character--
izing .an energy waster and his/her conscience:

6. Write a story about one energy-relatad career of interest
to them. 7

7. Draw posters to jllustrate snergy-related occupations; e:g: ;

0i1 derricks, o1l truck drivers; etc:

I
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Recommended for 7-12:

1. Conduct an Energy Fair:

2. Research job requirements and rsporsibilities and prepare
posters; reports, etc. .

3. Research a case-study of how changes in technolegy energy

sources and energy availability have changed the work

4: select an energy-related occupation and interview a person
K working in that field and report on it.

Recommended for K-12:

1. Have resource speakers from various energy-related fields
describe their jobs.

2. Create what 1ife will be like in the year 2001. Their
description can include homes; transportation; school; jobs;
entertainment, etc.

3. Take a field trip to an energy-related industry, such as a

power plant; solar home; solar panel construction; etc.

RESOUREES :
Current Energy and Ecology, Volume 2, No. & December, 1979.
Information Bulletin. Materials on Energy-Related Careers
Columbus, Ohio: ERIC Clearinghouse for Science, Math: atics

and Environmental Education, Ne. 2, 1980.

Wilson, Mitchell. Energy: Life Science Library. MNew ork:
Time-. :fe Book§, 1970.

Wood, George and Harry Carpenter. Our Environment: Hci ie
Use and Control It. Boston: Allyn and Bacon, 1956.
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IS FOR KILOWATT AND THE ELECTRICAL USES OF ENERGY

<

OVERVIEW:

Students explore their present e]ectr1c1ty uses and 1n4estlgate
ways to utilize this resource more Wisely. Students Tearn ‘the funda-

variety of regu1ar1y used app]ucances A]so, they learn how to read -
an electric meter.

TEACHER BACKGROUND:

The kilowatt is a unit of electrical povier. One kilowatt (kw)
is equal to 1000 watts, a watt being defined as the product of the
voltage (electrical force) and the amperage (e]ectr1ca1 current). An
expression used more commonly than kilowatt is kilowatt-hour (kwh), a
measure of e]ectr1ca]”energy A kilowatt-hour is the amount of electricity
it takes to light a 1000 watt 1ight bulb for 1 hotﬁ/(or a 100 watt for

10 hours). We pay for the electr1c1ty we use by tHe kilowatt hour.
4

To determine how much electrical energy is used in a building, a

" kilowatt-hour meter is used. Al1 electricity going into the building

is sent through a meter which keeps track of the amount used. Inside the

meter revolves a metal disk connected to a small motor. The more currént

that flows through the motor, the faster the disk moves. The motor 1is

connected to a set of gears which turns the hands on a set of dials. By

reading the numbers indicated on the dials, it can be determined how many

kilowatt-hours have been used in a period of time: The user is then

billed by the electrical utility at a rate per kilowatt-hour for the
electricity used.



'To read a meter like the one below; record the last number passed

by the pointer. Each dial turns in the oppesite direction from the
next one. When the pointer is between two numbers; it is the smallest
of the two numbe-s that should be recorded: The meter below would be
read as 00927 kilowatt-hours. Since the measurement is accumulative,

the present reading must be subtracted from the most recent reading to
determine the kilowatt hours used in that time period.

¥» the United States; we depend on electrical energy for most of our

iz~ and lighting needs. In addition to our homes, most schools, =

 irchez, theatars, stores a.c streets are lighted electrically. Without

2lectricc? energy, we weeld find it difficuit to get through the day. In

our homz:, besiaas iighting, we use electricity to_run stoves, refrigera-
sors; washars; drvers, ait conditioners; small appliances; electric .
blankets; television sets; stereos; razoers; hair dryers and a »nst of

othar devices: We often use electrical energy when another - of energy
might be as efficient and much less costly or wasteful. _Exai..es of this
would be if we used an electric clothes dryer when a clothesline could be

used or an electric blanket where we could add another blanket or quilt.

~ There are many farms in this country, and they are big users of elec-
tricity. For example, electricity is used to pump water, grind feed,

incubate chicks, milk cows; and convey potatoes to Storage bins to name
~a few examples. Electrical energy which has brotght many changes to

industry has allowed the manufacturing of more products at a lower per
unit price. Electric motors made production lines safer and more efficient.

They are capable of doing work ranging from drilling microscopic holes to
1ifting giant locomotives: Many metals are extracted from ores by elec-
trical processes. Almost any industrial need for power or heat can be

met with electricity. Electricity can be said to have created its own
industrial revolution.

TSR U
Most electrical power for the public is generated from water; oil,

coal, and nuclear materials in large power plants. Thousands of these
plants in the United States generate pillions of kilowatt-hours per year.
These piants are owned and operated by federai or local governments. or
private companies. Many billions of kilowatt-hours are also generated

by industries for their cwn use.

After electricity is generated at power stations, it is sent at

high voltage through transmission 1ines. Transformers reduce the voltage

“to the level needed by the user--usually 110 and 220 volts for houszhold
use; to thé Tevel needed by the user.
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It is important to review electrical safety, such as checking cords,

avoiding- the use of electricity while in water, and avoiding overloading.

Since World War II the American fam1}¥7has purchased and uses many

small applicances daily. Sheet K=1 outlines the appliance, watts,; usage,
annual KWH, and annual cost @ 5¢/KWH.

STUDENT ACTIVITIES FOR KILOWATT AND THE ELEETRICAL USES OF ENERGY:

Recommended for K-6:

1. Cut out art1c1es and advertisements from magazines and
newspapers. Make notebooks of those which promote waste

of é1éttr1c1ty and those which prqmote energy conservation:

Discuss the items and try to determine why a part1cu1ar
greup of advertiser takes a particular point of view. -

. Recoriiiended for 7-12: ;/;,/;/»

1. Read their home meters on regular time 1nterV§]§7fgr

several days to determine the time of day or time of

week their family uses the most energy and determine

what activities might be altered to reduce consumption.

€alculate how many kilowatts are used for a given 7A

act1v1ty (e.g. fixing and eating breakfast,,“c]ean1ng

up" -~ including showering, washing/drying hair, using

electric toothbrush or shaver, etc.)

2. Record their family's e]ectr1c1ty usage for one week,

then put conservation practices into effect and mon1tor
for a second week. Record any differences.

3. Set up displays of small electrical appliances and

pictures of large ones with label cards showing the
wattage of each. Research and discuss whether it is
more energy -efficient to use toaster-ovens, microwave
ovens, electric frypans, slow cookers, crepe-makers,

~ sandwich toasters, popcorn poppers, etc., than to use

‘ an electric range for various types of cooking., =

4, Invest1gate the rate structure of the power company

serving the area in which one lives. Do all customers

get the same rate? Is there a different rate for

farm use? Industrial use? Commercial use? Is there

an incentive for using less electrical energy?

5. Devise an experiment to determine nhow much light is
given off by a 40W fluorescent bulb as compared to
that given off by a 40W incandescent bulk.

ivd

NP | . 6"?
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Build an electrical generator (hand crank or bicycle

power). Try to light a bulb.

b'U]b;. Draw the DY‘OCédUY‘é. .

How many different ways cdn you find to_light the )
bulb? Draw all possible ways. Hint: Remember the
lazy bulb. ; ‘

Using two pieces.of wire, how many ways can you
light the bulb? Draw all possible ways.

Recommended K-12:

1.
2

3.

4

[¢)]

Practice reading electrical meters:

Make posters; bulletin board display; or brochures

dealing with ways to save electricity -- in the

home, at work; at school; in recreation; etc:

"‘Make a 1ist of 10 electrdical devices that students

use regularly. Research 21d discuss how pecpie
200 years ago did the same things that he/she does;

but without today's appliances.  Were they able to
do things he/she discussed. For example, wash
clothes with a washboard and hany them on 5 <’othes-

line to dry, ur saw and drill wosd with hini saws and
drills. Some communities are close encugh to restdred

historical ~illages, such as 01d Sturbridge Village
in Massachusetts or King's Landing in New Brunswick
where costumed staff members actually "live" like
people of the past. Field trips to theses places
'could focus on the historical uses o7 energy, par-
ticularly electrical energy.

Guest speakers could be invited to speak, i.e.,
representatives of power companies could expiain how
power is generated and transmitted te the consumer,
home "econemists could talk about energy, represen-
tatives of various industries could speak about
how electrical energy 1§ used in their industries,
members of conservation groups could speak on the
need for conservation and wise use of electrical
energy; etc.

Take a field trip tc an slectrica}- generating plant.

Investigate "fuel adjustment charges” and explain
how they affect electric bills.
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RESOURCES -

Brandes, Lou

Westeon Walch,

"Electrical
Tennessee:
"Electricity
pedia. Volu
"Electri
Volume &'~

is G. Science Can Be Fun. Portland, Maine: J.
1958. :

Energy." Science Activities in Enzrgy. Oak Ridge,
Aiiérican Museum of Atomic Energy, 1980

, the 3ervant of Modern Man." Compton's Encyclo-
me I1. “Chitégo: FL.E. compton compahy, 1973.

Ch1cago F: E Campten Company, 1973

vities With Energy Ant. Federal Energy Administration

TBOET) ,1975

Experiments You Can Do . . <From Edison.

Scufhfie]d;

M#chigan: Thomas Alva Edisor. Foundation, 1976. :

Energy Criszis - A Teacher's Rescurce Guide: Tnenton, ‘New dersey?

New Jersey ¢

Herron, W.B.
Lyons and Ca

Pennsylvanii

‘ducation Associztion, 1974.

and N.P. Palmer: Méiiéi;mLifé;éﬁﬁuﬂﬁéigy; Chicago:
rnahzan, 1965

i Enpr'nv Curriculum for the Middle Gpades

Harrisburg,
1977. =

r)ennsy‘lvama Pennsylvania Department of Education,

Rothchild; John and Tenney, Frank. The Home Energy Gu%de;, How to

- Cut Your Uti

lity Bills: New York: Ballantine Books. 1973.

Tips for Ene

1978.

wwlson,,M1tc
Time-Life Bo
Wood, George
and Control

r~ Savers. Washington: U.S. Department of Eneray,
hell: Enengy Life Science Library: New York:
oks, 1970.

and Harry Carpenter: OLﬁfEn¥l¥9ﬂm8ﬂt*44HDW4u84USe
It. Boston: A  /n and Bacon, 1956.
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HOUSEHOLD ELECTRIC APPLIANCE USAGE

Sheet. K-1
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Food Preparation — 5
Blender 300 = 1.7% ** g **
Broiler (portab]e) 1,140 5 6.5 7 40 T
Can Opeizr 100 ** .6, o *% e
Coffee Maker - 1,200 10 6.8 12 .68 T
Cooker/Fryer/Dutch o , o - B I
oven 1,200 3 3.7 2 11
Corn Popper 575 1 3.3 *% .04 -
Fondue/Chafing Dish 800 2 2.1 *k .04 - T
F»«ymg Pan 1;200 11 4.2 8 .48 _ ~
Microwave Oven N o - - 7
~ (high) S, 450 11 8.3 16 .91 ——
Mixer (hand/stand) 115 .- . *=* .7 ok % —
Range (total) 12,000 - 40 8.3 58 3.31
6" surface unit - o
(h1gb)” o 1,400 -- 8.0. -= -- e
8" surface unit o o -
(high) ;500 -- 4.2 -= --
Oven bake (§§an:ara) L.20¢C - 5.8 = -- B
Oven bake (sel+- . .
clean) 3,700 - 4.6 -- =<
Oven broil 3,000 - 17.1 -- e : i
Self-cleaning . o _—_
feature - 4,000 -- 13.0 == -
Sandwich Grill/Waffle 1,200 -- 5.3 3 17
Sliow Cooker 100 50 .6 5 .29
Toaster 1,146 3 5.5 3 .17
Toaster Oven 1,500 10 2.2 4 .23
Warming Tray 146 g .8 * & .03
Food Preservation ,
//
Freezer (15 cu. ft) o o - o o
Manual Defrost 340 120 .8 100 5.70
~ Automatic Defrost 440 720- 1.2 . 150 B.55
Refr1gerator/Freeze ) ' ! )
Manual Defrost L o , _ . o
(10-15 cu. ft.) 300 720 [ .5 60 3.42 -
Automatic Defrost . o S __
(16=18 cu._ft.) 450 72C 1.2 150 8.55
Automatic Defrost o o o o )
(20 cu. ft.) 500 720 1.3 160 9.12 N
y



Clothes Dryer 4,856

Iron | =~ 1,100

Washingl Machine
(Automatic) - 512

alth & Beauty .

Hair Bryer -
Soft Bonnet - ~ 400
Hand Held ~  -1,000

Hair Setter/Curlers 350

Heat Lamps (infrared) 250

Shaver 15

nforting Cordiiioning -

‘ir Conditioner L
~ (room) .~ 1,000
Bed Ccvering 177
JDehumidifier 257
fan {window) _ 200
Heater (portable) 1,500
Heater (Quartz) 15500
Heating Pad 65
Heating Systen o

Burner Motor 266

Warm Air Fan = 292
~ Hot Water Circulator 120
Humidifier = 177
Water Bed ' 350

‘ertainment

Hi/Fi/Stereo 100

Radio 7

Télevision , S
" % W tube .type. 100

ipment

Auto Engine Heater 750
Clock 2
‘l'ishwasher 1,201
*arage Door Opener 230

Garbage Disnosal 445

Heat_tape (74 ft.) o
@ 7 watts per ft. 168
Lights (5-60 watt -
_ lamps) . 300
Sewing Machine v 75
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Equipment (cont.)
- 3/8" Drill 300 *x
- 7" Circular Saw 800 *x
Vacuum Cleaner 630 6
* Water Heater (Family = o
- of 4) 4,500 720
Water Pump 600 33

*# %
*%k *ok

.23

RIN Sy
OY Oy~ |

400 22.80
20 1.14

PN
£

TOTAL L
USAGE o KWH x .0f
= &
Cue mer
N SE‘?‘J"CE _
Charige - 5.70

TOTAL $

* Indicates thermostatically controlled applicances; cost are based
_on an estimated "on" time. o
Cost Per Hour are based on monthly hours use: 720 Hours = total month.
** Indicates average usage is 1ess than 1 hour :» 7 KWH; or cost is less
than .01¢ per hour or $.01 par month. . ' : ¢
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IS FOR LIQUID SYNTHETIC FUELS

OVERVIEW:

- The student becomes aware of the simitari®ies and differences .etween
a synthetic fuel economy and 1 petroleum-ba:uc zaghemy. _The uses 537 syn-

thetic fuels in the past are compared with moizvy v af these resoinces.

Some of the problems associated with their use ar: picsizited.

TEACHER BACKEG™9UND:
- mmﬂéaVéF:(198i§fdéﬁihés -synfuels asvfue1s,synthe51zed from. Sources. .

* other than crude 0il or natura  .as and used in place of them or their
derivatives,; primarily for tréhsportat1on and heating boilers.'

' The prob]ems involved in synthet1c fuel (synfuel) production involve
serious economic considerations. The federal government has established
a level of support in the order of $260 million to produce less than ten

percent of our energy needs by the year 2000. At this rate, synfuels w111

be at least twice as costly as their regular counterparts

Beyond the concern and the threat of carcinogenic by-pruducts assoc-

iated with synfuel production, the economics of the water renuirements is

a concern. There are three basic water requ1rements one . a raw

material (hydrogen), the second is for cooling (one and two together .

amount to double the water requ1rements of an electric power plant of

the same energy output), and the third water requirement is for the recla-

mation of the 400 acres a year that will be stripmined. In the arid regions

where *he coal i- found, water is also used for agriculture. There could

_be serious conflicts over how the limited water supply will be used.

73



67

Synthetic fuel gets 1ts name because of the synthesis of the carbon
of coal with the hydrogen of water into a hydrocarbor. Technically,
gasohol and the o011 obtained from shale are not synfuels because there
is hU,fOi"Céd,hydiﬂbgéhét‘ibh involved 'ih,i:hé'ii‘ production, they are often
lumped into this category. Coal is primarily carbon, whereas a liquid
fuel is a hydrocarbon. The higher the hydrogen content, the more
volatile tnhe fuel. Heavy fuel oil has a ratio of six carbon %o one
hydroger while gasoiine has one carbon to two or three hydrogens._
Obviousiy, since there are sixteen carbon atoms in coal; a very large
quantity of watcr is required for the hydrogenition. One advantage in
this process i3 the radichion of sulfur from the final prdeCt.

become so dependent on petroleum as our major energy feedstock. In order
to understand this overdependence; one must understand why oil has been
the product of choice since the éafly 1966's. The cost of obtaining and
refining oil was deceptively cheap in the U:S: because of domestic
sourcez iid the exploitation of foreign o0il sources; sophisticated

technology, and the volume of consumption in relation to real supply.

Not only was oil cheap, it was extremely convenient to use because it
was a liquid: Although other energy feedstocks have their own advantages;
0il1 gives us a higher energy rating per unit of volume of weight: This

ratio makes it relati 21y economical to transport ani to use as a_fuel.
we1ght and volume are two factors that are necessary to control closely
in order to be cost-: ‘fective in shipping. tiquid. fuels include

petro]eum and its by sroducts; alcohols; organic oils; ="d 0il made fram

coal.
The history of 1iquid fuels goes back to recent pre-history. Animal
fats were used in liquid and colloidal form as a fuel for lamps and.

torches to provide heat and 1ight. They were very valuable and used as

barter and trade. In fact; the grave robbe-s of Tutankhamun's tomb

...forsook most of the. gold trappings of royalty, onTy to pilfer the more
precious 011s contained in the dTabasteramphorag.The Bibtical-story-

of the Marriage Feast indicates the use of oil as fuel:

Through history there were chance disc.:eries of tars and oiis,

but organic oils were the primary material used for 1ighting. . Solid
- fuels were used for heating and industrial purposes. The product1on of

oraganic 0ils was either a cottage industry or an industry concentrated

in major cities of well- -developed cultdrés The real breakthroughs in

production and use came 1ater in the 1800's.

The liquid fuel 1ndustry did not become W1despread until the advent

of whaling on the oceans of the world. ‘:nale oil suadenly became very

popular as a fuel for 111um1nat1on Although petroleum Wasfg1§ggygred in

1859, and coal oil was produced in volume around this time in different

countries, ‘but whale oil remained the major 1iquid fuel. Then; the

whale population started to dwindle because of fishing pressures--there
were no longer enough Whales to make the wide-scale slaughter profitable.
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Meny homes outside ¢!ty 1ighting 1:mits relied on coal oil° (kerosene)

to combat rising whale oil prices which paralleled an increasing demand

in Western courtries for a cheap. ronvenient fuel for illumination and
heating. From this research came acetylene, propane and natural gas.
Gaseous fuels were used for lighting and for several purposes but with
the advent of the motor car, the demand for a liquid fuel, but skyrocketed.
Many of the first cars used alcohol as a fuel but this was replaced by

the cheaper petroleum fuels. .

The factor which produced a pétroleum-based economy (its high
energy .density and ease of transport) was also the causes of its decline.
With dwindling petroleum resources the rush to discover a substitute has
a monetary incentive now; even the government is cffering money to develop
new synfuel plants. The future offers the shale oiil_ in the Rockies; the
tar sands. in Alberta, Canada, and advanced recovery technology for the
development of syncrude.  These techniques hold down costs that are
currently prohibitive both economically and environmentally. But that - .
may change, given the Middle East situation. Other synfuel projects include
the production of 01l from waste and refuse, the production of alcohols as
an additive or substitute (done before in World War II), and the trans- -
formation of coal to various gases and liquids. _ -
~ The major monetary and technolegical concentrations of the U.S.
government and industry seem to lie in the production of synthetic _.

Tiquid fuel from our major energy fecdstock--coal. Even more specificaily,
the Solvent Refined €oal (SRC) process has received much attention. An

SRC plant near Catlettsburg, KY; has been subsidized by the U.S.

Covernment as a demonstration -plant. - It can produce the equivalent _
of 20,000 billion -barrels (bbls) of petroleum a day from 6000 tons of
high-sulfur coal. Many implications and questions arise. If it is
illegal to burn high-sulfur coal as a fuel because of its high sulfur
content, what p.ovisions are being made to process the sulfur? Is it
cost effective ' transport 6,000 tons of coal per day? What are¢ the
~.environmental. costs .of.accelerating the-production-of coal? . Is the
coai industry ready? Is the high demand for water necessary in this
process justified from an environmental/economic position? These

questions must be addressed.

STUDENT ACTIVITIES FOR LIQUID FUELS (SYNTHETICS):

Recommended for 7-12:

1. Discuss how to produce ethanol/methane from water.

2. Compare the relative energy values of cert? 1 liquid
fuels (methane; methanol; ethanol; synfuel) co

gasoline, coal, and wood. ‘\gj

3. Discuss the advantages and disadvantages of a - .

synthetic fuel program. .

4. Discuss the concept that our "waste production™ still
contains a lot of usable energy and aﬁconsiderable

amount of much needeq resources. &
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5. v Discuss the history of synthetic fuel use in Europe.

6. Make a poster showing names or pictures of different

be used in place of petroleum products. Wi
7. Do a newspaper/magazine se.rch for articles on coal. |
Recomiiended for K=12: |
T. 1. Discuss the history of whaling in the U.S. (why we
needed whale oil; and why we continde whaling in the
1970's). ;
2. Visit a marine/seafaring museum or a coal or Shale mine:
3. Show related films (whaling, coal mining, etc.): 'E?séass
its relationship to this unit:
RESQOURCES:
7 Anderson. L. and David Tillman: §yn£ﬁéfi645uelsgtromgcoal, John
- Wiley and Sons, New York, 1979:

EuelmﬁrsmAEarmsiggAAGu4deAtogsmallgsnalefiﬁﬁuuuiLJhxuhuu:uul
S.E.R.T./D.0.E., Supt. Government Document. Washington, D.C.

SERI,/SP-451-519, 1980. .
Pelofsky, Arnold. Synthetic Fuel Processing. Marcel Dekkor Inc:,
Mew York, 1977. » .

Robertson, E.E. & jconvérsion Fuels from Biomass. The Franklin
Institute Press, Pennsylvania, 1977. Lo

Ruedesili, Lon and Firebaugh, M. Perspectives on Energy. N.Y::

Oxford University Press, 1975. o

Slesser; M., and Chris Lewis. Biological Energy Resources: dJohn
Wiley and Sons, New York, 1979.

Stobaugh, Robert ‘and Yergin, Daniel. EﬁéfgymFﬁ£Uié; N.Y.:
Ballantine Books; 1979.

Washington, D.C. on Augyust 14-18, 1978 (sponsoring agency
Institute of Gas Technology).

Symposium_ papers on Enrroy from Biomass and lWastes held in

Weaver, Kenneth F. "Our Energy Predicament:." National

Geographic, February, 1981, 2-4, 16-19, 22-23.




OVERVIEW:
~ The students learn that matter is capable of storing_energy and
that this energy may be measured in standardized units. The importance
of variables, such as the mass and specific heat of sample materials to
the storing capacity of the material, will be introduced; and analowies
Will be drawn among the energy found in such diverse substances as woond,

food, gasoline, and heated metal:
" TEACHER BACKGROUND::

Energy is a prime concern of governments in the world today. One of

the simplest forims of energy to understand and to monitor is heat energy.

Heat energy is easy to recognize, since we experience it in many everyday
circumstances. Children should readily equate heat and energy if encour-
aged tc recall that using energy {playing hard) causes them to feel hot
(take off a coat or extra clothing), or that providing something with
energy (rubbing sticks. together) will transmit heat to that item (sticks
get hot). Once this correlation between heat and energy is established,
the concept of energy can be measured by measuring the amount of heat :
involved. Specific heat is defined as a ratio of the heat content of an
ebject to the heat content of a standard substance, usually water. The

formula for specific heat is the following:

L , . = Difference in_
Specific Heat = Mass of Water X Specific Heat of Water X temperature of water
of metal Mass of metal X difference 1n temperature of metal
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Unit Name " Symbol BaFiRiEisn

Calorie or Kilo- Cal/Kcal The energy reauired
calorie to heat Tkg of water

by 10C.

British Thermal BTU The heat required to
Unit ! _ raised the tamperature
of 1.1b. of 2tar 10F,

A British Thermal Unit’is egual to about a quarter of a Calorie.

_ Matter can be converted to energy (heat) by oxidizing (combusting)
it; the amount of energy possessed by the matter can be measured using
various types of calorimeters. This methad is used for generating the
very familiar Calorie content of various foods, but here the capital.”
"C" in Calorie indicates that 1 Calorie = 1,000 calories. Whila the
combustion of wood, yielding heat directly; is commonly understood; the
student should not be 1eft with the notion that the food which ‘he/she
eats provides heat in the same manner; i.e., yielding heat directly;
since the combustion of food is largely a chemical process. Althotgh
there is actual waste heat given off during this breakdown,; we do not .

strictly receive energy for our bodies in the form of a "mini furnace!"

STUDENT ACTIVITIES FOR MEASURING HEAT:

Recommiended for K=6: 2
1. Post on a bulletin board a ' st of activities i1 which we use
heat; e.g.; for cookings for ot water; for home heating; etc:

2. Experiment on various materials (by heating one end) and . -

‘ separate heat conductors from heat.resistors. ..Then-establish ... -

orders of conductivity and resistance.

3. Mix 100 ml water at 80°C. and 300 ml of water at 200C:; then
measure the temperature of the resulting mixture: Which
quantity of water has the most effwct,in determining the
result teimperature?

4. Put 100 ml of water at room temperature.in a beaker and heat

it over a candle for 5 minutes; then weastire the temperature
of the water. Repeat using an alcof$T heater. Compare the
temperatures.

5. Place three objects, of different materials, such as a piece
of wood, aluminum, glass; etc., at the same heated temperature
on a_piece of paraffin wax. Which material contains the most
heat? A
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Rec.mmended for 7-12:

1.

Experiment Witﬁ,thé,ébiiity of different materials to

release their stored heat by placing objects of different
mass and composition in containers of same temperature/
same vclume of water and by measuring the temperature

rise for each. (The objects must be heated).

Formulate “per unit" energy yield for a variety of items,
including food items. Use tables that give enerqy content -
bf fuels and foods:

Do a research paper on how increasing man's ability to

4t has allowed him to become iore

prodiice and control he
advanced.

Meastre the specific heat uf a metal, such as copper
a. Immerse 5009 of copper or brass into boiling water

for 5 minutes.

b. Place the hot metal (1000C.) into 500g of water at
200€. | o

c. Measure new combined temperatures.

d. Calculate the specific heat. Use the foilowing

formula:

100 =X -

specific heat -
final combined temperature

S
X
Make and use a calorimeter.

To _measure or observe the effects of heats some Sort

of heat trapping device is needed to protect the things

under observation from outside conditions. One such
device is called a calorimeter and is readily purchased

from a science supply house. However, a "homemade"

calorimeter can produce satisfactory results.

The main parts would be two tin cans (with the labels

z.id tops removed). One zan should be the sjze of a con-
centrated fruit juice can and the other at least an inch
larger in diameter,.possibly a canned fruit can. A A

wooden blcck or a piece of styrofoam, or other insulating

material should be placed in the bottom of the larger can
so that the top of the smaller can is flush with the top

of the larger can when the smaller can is placed inside
the other. Pins could be placed on the insulation to

keep the small :an from sliding. The air space is needed
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between thé cans to provide an insulation between the

contents of the inside can and the effects of the
conditions on the outside of the calorimeter. The
remaining insulating barrier is a wooden block with
two holes in ¥t; one to allow a wire stirrer through,
and the other large enough to hold a stopper with a
thermometer inserted through it: The bottom of the
block should have a piece of flannel glued or stapled
to it so that air cannot readily circulate to and

from the top:of the inner cen

RESOURCES :

Editorial Staff, Time-Life Books. How Things Work in Your

Home (and what to do when they don't). New York: T[ime-Life -

Books, 1975. 7
Emerick; Robert Henderszon. Heating Handbaok; A Manual of
Standards, Codes, and Mathods. New York: McGraw-Hi1] Book
Company, 1964. , ;

Hand, A.J. Home Ereray How-to. New York: Popular Science/
Harper and Rows 1977. °

Holton, Gerald, Rutherford, F. . , & Weston, Fletcher G.
Project Physics.. text, New Yo ... Holt,; Rinehart & Winston,
T987. '

Mordue, Dale. En:w»qy Conservation. Mankato, MN: Mankato
State University; 1579,

Munson, Howard. "An Energy Lesson As Near As Your Window,"
Science and Children, March 1978; p: 25-26.;

Staff. Popular Science.’ The Book of
York: Grolier Incoiporated, 1967,

0y
<
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[S FOR NUCLEAR ENERGY

OVERVIEW:
 Students will examine the processes, the nistory, and the advantages/
disadvahtégés,df,hﬂd1ear energ”  Also, they will assess the impact of
Three Mie Island on society:

TEACHER BACKGROUND:

- Nuclear energy is created by the two processes, fission and fusion.

In fission, the atoms of granium 235 are bombarded inside a nuclear reactor
by neutrons. This bombardment results in the splitting of the uranijum atom

usually into two smaller atonis and particles. When the uranium splits, heat

1s released along with more neutrons to continue the process.

' __Since nuclear reactors are very complex and require many safety pre-
- cautions; they cannot be used as a direct source of heat: The heat pro-
duced in a large reactor, however; can be used to heat water which creates
steam and generates electric power. Fission occurs and is controlled 1in
the ‘nuclear reactor. The nuclear reactor, consisting of fuel, which pro-
duces the energy, of a moderator, which controls the speed of the neutrons,
and of the coolant, which removes the heat generated in the reactor,
recovers the heat that is used to produce the electricity. .
_ THe fuel for nuclear fission power reactors is uranium-235 which is
found " in the earth's crust and in a wide variety of geological situations.
Stream-laid sandstene in €olorado; Utah; New Mexico, Wyoming, and Seiith
Dakota have yielded most of the uranium prodiuced in the United S
has been estimated that the United States has a supply of at le-
million tons_of this fuel (uranium-235 and uranium_oxide combi:

T

a typical 1,000 megawatt power reactor requiring 5900 tons of .
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In addition to uranium; water is necessary for operating a nuclear
power plant. It is est1mated that 330,000 gallons of water flow through

a reactor per minute. A nuclear power plant functions much like a fossil

fuel power plant. Both use steam to drive a turbine generator that pro-
duces electricity. ©

~ Not only the fuel, but also the moderator and the coolant are neces-
s1t1es 1n a nuc]ear reactor. The moderator both contro]s the act1V1u" of

The coolant, which circulates through the reactor core, removes the heat;
thus preventing a reactcvfmelt down.

~ The fo.]ow1ng table ]13ua the types of reactors,.+he1r acronyms, the
fuels, the coolants, and their moderators.

7

£ B .

NAME ACRONYM FUEL COOLANT MODERATOR
Magnox === Natural Carbon Graphite
| uranum dioxide
Advanced = AGR Enriched Carbon Graphite
gas-cooled , uranium - dioxide
High tempera- HTGR =  Enriched - Helium Graphite
ture gas-cooled - trani um , ‘
Boiling water  BWR  Enriched Boiling Light ‘watevr
reactor urani um light water
Pressurized PHR Enriched Pressirized Ligit water
water . Urani un light water
Canadian deute-  CANDU Natural Pressurized water
rium dranium : urani um heavy water
Steam generating  SGHWR Enriched . Boiling Heavy water
heavy-water uranium 1ight water .
reactor , .
Liquid-metal LMFBR  Plutonium ‘Molten , None reg.ired
fast breeder. dioxide sodium or
reactor > uranium molten sodium
- - dioxide and potassium
1
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The ]1gh ‘water reactor; either the pressuriz [-water reactor (PW)

or the boiling water reactor (BWR), is the mos- common type in the .nited
“tates Tne PWR, enclosed in a welded steel pressure vessel, operateés at
d preéssure aporox1maue1y 150 times that of the atmosohere The water

zarries the heat_from the uranium cor. to the electricity- p“oduct1ng parts

of the nuclear plant. The system consists of three separate, but inter-

‘ocking loops (see Sheet N- 1).

he simplest reactor. nas water boilir within the feactor
inss use the steam 71r9ct1y to \producz electricity.

Fasion; ch2 other type of nuclear ¢ ~r-, refe . to the combining of
o tad

two hydrogen 1 tc form a new atom a. s other Dar+1c1e= A7 nough
there are appro.. ~tely tH1rtW different ¢ * reac ‘ans, ﬁn-y,thOau that
use deut erium,ftritzum; & Tithium are & abis.  rusion requires & tem-
perature of about 1C0 milli_i °C. The substances become gaSeous; ihe

_ This high energy stite is called nlasma: Since
in a containev,; : Sys5t8m must bs found to ctabilize

this plasma cannet Lo

atams lose their e.eéfm
{0 extract the energy. -t this tine. are no fusion

the temperaturesan.

nuciz2ar reactors.

The development of ruclear energy was hern out of a need to obtain a

controlled reaction before the_Germans who ad already spli. che atom. It,

[

-refore, developed from a military need rather than from a peaceful one.

0. S. fuciser Chrenalogy

1642 first man-made atomic chain reaction at the University of
“£3Go; direstorE =0 Fern:

943 . .rST atomic expios.c.o: bombing of Hisoshima and Nagask:

1246 Atomic Enevcy Comm™ “ion (AEE) fermeu by U. S: Congress

13517 production of sioni :ant amcunts of electricity by nuclear
novier in IjahO )

1957 Atoims Tor Peace Frogram by Pregsident Eisenhower o o

13954 £005¢ rdclear povered Submarine

1957 First fuil-scale nuclesw power plant: Price-fnde son Act

1983 first niclear powered cargeo vessel

1967 first nuclcar powered censrato- in space

1374 Atomic tnergy Commi<sion d1sso]ved Energy Resource and
Develooment »om1n13tra'1@n {EQDA) and Nuc:ﬂ r Regulatory
Commission { P4 - created) \

1o7e Pritz-fnderson Act renewed

ERIC

Aruitoxt provided by Eic:
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Since these developments, other nations have developcd nuclear tech-

noiogy _ Currently, there avre approximately thirty-five ~OUﬂtr}gsfrn the

world with nuclear fission power programs: inciuding 23¢ osorating power

reacters and another 548 power reactds under construction. HMany countrié
such as Belgium 23%,; Switzerland 17%, and Sweden 22%; get a 1arge amount
of their energy from nuc1ear power . .

Currently, the Un1§gg78uates has 7C licensed power reactors which
provide 134 of the country's electricity. Znather 726 plants are now
planned and/or under construction. New Ergland has gcven operating nuclear
power plants which prov1de 35% of its e]eftrlcwty Another three plants

are under construction in New England..
Fac's About Nuclaar Power

It is nct imported.

i

2. The known and probable resources ot uranium depos1ts are 1.8

- mi1lion tons.

3. The supply of uranium=235 will 1ast 20-30 years.

g It emits only minimal chemical or pa“t1culate po]]utwon into the
atmospheére.

5. Nuclear bowe: oduced,electr1e1ty costs approx1mate1y 3¢ per kwh;
0il fired cc ‘oroximately 8¢ per kwh.

6. Persors res ar a nuclear power plant zeive less than 5.

- millirems o ion per annum {See N-2. radiation sources).

7. When uranium ned; radon; a radieact’ . is emitted:

8. R&don decays to the isotope lead 210 which is radiocac*ive for a

_ hundred years.

9. Nuclear power piants are. constructed ta restrict rele:ses of

~ . radicactive material weil below permissable levels.

1C. When_the urenium ore is milled and refined; thousands of tons of

~_ tailings, waste ore; remain. Tailings em1t radon gas.

1i.- The fuzl rods must be transported to the core of the nuclear

._ reactors. e )

12, One-fourth of the fuel rods are ”spent” edch year and mus*® be
reme Ad from_the reactor ccre.

13. These ' ‘spent" rods which are rad1oact4ve1y and thermally "hot",
must ba store- in cool water ponds. .
14. These "spept" ds contain. b1o]og1ca11y dangerous plutonium, ces1um

. 137; strontium 96, and iodine 131:

15. "Half-life" denotes the time in which half of the atoms of a

radicactive material will decay. (Ex.: If the "half-1ife" of a

radioactive material is fifty years half of the material will

decay in 50_years, half of thz remainder in the xt 50 years.)

16. Theoretically, the spéhd rods cam be reprocessed to be used for

i breeder reactors or in atomic bombs.

17. The average time for construction of a nuclear power piant and for
a plant te "come on Tine" is 14 years:

18. Because of the increased federal; state;, and local requ1rements,

the cost of constructing a nuclear power plant today is a]mosu

doub]e that of a few years ago:

i

5

Vel o0



QO

ERIC

Aruitoxt provided by Eic:

1

[]
(2]

)

78

N

There 1; no proven. methoa for safe and economic %1fo~>a1 of nuclear

waste, but. suggesrions iidclude burial in "stable <a‘ domes,"

encapsulation in glass as pract1ced 1h<{rance, and burial at sea.

It was estina>d in 1976 uhat the westp going into storage then
would not become safe far approx,mataiy 2,500 years.

Cc upa+10na% eADOSure can be 30 twmes that réceived by the gene?ai
pubiic: :

- —

In normal operat1on- more than 99.99 percent of these radinactive

substances stay within the full assembiies; the small amount that

escafes from the fuel enters the reactor csolant sys*em. A ninute

amount is re.eased intc the enVTvonmen

The natural safeguards in a nuclear water-moderated power reactor

plant.prevent the nuclear reactor from becoming a &omb.

The ability of the fuelrmuter1a1 tc retzin most fission proancts;

funr] 2lement cladding, the walls of the reactor vessel,; and

LUnud‘ iment svitem sery. as harriers in yeactor systems to >/

ent siysificant amounts ot rad1oact1v’fy fr-m escaping 1“?3/

-
1
tha
‘he
P 1v3
g _wv1ronm_.t at tine time of an accident.

h
h
re
h

i m‘ . (0

Sinc: a nuclear prwer niant has a useful 1ife of approximately 40
yeui s, plans for deconmissioning must be considered.

Transnortation of nuz’e o vaterials, 1nc1ud1ng nucl .r waste. is

becoming a problem S1nce some states and municipe’ e1es have

banned transpart of the FadTOa"t1Ve wastes throu- tPEir areas

A]Lh'lkh str1naent "eoula«.ors for packaging nuclear wastes for

traniuat exist,-some peop,: til1? fear an acc1dent
2ari: I’t1V1Lj i5 not detected by human senses except in massive
UQSCS.

'poltn.lon.

“he Incident at Tnree Mile Island, March 28;'1979i (EPRI Journal, p. 10-11)

'

A3 a result of maintenance work, the-'main feedwater pumps. shuts
off. Emergency feedwater flow is blocked by two valves that

inadvertently had been l=ft c]osed sometime during the previous
two days.

When feedwater flow $tops, heat remova] from the o .mary sy- ' am
decreases. :

At seconds; re’ slye aon_the pressurizer opens to reduce
momentary overpressu:  Hut fails to close when pressure drops.

Operators are unaware -alve is oben.

8o
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4. Reactor shuts down at 8 seconds. , - B

5. Pressure in primary system continues to fail and triggers autom:tic
injection of emergency cooling water into the core. At 5§ miricies
this is throttled by operators, who believa the system i: gver-
filled with water because the pressurizer is. fiiil.

6. ‘Water begins to boil in the core. o -

7. Increasing steam volume forces water into tis pr- surizer. The
high water level in the pressurizer continues to islead operators

~ into believing “he rrimary system is overfilled. -

8. Operators discover the closed valves in the =mergency feedwater

_ lines and open them at 8 minutes. e
9. Insufficient water remains for proper operation of r:actor cooling
pumps.  Pemis begin to vibrate excessively. Last two pumps are

shut off at 1 hour, 40 minutes.

__ ite event at Thres Mile Island, a pressurized water reactor, Middletown;
Pennsyivania, on Mavch 285 1979, has had an impact on nuclear power industry:
The Niw Yowl Tiris5-€BC poll indicated that the U.S. public support for
el i~ et decveasea from 6 to 45% since the event. Prior to this
ever . o miasvts of nuclear power were corncerned With the hazards of waste
disuuiot drd tie hazards of nuclear weapons proliferation. After the events,
the people ch:. .ged their minds " scause ‘rey felt that they had heen decejved.

Thev had believed th.: such an zvent was almost 3mpo$sible.

_ Sceosequently,; the Electric Power_Research Institute at the advisemsnt
5f prominent utilit, executives established the Nuclear Safety Aralysis
~énter (NSAC) tu investigate tha techinical and operational factors that
caused the problem; tn recommend steps for improvemen. in reactor sa‘et:
étc. The nuclear irdustry in response to the needs of wheration and man-

agement of nuclear power institute fociizes on standards in the operatisn

and management of nuclear power plants; ~rogram training, plant designs; etc:

Presidint Reagan has proposed & five-poin: prograg which will Tift the

r2straints on the U.S. nuclear energy program.

.. Obviously, the nuclear energy issue is multifacetad. The insurance

[ o S e o LR ] LI e Y . PO - VY o~ Ada we A

Industry’s position of Timited 1iability; as reflected ny tiue Price-Anderson

dct, illustrated the economic nature of nuciear pocwces fhe Nuclear Referendum

in Maine demonstrated the =motional or rersonal concern of niuclear power.
Students -hould be encouraged to invastigate beyond the popular media

re~arting whicn can be inaccurate and some”imes biased: Theorefore, .idents

¢no:"d explore a number of reputable; unbiazad sources.

STUDENT ACTIVITIES FOR NUCLEAR ENERGC/:

Recommended for 7-12:
1. Compare and contrast the Fulure use of nuclear ehevay viith other
forms of energy. -
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2. Research the Three Mile Island and her related nuclear
incidents. Investigate the impact of the movie "China

Syndrome" on public opinion about Three Mile Islan'.

Determine how_the Price-Anderson Act is related to the

Three Mile Island incident.

3. Compare dnd contrast the Jifferent types of nuclear reactors.
Lic* ~"-antjgas and disadvantages of each.

4. Re. .q the steps involvad in the design, constructics,
and operation of a nuclear powe: plant. Consider the

environmental impact statements, compliarces with building
standsrds; meintenance of operational recovrds; and 1ifet;me.

Records from the Maine fankee are on file at the state Tibrary:

6. Invite r presentatives from local power companies to s»esak
on nuclear energy. .

.. Research the safeiy record of niclear; oil, cz-1, ‘and hydro
power glan* .

<
»

Research and discuss safe method: 76 transportation of

nuclezr materials.
10. Pesearch and “iscuss che Nuclezr Regulatory Commission and its

c

istary.

11. Discuss reasons why it ta:ss 14 years: to put a "plant on Jine"
and putline the steps ith]Véd;:

12. & 1 simple dry ice cloud chamber, and use it to observe
s .rticle movement.
Recommende 12:

1. Discuss how a nuclear power plant préaﬂeéd”§1éétfﬁéjijgﬁﬁé@ﬁ%%
is like -other types of power b]éhtSs and how it is different:
2. Role play the inhabitants of a farming community 100 miles from

a large city where a nuclear reactor is slated to be constructed:
Compare and contrast the pollutants as:.cioted with a nuclear

fission power plant ind other power plants.

.

4. Compare and contrast nuclear Fission with w *uir » syicn,
‘ Research the nistory and future of nuclzar enérgy 7~ othar parts
of the world: ’ ;

O
.

S o
Locate the whrldwide uranium reserves; shew how the location of

these reserves affect countries that depend upon nuclear fission.

37




Research how a referendum is organized and how it becomes a law.

6.
Research the results as well as the eampaighsrgf both sides in_
the 1980 Maine Nuclear Referendum. Discuss the language of the
refevrendum arid the manner in wnich the campaign was conducted:

7. Htold a meck referendum on ruclear power: 7§hggsgﬁf1ygi§tudents
for pro and five for con. Designate all other students fo be
the voting public: :

8. Take a field trip to a power generatiig ..ant. Compare the
processes of different power plants.

3. Use dominces to demonstrate the chain reaction in the fission
of a fissionable materials, such as U-238.

10. Coilect articles on nuclear energy. Include uses in medicing,
industry, and energy.

11. Locate current and planned nuclear power plants. Discuss
reasons for these sites. Compare a2 zep of current sites with
a map of five years ago. What are the implications?

RESOURCES
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Atomis Irdustrial Forum Inz.; Nuclea ..ormation 1980, Nov.; 1981.

Aware; Madiscn; Wi: Community Perfermance Publications, Ihé;

Bail

1986
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1979.
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SHEET N-2 , 5B

Table 1 shows tha averace dose from natural radiztion in the U:S:

- - Table 1
' U.S. Avarage Natural Radiation Dose
Source Do.g (mrem/year)
Cesm1c rad1ati6h ) 40
Radionuclides in rock, 5011, etc. 26
Radionuclides in ihe body ’ 24
Total ‘ 90

Man-made radiation adds to the average does that everyone receives.
Most significant is the dose from medical and dental x-rays. A small

amount of radioactivity is also received from fall-out from Weapons testing

and from nuciear reactors. ~Table 2 gives some examples of man-made radiatic:

exposures that give an avisrage of 100 mrem per y=ar to everyone in the U:.S.

Table 2

Man-T:4e Sourses of Radiation
." Source Bose

Environmental - S
Nuclear weapons testirg 7 mrem/year
Consumer products suci ~c

TV, luminous watche:

~ microwave cvens . 1 mrm/year
Nuclear reactors S
~1iving at site boundar, 0.03 mrem/year
Nuclsear reactors (average : S
_person in the popluation) 0.01 to 0.001 mrem/year
Medicine and Dentistry L

Chest x-ray 22 mrem

Whole mouth dental x-rays 910 mrem

Breast mammography 1,570 mrem -

Pacemaker insertion with S

~ fluoroscopy : - 132,000 mrem

Rad1at1on treatment for S

-one carncer 6,000,000 mr m o

with each other because of various fatteors which influence radiation
effects.

Note: The doses listed fci- medicine and dentistry cannot be directly. compared

‘Radiation effects are not dependent solely on ‘the amount of radiation

received. Other factors must be wonsidered. The rate at which a radiation

duse 15 received is an importint factor in determ1n1ng its effect. This is
becatse Tiving tisciue is not inert. As soon as damage i< produced, hea11ng
begins. Thus; if a particular dose is delivered over a long period, it is
possible that repair keep up with the damage, so that no <etectable ‘change

would be produced: On the other hand; if the same dose is delivered ail
at onée, the change may be noticeable.



IS FOR OilL SHALE

OVERVIEW:

The students irvestigate 0il shale, its origin, the procsss ¢f extracticn,

t
the environmental/economic implications; and potential enerygy output. Alsc;
m

the, grasp the difference between petroleum reserves ard oil sha’e:

TEACHER BACKGROUND:

~ 0il shale, formed in many geoiogical periads and found in many parts of
the world; is a sedimentary rock of fine-grainedness which contains kerogen.
When kerogen; is heated te 300-47G°C in a retort; it separates intn both gaseous

- and liquid hydrocarbons. Although these extracted liquid hydrocarbons ypesemble
crude o0il, they must be upgraded before refining.

il sha]e ho]ds its o7l very t1ght1y Even at 1 atmospheric p-assure
after detergent wash1nqs, the 01l remains locked in the rock. Recuase it is
-Jdifficult to retriéve, - has not been a comp°f1t1v¢ source of netre UM,
With the spiraling prices for petroleum,; however, ¢ii shaie rus becom: a
prof::able resourc:s. :

, Uil shale formation is far less restricted than well oil. It can cccur
whergver organic matter is depos1ted within sediments. Since it is essen-
~ially part of the rock, it doesn't require elaborate "salt dome structuras"

to contain the liquid.

The 0i] shale reserves in the western part of the United States are
fairly close to the surface which makes it cheaper to harvest the rock,
wWhereas, weé dre presently having to expand our research for conventional
pétrolaum resources into the continental shelf which increaces the cost of
the oil from this process. .
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0il-shale may be. easy to obtain, but 0i1 from that shale is not. The

011 is bound so. tightly and in such dilute amounts that many tons of shale
myst be 11%4a: 'ally crushed and washed to produce s1gn1f1cant amounts of
0il. The nassive amount of water which must be used in the refinirg

process inost be considered when evaluating the environmental and economic

. costs of this energy source:. . Speculations on the amount of energy obtain-

able from oil shale range frcm amounts capable of supp]ying the total U.S.

fuel requ1rements for 10 years to ngt enough to provide the transportation

needs of the U.S. for 1. year: The environmental damage done by strip

mining for 011 shale might be cost-effective if the former energy estirate

vWare correct, but hard]y worth it if the latter estimate were correct. There-

fore; a more exact estimate of proven reserves is very important.

Thererore, before 0il shale is developed far*her, one must consider the
advantages ia relation to the poterntial energy ou. ut

The potential energy that an,energy reserve couid furnish depends
upon two things. How much is there (how much can be econc=ically mined)
and how rapidiy it is used. For example; in 1960 the total U.S. supply

ef crude 01l consiscvea of 32 billion barrels,; but in 1975 t-= figure RES

33 baliior barrels. Even thuugh many billion barrels of 01l had bezn sed

in this irnterval, the total reserve had 1ncrea"ed bechce of the nu*ae" of

new 01l finds: *he problem with this picture is that in 1900 this reserve
was. enough to supply the U.S. for 1::8 vears, whereas in 1975 the 33 bi'licn
barrels wouid only. last 11.3 year.. 1hus, even with all the new oil
disccreries; the reserve was shr1nk1na due to incressed demand. Demand

for petroleum products is still 1ncreas1nq,,and tne number of weils i3
decreasing each year. The problem is une of row long will the rzserve

last and what is our real need for energy.

STUDENT ACTIVIT;E§ EOR OIL SHALE: '

Recommended for 7-12:

1. Prepare 1eaf1ets,,badges, or. T sn1rtq regarding envwronmenta'

2. Determine the longevity of the energy reserves such as cil,
coal, ©1l shale, etc., based on avail.ple information. Ueter=
mine which factors cause this .-stimate to increase/decrease.

2. Calculate the volume of rock that would have tu be mined to .

provide 100% of the U.S. energy supply for 1 year if oil shaie
were the only source -of energy used. Equate this area to the

size of the students ' town, county; and state.

4. Discuss the role of water in the refining processes of differeu:
energy réébUYCéS (Refer to "L" is.for Liquid Synthetic Fusls).

5. Discuss the various eco1ogn,a1 dangers which m1ght rasilh freo
mining different energy resources
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6. Discuss the sequences leading to the formation of petrofuels
(Refer to “F" is for Fossil Fuels): - '
7. Plan a class project of writing to various agencies for more
. information on 01l shale. '
8. ‘Develop a chart on the kinds of mining extraction methods,

such as fracturing, in site mining, etc.’ :

5. Develop a chart on conservation measures introduced as a

result of this new_technology, such as (a) explosive fracture
studies on oil shale, (b) organic contaminants introduced into
ground water by in site or shale retorting; and (c) the physi-
cal propertjes and geotechnical properties of a fine-grained

spent: shale waste:

10. Participate in periodic brainstorming sessions in which students
suggest the long range affect of oil shale extraction: (A1l
participants are néw hypothetically full-time residents of Denver;
Colorado:) B

11. Develop a year-long geological timetable, The school year is 180
days from early September to early June. Thus, a room-length.
scale of geologic time is constructed on a drapery valence and
-hung above the chalkboard with a hash mark for each of the 180 days.
Since most estimates place the age of earth at 4 to 5 billion_
years, each school day (hash mark) corresponds to approximately

.18 million years.- A movable arrow is used to indicate the present

record events, such as the formation. of oil shale (Birthday Party)
and duration and significance. .

date. As the oil shale discussion.unfolds, markers are used_to

Recommended for K-12:
1. Locate places in the United States where oil shale is found.
2. Examine physical characteristics of shale.

3. Discuss the environmental implications of the development of oil shale.
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OVERVIEW:

‘Students ean becore more familia: with OPEC countries by studying their

geography; people, and customs. As dependence on petroleum in Cur everyday

jives is emphasized, students will recognize the world influencz of OPEC.

“" drganization of Petroleum Exporting Countries (OPEC) is an association

of 13 nations, most of which depend heavily on 0il exports for their income

and foreign trade. The members of OPEC are Algeria, Ecuador, Gabon, Indonesia,
Tran, Iraqsy Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab
Emirates, and Venezuela. ' : '

'OPEC provides a common policy for its member nations. For example, it

_establishes prices, taxes, and various trade rules on the oil exported by
those countries. ~Currently, the members of OPEC produce more than half the

0i1 used in the world. T iso supply about. 85% of the oil imported by

non-member nations. As a result; OPEC has a major influence on the petroleum

industry throughout the world.
~ The Organization of Petroleum Exporting Countries was established in_
1960 and has four main governing bodies: The OPEC Cocnference, the highest

_ authority of the organization, meets twice a year to formulate general = -
policies. The Economic Commission advises the conference on 0il price matters:
The Board of Governors, which consists of one representative from each membey
nation, meets at least twice annually. It supervises the affairs of the :
Secretariat, the administrative branch of OPEC. The Secretariat has permanent

headquarters in Vienna, ~Austria.

i)}
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Becatise of its addicticn to oil and love for_the automobile, the United

States is dependent upon imported oil from the OPEC nations. This dependency

places the United States in a vulnerable position since throughout history
many of these o1l exporting nations have faced bitter struggles which threaten
to cut off oiljsupplies to tne United States and other oil_dependent countries.

Both the ArabJfi1 Embargo of 1973-74, and the Iranian revolution of 1979 had '

traumatic effects. Although the 0i1 embargo continued only for six months;
it contributed to one of the worst recessions in United States history in

forty years: Another r)ssibility is the loss of oil from Libya and Algeria,
two nations with a history of feuds, religious hatred; and nationalist strifes:

Far worst than any of the above is the possibility of total cut off of Persian
Gulf oil. , :

The United States must assess its needs and find alternative energy
sources. ' :

Reconmended for K-6:

1. Request literature on an OPEC country from its embassy in
Washington, D:€: -
2. Using an outline map of gl the OPEC nations in the world;

Jor one other major city of the GPEC

jdentify the capitals an
countries.
3. Using a bar or line graph, show the annual oil exports to-the

. United States since the 1973-74 0il1 Embargo.

4. Group six students together based on one common denominator;

sich as eye or hair color; and have them attempt to make
school decisions to which they must ‘ail agree to abide. Have
them 1ist problems they encountered in their organizational
meetirigs and relate them to the OPEC meetngs where common

accord on all oil exportation must be agreed.

Recommended for-7-12:
1. Describe the size; population; language(s), religion(s);,
political state, leader; and products that are eyported and
imported (Sheet P-17§. : .

2. Determine the pér capital income (total revenue divided by
populatioin) for one OPEC country: (How does their per capita

income compare with the §i§i2)_

3. Divide students into groups. Assign each group one OPEE

country to report on its political; cultural, and religious
aspects.. Present orally to class.

4. Report on the estimated and proven petroleum reserves; number
of new wells drilled each year; number of barrels pumped last

year, and total revenue from the sale of petroleum for one OPEC

4 oy
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5. Use Lord Bryce's definition on conservative, liberal, and radical

to categorize each or the 13 nations according to the standard
of 0il exportation price demands. The publicity of OPEC meetings
in the United State press and television will provide adequate

rasource information. (Bryce's definition: conservative - make
1ittle or no change; 1iberil - change the present, perhaps.

increase prices of cil; radical -~ destroy the present, create a_
new system; e.g., organize price increases to a level that.would

) destraoy the present economic system. Third World countries would
_ replace United States and Eurcpe as powers.)
Recommended for K-12:
1. Name and locate OPEC nations on a world map.
2. Locate samples of products made using petroleim (gasoline,
vaseline,; grease; plastics; insulations synthatic fibers, etc.)
“and those not using petvoleum. Don't forget petroleum used for

t'7””””"i
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“The Arab World; :Inc.;" National Geographic October; 1975; p. 494.
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p. 39. ) '
Bird, K. "Tomorrow Belongs To OPEC," Nation, Deceiber 13, 1980,
231: 636-640: o ,
“Boosting Aid To Soothe an Angry Third World;" Business Week;
Fabruary 4, 1980, p. 42:

WCartel In Confusion;® Newsweek; December 31; 1979, p: 30:

"Changes In OPEG That Are Driving 011 Prices Wild," -Business Week,
Octbbér 29, 1970, p. 77.

"Conflict Over Countering the Cartel," ek, July 30,

1979, p. 56. :
"Dry-land Fleet Sails The Sahara;" Eiiiﬁéélgﬁéﬁgiaﬁhfés Novenmber
1967, p. 696. B

"Ecanoiiy Becomes A Hostage;" Time; November 25; 1979; p: 40;

Engler, R. “Letting Big 0i1 Do It," Nation,.October 25; 1980,
231: 393+. ' -
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"Eng]xshman s Advice - o.aﬂd Up to -0PEC," U.S. News, November ¢6*
1979, p. 35

“France's Stepchild, Problems and Promises," National Geographic,
June, 1960, p: 768« : .

“Gabon: “#mbassadors cf Gooc ii11," National Geographic, Sept. 1964,

¢ p. 297.

"Gloomy 011 Views;" Time; June 30; 19805 p. 47.

Here They Come Again: Less Production, More Profit," Time Dec. 17,
1979, p. 69.

“How The Dollar Cushions OPEC's New Pr1cé," Bus1ness Week, June 9,
1980, p. 29. :

"Indonesia. the Young and Troubled Island Nation," National Geographic,
May, 1961, p. 579 .

“Iran: Desert M1rac1e, ﬁéiiéﬁélgﬁééﬁiahﬁié; January, 1975, ﬁ; 2.
"The Kurds of Ir'aq,"L Natlgnalgﬁeognaphlc March 1975 p. 364

"Kiwaits Aladd1n ‘s Lamp of the M1dd1e East;" National Geegraph1b,
May, 1969, p. 636.

Marshall, E. "P]ahﬂing for an 011 CUEé?f;" Science; duly 115 1980;
209: 246-271. —

"New Recycling Crises for Petrodollars," Buéiness,week June 23; 1987,
p. 120:

“The Niger: ‘River of Sorrow, River of Hope;" National Gesgraphic,
August 1975, . p. 152. .

"Now It's OPEC That Has a Problem," U.S. News; June 23; 1980, p. 9.
"0i1, The Dwindiing Treasure," National Geographic, June 1974, p. 792.

"OPEC Fails to Make a Fix," Time, December 31, 1979, p. 22

“GPEG Ra1ses the’ Ce111ng, Time,-June 23, 1980* 5’ 14. ' ﬁ

WOPEE's at Work and Play," Newsweek, December 31, 1679; p. 32
”OPEG'S New Pincer Ploy," T1me, April 14, 1980, P. 83:

"OPEC s New Prices: The Last Boost?"  Newsweek, February 18; 1986
p 83:
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July, 1972. . T ‘ -

’

Pricing of 0i1 Divides OPEC," Newsweek,May 19, 1980, p. 60. =
"Rip=off Time Once Again," Time, August 13,1979, p. 41.

"Saudi Arabia: Beyond the Sands of Mecca," National Geographic,

"Saudis Lose Control of 011 Prices," Business Week, dJune 23, 1980; p. 27:
“A Special Report in the Public.Jnterest, Enerqy Facing Up to the -

Problem; Getting Down to Solutions, Nationa graphic; February 1981:

‘Stobaiigh, Robert and Yergin; Daniel; "Energy: An Emergency Telescoped;"
Foreign Affairs, September 1980; 58: 563-595. | :

"Venezuela's Crisis of Wealth," National Geographic, August 1976, p:. 175.

L : - . : -\'\

, Woffst.L. Facing Up to OPEC: A Decade of Alternatives,” U:S.A. Today,
: March 1986, 168: 17-19; ’ -
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IS FOR QUESTIONS STUDENTS HAVE ABOUT ENERGY AND TRE ECONOMY

N PeagTiekk
g el

%ﬁ’é@%ﬂ@@ %g

OVERVIEW: _ )

Although a selection of commonly asked questions about eneray is

included in this unit; students should be encourage to generate their

own questions. Recommendations for resources for each .area are given
after each guestion, along with pertinent comments. Because of the broad |

nature of these questions; no background information is provided. -

COMMON QUESTIONS AND RESPONSES :-

A. Is there really an energy crisis, or is it just a trick by
"the oil companies? . ) o .

As the concept of finite supply is virtually alien to today's
youth; students should be directed to review the formation of_
petroleum products to reaffirin the distinction between using a
tree, which can be replaced in 20-50 years, and using oil, .
which cannot be replaced for several million years. The rising
_rate of energy use should also be mentioned, as figures which
claim that our resources (coal, for example) will "hold us! for

the next 260 years at our present rate of use are very misleading.

Suggestions for further reading: "F" is for Fossil Fuels

5. What are the differences between nuclear; solar; wind; waod;
and coal power? .
Students often find it difficult to recognize that sunlight,
uranium, coal, wood, and rurhing water are all related in that
they represent energy scuvces. A power plant utilizes water

10%
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publicity.. Ahy individual putting conservation practices into

nlain about publie and industrial waste.

Suggestions for further readings: "C" is for Conserving Energy

SUCGESTED ACTIVITIES:

Recummended for 7-12:

1. Generate a question survey to be given to adults The

students should research the correct answers so tﬁey can
share them at the end of the interview.

Reconmended for K-i2:

1. Write their own questions and ‘exchange them By having

the students share their answers, they will be exposed
to more than one possible explanation of the same

2. Interview parents and grandparents to determine eneroy
changes and costs since they were ch11dren

o
g
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IS FOR RAOIATION AND OTHER MEANS OF HEAT TRANSFER

OVEéViEw-

Students investigate the three types of heat transfew ébhdﬁttibh;

convection, and radiation. Students identify areas within their homes

in which each type of heat loss occurs:

TEACHER BACKGROUND:

Heat is ;ransm1tted by conduction, convect1on, and radiation.
Since people can cnly exist within a very narrow range of temper-
atures, one should understocd heat transfer. Although people at
the South Pole have survived a few moments at -1000F. and test
pilots have survived "cooking" at 4000F. for a few minutes; the .
human body can tolerate only a few degrees change in its survival

temperazture without serious and irreversible damage.

- Historically,; man has always needed shelter with a livable
temperature for survival. Todays man has produced a society heavily
dependent upon fossil fuels for heat. Since fossil fuels are

finite, one mist reassess the basic thouqhts about heat transfer
‘methodoloegy.

Conduction is the trahsfer of heat through a cubstance by direct--
molecular contact. Every obaect consists of atoms. If one vibrates these
atoms, the-object "gets warm". The more energy one applies to the object,
the faster the atoms move and tné notter it seems. This action is not
localized: The excited atoms "bump" into other adjacent atoms much Iike
a crowd of people trying to get out of a small space. As atoms farther

108
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from the source are excited that portion of the: object warms up. This

process continues until the energy in the excited atoms jsn't sufficient

to activate another atom. When the heat source is removed-or it is far
enough from the heat source, the process ceases. This effect is similar

tc telling a crowd of people in a room that there is a-fire. As the
people bécome excited and rush from the room,; they bump into each other:

This hectic situation continues until the people feel safe. Likewise
if someone suddenly tells a room full of crazed people that the whole

thing i¢ a mistake,.the energy level of the people will fall rapidly
just by “removing the source of energy." This analogy explains why
‘heat or activity travelsfaway from the scurce of heating. How Fast and
how far from the energy source the distrubance is -felt depends upon the
characteristics of the medium. _ One does not rush out of a room as_ :
quickly if he has to confront foetball players rather than children.
Just as children can be pushed around more easily than football players,
~atoms in.a metal rod can be pushed around more easily than atoms in a

ceramic rod. Heat can be transferred by conduction, convection, and
radiation. : -

.- Convection is the transfer of heat by the movements of liquids and
gases.” When liquids and gases increase in density as they are cooled,

the warmer, lighter fluids rise. Convection currents are the currents
of liquids and gases formed by unequal heating. " The rise of heated gases

up a chimney are an example of convection current. 7

Both conduction and convection depend upon a meduim of transmission

. {(air, water, or solid):. Radiation is the transfer of energy in waves
~ through:space. Radiation can appty to either the process by which energy
is being transferred or the form of energy itself. Homes can be heated

by radiation. Solar heating depends Uﬁéhﬂthé fédfgﬁjbh of the sun.
" How many people have praised the warming character of a Wood Stove
. ‘and cursed the draft near their windows! Both of these examples; one

good and the other bad, represent heat transfer: Since heating and cool-

ing, which can only be really understood by understanding how heat is ™ -
transferred, are such a vital part of one's total energy use; it is

imperative to talk about these forms of energy- use:

o

~7

STUDENT ACTIVITIES FOR RABIATION:
Recommended for K-6: |

1. Discuss what happens in terms of heat transfer when one goes

outside in January in one's snowsuit. Determine what happens
when one comes in and stands by the fire in his/her Snowsuit
and why it is better to keep the snowsuit on outside. Will

" one get warm faster by the fire with it on or off? Why?

o i
2. Make posters of effects of radiation, conductions, convec-
tion on people in various sitations; e;g.; magazine pictures

of people on beach, touching :ce; standing by fire; skiing; etc.
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3. Observe a lava lamp; discuss convection as a movement of
©  fluid (wax) up and down. Also; discuss as a method of
heat transfer. . ®
4. Use a draftmeter to explain how to coenstruct measure .
infiltration of cold air (by convection) in the school
or home. - - -

5. Analyze the importance of closing storm doors. (Since

‘the concept of money as a finite quantity is intangible
to most small children, set up a_hypothetical situation
with an exact amount of money. Give them a 1ist cf
monthly bills; such as utilities, taxes, rent, etc. Ask
them to list their needs and desires. Have them dete: -
mine whether or how they can decrease some expenditures,

- such as for heating by exercising better energy habits.
Recommended for 7-12: 7 7

A+ Discuss factors Which enhance/retard heat loss by

7 conduction, convection; and radiation.

5. Discuss advantages of a "sealed" window over a non-

sealed window in terms of heat loss through the three

Keat transfer methods:

3. Using a Tight as a heat sodrce, heat four baby food_

jars ‘or beakers of sand - black, brown, white, et al.
Record temperature every 30 seconds for 15 _minutes.
Turn off light. Record temperature every 30 seconds

for 15 minutes. Graph results. Do all materiais
absorb Fadiated energy at same rate? Do all color.
materials radiate energy at some rate? Discuss rela-

tionship of black/white and color and heat transfer.

4. Discuss the importance of surface color and surface

temperature to radiational heating. (The DOE packet

"Solar Energy I" has several activities that pertain
to this activity. :

, §. Analyze the electromagnetic spectrum to determine where
- U ‘along this energy continuum infrared (heat) energy
- | occurs. Relate this low energy radiation to the
Greenhouse effect.
6. Demonstrate the ring and ball apparatus. Discuss the

expansion caused by conduction:

7. Research the terrestial heat effect. Examine the
"" relationship of the terrestial heat effect and the
* three methods of heat. . o
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Recommended “for K-12: : J

7. Discuss the advantages of placing thermal shutters over.
windows or of closing drapes/curtains at night. Discuss
how these measures d*srupts the convect1on c001ihg cycle,

2. Uiscuss the advantages of singie, double, and triple .
paned-glass windows in terms of heat 10ss. Relate this
to cost of materials, aesthetics, and monetary savings.

RESOURCES

Go]dste1n, R d Heat Transfer In Energy eonservat1on

of Mechan1ca1 Engineers in Atlanta, Georgia on November 27-
December 2; 1977.

Hartnett, J.P. Alternative Energy Sources: Academic Pﬁégé;
1976; ’ _ '
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IS FOR SOLAR HEATING

-

- ) -
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o

.
OVERVIEW:
 The students explore the feasibiTity of sotar—energy, its advantages
= and disadvantages. They learn the basic principles of solar collection

and the methods; direct and indirect, for solar heating:

" TEACHER BACKGROUND: . - L Lo

‘Energy from the sun is called solar energy: It is the result of the
continuous nuclear reactions taking place inside the sun. Solar energy 1s
sometimes called radiant energy. The sun generates along a large portion

dfﬂthé,é]éctromagnetfspgg;rgmfglighyirihfFaFéd; radio, ultraviolet, and
X-rays). About 30% of the solar energy that strikes the earth is reflected
back into space. Another 23% is absorbed by the earth's atmosphere. . Forty-

severi percent is absorbed by the earth's surface. Most of this absorbed

energy consists of visible and infrared light.

‘When this radiation strikes an object, a portion of it is absorbed and

transformed into heat enérgy. The heat ehergy is them stored in the material
itself or conducted to surrounding materials, thus warming them: Heat can

also be carried off by air and water flowing past these warm materials in
what is called conduction and convection heat flow. It is obvious to anyone

Who has walked barefoot over a sun-baked pavement that a material can be
heated by the sun: It is not obvieus, however, that the pavement radiates

to space keeps the earth from over-heating and saves us from frying

éomg_iifthé;bggtfaWay in the form of infrared rays. This thermal radiation
DACK
to a crisp.

‘ v

o
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Glass is the miracle substance that makes modern so]ar heat1ng possible:

It transmits shortwave visibie 1ight:; but it absorbs Tong wave infrared

radiation. Once inside, tne sunlight is transformed into heat energy which
will not be radiated back outside. This phenomenon is kinown as the "green-
¢house effect". An example of the "greenhouse effect" is the hot stuffy car -

as a result of be1ng Teft in the sun with closed doors and rolled* up windows.
N

are embodied in the greenhouse The sun's rays pass through g]ass or a
transparent plastic and are absorbed in a dark surface. The heat produced
cannot escape readily because thermal radiation and warm air currents are
trapped by the glass.: The accumulated solar heat is then transported to
the 1iving quarters .r stored for l:ter use.

There is. often an overabundance of solar energy when it is not needed
none at all when it is most in demand. Some means are required to store the
collected solar heat to use at n1ght or during periods of cloudiness. Any
material will absorb heat if it is colder than its envirenment, and will
lose heat if it is_hotter than its surroundings. The objects inside a house;
‘e.g:; the walls; fleers, and furniture, can, therefore, serve as heat storage

devices: Extra heat can be stored in insulated tanks of water or beds of
gravel located within the rooms or in a cellar: ,

The simplest _means to heat a home is by the direct metnod, sometimes

called pass1ve The sun's rays,; penetrating directly into the house; heat
+ the massive internal structures, such as concrete floors and fireplace

-bricks: This method is best used on well insulated homes because the heat
input is generally small. The advantages of passive solar are its low costs;

the disadvantages are in the Tow heating potential and in the low realiability:

Indirect methods for,§91§r,be§tlngwﬁeetlye,§91ar)Wgener§11z,U§e,r99ft9p

solar collections and separate heat storage devices. After being heated in

the collector;, the liguids or air is moved through pipes or ducts: Pumps or

fans are required to circulate liquids or air through the collector and back

to the insulated heat storage containers. Tanks of water or piles of rock

can be used for storage of heat which is recirculated to the rooms. These

systems are called active systems because they need mechan1ca1 power to move

heat. Advantages of this type of system are that it requires 1ittle owner

attention if properly designed and installed, and it is more readily applied

to existing homes. The disadvantage of active solar is the cost of the

collector, the storage tank,; and the 1nsta11at1on

__ Whether or not solar heating is cost efficient for a Shééifié site -
depends upon a yar1ety of factors; such.as orientation of the building,; slope

of the collector;”and.the number of aegree days at the site:. Much of this

type of information is presented in the reference books at the end of this

section.

-

STUDENT ACTIVITIES FOR SOLAR HEATING:

Recommended for k-6:

1. Take two boxes. Paint one black and one white.. On a sunny day,
set these in the window for 10 minutes. Measure the temperature
in each box. Which one is higher? '
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2. Take two bexes painted black. Place a red brick in one and nothing
" in the other. Placé both boxes 1in .the sun far 30 minutes. Take
the temperature of _each. Vgempyé,frém,suhraﬁqriﬁsgft the thermometer

hear the center,.but not. touchlng the brick: Check the temperature
every minute for 30 minutes. Th1s illustrates the principle of
Thermo-Mass.

3. Take four étyﬁaébam cups . Pa1nt two black and leave two white.
Place tap Watéf in_each cup. Place the one black and °n¢”WhlE§

the temperature every th1rty minutes.

4. Discuss ref1ect1on as it influences passive solar ﬁeat1ng What

-factors increase/decrease this. effect? Decorate a model house

with foii flocked designer wallpaper in one room and regular wall-

paper in another:. Compare the heat retention.

5. Experiment with the heat,storage capabilities of sand, salt, water,

“and air that have been in the sun for 30 minutes. Graph the results

every two minutes for ten minutes. (Severgl other act1v1t1es are
in the DOE publication Solar Energy 1):

~ Recommended for 7-12:

" 1. Construct a model greenhouse with a wooden frame and poly-ethylene
, cover on the school property. Study the "greenhouse effect," {ts
o causes and effects. .

2. Build a solar cookér

(ang1e ‘of sun, 1at1tude, season, c]ouds, and part1cu1ates in
atmosphére)

4. Examine the cohcept of "thermal storage" as a means of making
solar energy more desirable, i.e., the type of storage media,
~carts, and réquiréménts for rédeSTgning homes . _
5. Design a so]ar community in which the total energy demand is
supplied by either active and/or passive solar. What types of

changes in the community will make the design feasible?

6. Discuss the advantages and disadvantages of a photovo1ta1c

conver51cn of sunlight to electrical energy.

7. D1scuss the novel "Solar Eng1nes," such as the solar furnace,
solar cell, and Sterling engine. ;

8. Construct a solar hot water heater. Directions are located in
the DOE publication Solar Energy II. )

t
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9. Experiment with heat storage capabilities of Thermol 8]} energy
. storage rods. Determine the eutectic salts that work on the
2/ phase change principle.

Recommend for K-12:

1. Research what is needed to build a passive/active solar collector

in the town (orientation, glass area, angle of collector, etc.)
and its cost.
2. Discuss some of the advaﬁ%g@gé7éﬁﬂwai§éﬂ§éﬁt§§é§ of solar energy,

such as the kosc, weight of the structure, etc.

RESOURCES:

Bailey, R:D. Energy Conversion Engineering. Addison-Wesley Publishing
Company, 1978. _ . .

Bezdex; Hirshberg; and Babcock: “Economic Feasibility of Solar Water

and Space Heating." Science, March 23, 1979, p. 1214-1220.
Bolton; J.R. “Solar Fuels." Scienca, November 17, 1978, 202 (4369);
p. 705-710. ° - -

~ Buckley, Shawn. Sun Up to Sun Down. McGraw=Hill, 1979.

Commorer, B., Bokenbaum, H., and Carr, Michael. Energy and Human  _
Welfare. Volume II. "“Alternative Technologies for Power Production."

MacmiTTan Publishing Company, 1975.

"Electricity From the Sun" National Geographic, February, 1981, p. 40:

Energy Workshop and Forum for Scienctific and Engineering Educators.
Held at M.I.Y. on November 29, 1975. -

tion Potential. Worldwatch Paper 40, Washington
Institute; November 1980.

Flavin, Christopher. Energy and Architecture: The Solar and Conserva-
i . D.C.T Worldwatch

Fowler, J.M. Energy - The Environment. National Science Teachers
Association, 1975. _

Gorham, J.W. Solar Concepts. 'Maine Audubon Society, 1979.

‘Halacy, D.S  Earth, Water, Wind and Sun. Harper & Row Publishing Co.,
1977.

Harnett; J.P. Alternative Energy Sources. Academic Press, 1976.

Lovins, A.B. MWorld Energy Strateqies. Friends of the Earth
‘ International, T1975.
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Maine Solar Site Eva]uator, Maine Office Energy Resources Augusta,
Maine.

Merrill & Gage. Energy Primer. New York: Dell, 1976.

Mcbaniels; David: The Sun. John Wiley and Sons, 1979.

Oatmen; E:F: Prospects % r'éhéﬁ§2‘§ﬁ'éméricé. H.H. Wilson Company,
1980. ' :

5’[-,

"Pa551ve Design: It's A katiral. So1ar Energy'Research Inst1.ute,

' Go1den €0, 1980, SERIIsp-432-521R
Rued1s111 and Firebaugh: Perspectives,oh,éhé?gy: _Issues, Ideas, and

Envlrgpmentalgbilemmas, New Yark: Oxford Univ. -Press; 19/8.

Power. W.H. Freeman and Company, 1971.

Sc1enb fic American.

Shepard, M.L. IntroductlongtogEnergygIechno1ogy Anii Arbor Science
Pub11sh1ng, 1976. .

Singer, S.F. , Energy. Readings from Scientific American, W.H. Freeman
and Company, 1979. , ] oL

Stoner, C.H. Producing Your Own Power: Rodale Press, ié?d.

Vezirogulu, T.N. A]ternatJveAEnepgyASuuncesk,JhLiniernat1ena1,,
Compendi um. Washington, D.C. Hem1spﬁ‘¥e PubTishing Company; 1978+
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IS FOR TIDAL

 The question of where tidal fits into the larger energy picture
itroduced, and some of the problems associated with tidal power are

i

Q| =dal
wni
(2]

iscussed.
o ~
ACHER BACKGROUND

Energy taken from the tide is not unlike energy taken from other forms

" moving water. Hydroelectric power utilizes the potential induced when

ter, as water vapor; is transported up mountains and allowed to flow back

~ the seas. Tidal power utilizes the potential energy produced in the World's
eans in response to the gravitational attraction of-the other planets. - (Refer

"H"is for Hydroelectric for an explanation of potential and kinetic energy) .

The forms by which one takes this energy differ. to some degree Since the

de_does not flow continuously,; but rather proceeds by waves.. Whether the
ergy is extracted by a turbine or by an induction pump,; the principle is
e same--moving water gives.its energy to some sort of mechanical motion.

understand the physics of water waves requires an indepth understanding
‘meteorology, bathometry and the physics of waves in general; but one has
ly to stand on a beach during a storm to know that the energy locked in
ves is substantial: - : y 3

The problems with tidal-power fall into a technological and a biological
tegory. The technical one is simpler to _solve, for example, how to design
system that can take some of the energy from & wave but will withstand the .
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sea water how to secure such a huge _ structure to the bottom and be sure
that it won, 't wash up on the beach after a storm, etc. These types of.

-problems can all be answered if it becomes important enough for us to do
so. It is the second class of problems that pose a more serious threat

\\\_,to the feasibility of power generation from tidal forces.

o

Hater in motion carries sediment: Whenever one siows the water down,

some of the sediment must be dumped. When water does work; such as turning
a turbine blade;, it loses some of its energy and is slowed down. When one

combines these two pr1nc1p1es into a wave generated power station; the sed17

ment normally carried by the water is deposited: This deposited sediment presents

a problem. Since certain organisms live in the muds/sands of the sea bottom,

a large number would die from all that sediment. Eonsequently, there should

be a serious alteration of the ecology of the:entire area.  Ore solution to

the sediment problem is to build a dam to trap sea water at high tide which

then can be used as a hydroelectric reservoir (see letter "H"). There are

several potent1a1 sites:

) The p01nt of this discussion is that an ecological system is not a

static thing, always rema1n1ng the same regardless of what forces act upon

it. Most ecosystems are in a fine balance and sometimes even a small force

is sufficient. to upset them. Thus, there are two questions which must be

< asked whenever considering an alternative energy source. Can we deve1pp

the technology to use the resource, and what is the damage to the environ- i

ment when we develop the a]ternat1ve? One must understand the environment

so. that. he will know what he gs doing when he puts in that harmiess little

facility. The question one fiust constantly ask himself/herself is progress
at whargpr1ce7

STUDENT ACTIVITIES FOR TIDAL:

Recommended for K-6-

1. Discuss causes of i1des Earth ~'sun moon mode]s can be used to
explain 'sprina’ and neap tides.

2. Take a field trip to the ocean at Tow t1de to examine tidal, zone.
Discuss both the environmental and physical aspects of tides.

>

3. Build a water wheel and demonstrate how mov1ng water can produce
useable work.

Recommended for 7-12:

1. Locate on a world map the areas most suitable for tidal power .

prosects Discuss the reasons why s/he considers these areas
promising.

P N

2.: Research some of the problems associated with the generation of
power from the tide/waves.
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3. Des1gn a tidal-power proaect and try to "sell" the idea to the rest
of the class.

4. Research the 1ega1 and land use pr1er1t1es questions involved
- with tidal power production.
5. Determine the relative amount of energy the tidal facilities
could provide relative to the power from 0il/nuclear power
facilities. ‘ :

.

6. Generate e]ectr]c1ty us1ng a water turbine and generator in a nearby

[y >0 A

stream. Demonstrate the electricity produced using a 11ghtbu1b or
other su1tab1e B.C: dev1ce.

7. Build a ripple tank and wave generator. Study the mathematics of
of waves and the motion of waves as they approach and break up-in
shkallow water.

Recommended for K-12: ’ .
1. Construct a long low tray ( approximately 1' x. 3' x 2"). Build a
.~ beach at one end_and fill the tray up_about halfway. Make waves
‘1n the tank by plac1ng a rule or s1m11ar shaﬂEH object in_and out._

’effects on the depos1t1on -erosion process.
2. Role play a town meeting to discuss the desirability of aiigwiﬁg”
é’WéVé pbWé? Stét1bh tb bé bﬁ11t 6Ht51dé thé1f hafﬁéi., Have ‘some

bus1nessmen

RESOURCES :
Cirran; S.C. Energy and Human Needs- John Wiley and Sons; Inc.; 1979.

Fow]er, J M Energy and the Envifonhent Souree Book: Hashington; Bb: C:

-

Friedlander, G.D. "The Quoddy Quest1on Time and Tide." I.E.E.E.

Sprecturm. 1(1); pg: 96; 1964. .
Gray; T:J: and Gashus, 0.K: Tidal Power: N.Y.: Plenum Prews; 1972

Halacy; D.S: Earth; Water, Wind and Sun:. Harper & Row Pub: €o:; 1977.

Héber;Scheim1”Ur1, et al. PSSC Teacher's Guide. Lexington, MA:"
Heath Co., 1981. ’

Lovins, A.B. wOrld Energy Strategies. Friends of the Earth
—~y International, 1975. .

R
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National Academy of Engineers. Toward Fulfillment of a Nationa}
0cean Commitment. 1972. i

Proceed1ng§ of the Offshore Technology Conferencej Volume 1-4; 1979;

iTth Annual Dffshore Technology Conference at Houston Texas on
Rpril 30 until May 3, 197¢°.

Proceedings af the Speciaity Conference:  Civil Engineering in the
Oceans :1V-. Volume_ 1 and 2 held at San Francisco, California on

Sepfeﬁﬁéf 10-12, 1979.

Ruedisili; Lon & Firebaugh, Morris. Perspectives on Energy. N.Y.:

Oxford Un1vers1ty Press, 1975.

Saint John River Hydroelectr1c Eower Development " .S, Department

" of the Interior; Washington, B.C.,; 19863.

Walker, H. "France Meets the Sea-in Brittany." National

Geographic. April; 1965.
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OVFRVIEW:

 Students will become aware of the advantages of carpooling. They are
challenged to apply the carpooling concept to their own family and neighbor-

hood; and are encouraged to participate actively in the estabiishment of car-

paol groups locally. In addition, students are enabled to share their
ideas and suggestions through posters, games, art, speakers and discussions:

TEACHER. BACKGROUND :

As educators in the 80's, we have a definite responsibility to help
our children become energy conscious. - Perhaps the most difficult, though
the most obvious area of concern, is that of automobiie use:. Today's. . ,
children have grown up with the convenience of the automobile. Even though

they hear much grumbling about the price of gasoline,; the automobile is

still here, still moving, and still a crucial {or so they think) fiber of .
their existence. . :

The cold hard facts are these. There are more than 100 million auto-

mobiles in the U.S. These automobiies conisume some 76 million gallons of
gasoline a year; or use 14% of all the energy in the U.S., almost 3/4 of

all gasoline used; and 23% of all petroleum or oil.

During the 1973-74 011 Embargo period, transportation conservation

was an important measure.  Gas lines; -the threat of rationing, weekend._

gas station closings, odd-even gas purchases, and the fear of a cut-off
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forced many Americans intn a ‘new energy awareness. The Federal Government
ledislated a 55 m.p.h. speed 1imit which was hailed as a great and noble
.cause: "It nad an effect not only on conservation but also on traffic

- fatalities (9500 fewer that year): Over night the American autcmobile

industry, upon which much of our nation's soundness of economy is built,
plunged into a crisis of still echoing proportions: American automakers

nad failed to heed the signs of the times and were left with a plethora

of dinosaurs in the age of tue import: Relics of bygone time, they
cluttered new and used car Jots. Those gas guzzling luxury cars of yester-
vear became bargain Lasement items. But, of these sfmall car prices--out
of sight! Those who already awned a small car rejoiced; those who did rot;
shuddered. If new car prices were bads the news at the gas pump was not
encouraging. Gasoline edged up over the dollar mark and is still headed

toward the two dollar mark with no relief in sight. European countries
have little sympathy because they have long endured high energy costs and
point to “gheap" U.S. energy as a cause of our conspicuous consumption.

_If the financial cost of gasoline is high, the cost to the environment
may be greater still: damage to health, effects of pollution on materials
(rust, corrosion, need for repainting, cost of protective coatings), and
damage. to residential properties and vegetation. Exhaust from automobiles ]
and other vehicles of transportation are major contributors to the problem
of air pollution. Lead and carbon monoxide are only two of the pollutants
that can potentially cause damage to man. B

What is the educators' rele? Educators should focus on changing
attitudes. They should emphasize the importance of conservation. They
should stress the following points: the finiteness of fossil fuels, the
need for consolidating short trips; carpooling, and the importance of warm-
ing up the automobile engine. , ‘ .

Recommended for K-6:
1. Create collages dealing with carpools: Rave the purpose be one
; of generating awareness and interest. '
2. Design a city that will facilitate mass transit best, as weil as
carpooling: .
3. Present projects and discuss carpooling at the Back=to-School

Night: ‘
Recommended for 7-12:

1: Make up a game in which kids rate their families' auto habits. .
' For example, keep a log of the family car's daily usage.  Award

points for carpooling, consolidated trips, biking, or walking in
lieu of single passenger trips, and unnecessary driving. Encourage

students to help devise rules for the game. _

,’
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2. Help addlts set up carpools to their aEtivitiés.

3. Conduct group discussions. Suitable top1cs 1nc1ude the fo]loW1ng

use of cars by teens, restricting car use to those over 18, and

young adults' responsibilities toward the future. After this

opener (or open°rs) set up conservation projects to be carried out

by the student body. Set up a carpool number to ca11 for arrang-
ing rides.

4. Condgﬁt,survEYS,and,try,tu,predict,how,consumer choices and spend-
ing patterns with regard to the automobile may change as a result
of energy shortage. Does the carpool seem more attractive? What
sacrifices might they be willing to make? ’

5. Obtain copies of the U.S. Energy Department's interdisciplinary
unit ca]]ed,“uls.,Enérgy Policy--Which Direction?" Read Isaac
Asimov's "The Nightmare of Life Without Fuel." Tnis part1cu1ar
p1ece of future literature is sure to spark some strong reactions
in your students. A good follow-up might be to bring in other
pieces of science fiction or future literature for class collabo-=-
ration. What do scientists and authors envision as our energy
future? Take some. past science fiction and check to see whether
or not péSt brédictidhé héVé come to pass.

statistics on these autemob11es _Plan 1mag1nary tr1ps, comput1ng

costs of driving the dream car._  Plan another trip that is a form

of carpooling. €alculate the differencé in expenses and the pro-

bable savings for the last two categories. How do your students
. feel about their dream cars after the project_is completed.? By
- the way, don't miss the chance to make a display from the dream

“car project--after all, we all need dreams! .

7. Report on the gasoline rat1on1ng program during WWII. How di4 it

work? What were the major problems? What were the costs of ad-

ministering the program? How does the situation differ today?

Find out the comparative costs of a 1980's gas rationing program:
8. Write essays or editorials:
“Why I prefer energy efficient automobiles.”

icarpools--a great way to meet people and make friends."

D!

Croate cnrp0ﬂ11nﬂ commercials which may be read o the schoo]
intercom system or local radio/TV stations.

10. Study the city: Determine the best place(s) for carposling lots.
_ Take the suggestions %o the €ity Council. : i
Recormended for K-12:

1: §urvey the number of bééééﬁgéfé in cars. Determine how many cars
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Conduct at industry, at business, and at parking Tots. ~Chart the
the information: :

2. Design T-shirts or badges that encotirage carpooling. Wear them

on the same day to make an impressive statement. Perhaps the
principals may designate a special day for the observation by

- carpooling. Publicize the event on the radio or in the newspaper.
T
3. Invite community energy consultants to speak to the class:

4. Construct a diorama or bulletin board for the classroom; the
whole school, or the public library. .

5. Investigate existing carpool programs in their communities.
Invite participants to their classrooms or interview them on
cassette tape recorders. The skill of conducting an interview
is reinforced by this activity.

6. Keep a personal or family energy log for a week/month's time:
What areas could they predict savings for if they make efforts
at conservation?

7. Develop bulletin boards that emphasize the present world situation

and the need to conserve gasoline. Encourage carpooling.

8. Poll their neighborhood to See who carpools and why. Make up a
simple questionnaire that will not threaten potential poolees.
9. Make posters to encourage adults to carpool. Put them around_the

community:

RESOURCES:

Campbell; Sally R: An Educator's Guide to the Three E's: Energy/

Ecology/Economics. Gﬁﬁcago; TE: Sears,; Roebuck and Company, 1980.

U.S. Department of Enerdy: “Factsheets #11. Energy Conservation -
Transportation:” Nashingtcn; B.C. & .

U.S. Department of Energy. Transportation and the City. Interdisci-

plinary Student/Teacher Materials in Energy and the Economy. Prepared

by the Natlona1 Science Teacher's Association, Washington, D.C., 1979.
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IS FOR VENTILATION

OVERVIEW:

. ,f, o _ i L . o . ~ 7,
The concept of ventilation is presented: What it is; why is it
important,. and how much is enough? ,

TEACHER BACKGROUND:

~Ventilation, the deliberate control of the cirulation of air °
- through a hduse; can be done by fans and blower systems which move air
through a house at a predetermined rate. Most ventilation experts feel

that the average residence needs one complete change of air each hour to

control humidity and odors.

Doés the wind still blow through your house after you close all the

doors and windows? If so; you have a infiltration problem. Air comes in

around windows; doors; electrical outlets; chimneys, fireplaces; etc.
 (Consider that you have a one eighth _inch crack around all your doors
and windows. Two outside doors 73" X 36" and ten outside windows 48" x
28", the total length of this one eighth inch crack is the same as the ™ -
perimeter of all the doors and windows or 1,976 inches. Multipiy this
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by 1/8 inch and you have the total area of this crack as being 246 square

inches. This is the same.as having a 15:7" square ho]e in your wall.

What can you do about this problem? Caulk, and weatherstrip. Inex-

pensive caulking guns and weatherstripping are ava11ab1e which can solve

most of your problems. Be sure to caulk where the trim and siding meet

around your windows. If necessary, remove the inside trim around windows

and doors and fill the space between the window and framing with insulation.

Electric outlet infiltration can be solve’' by removing the cover plate

.and installing insulating pads made espec..lly for that purpose. Special

weatherstr1pp1ng for doors and windows will pay for their cost in fuel

sav1ngs within a relatively short time.

Another factor to consider is how often and how 1ong are doors left

open? You lose heat through the normal opening and closing of doors==
:if an outside door of your house is opened ahnd closed fifty times each
day and if each cycle takes th1rty seconds, it 15 the same &s hav1ng a

4 172 ft. square hole in the side of your house for about one half hour
per day. If the air moves through this hole at 1 mile/hour, you could
exchange up to 53550 cubic feet of air. This is equa] to about five com-

plete air exchanges or sixty cents worth or oil.

Infiltration problems can be solved. A dollar spent weatherstripping
or caulking could very well pay for the investment within a few months.

TV T T -

STUDENT ACTIVITIES FOR VENTILATION:

Recominended for K=6: ‘ip) -
1. Open the top half of the window, then the bottom half. Note which
ventilated the room best.  Try both..

2. Take a walking field trip to observe types of vents in homes.

3. Set a fan in a window blowing out and then in. Evaluate which is
the most effective. ;

4. Nail two boards toqether Place a bead of cau1k1ng at the seam.
Determine the effect of the caulking.

5. Record inside temperature on a hot and windy day, then open windows

on the side of the house away from the wind. After a period time,

read the thermometer again. |

. Recommended for 7-12:

1. Research the local building codes concerning ventilatisn. 7H§w7§§ésﬁﬁﬁri
this code compare with other area codes? When was the code established?

2. Compare the cost and lifetime of various caulks. The students can

practice form1ng cau1k1ng beads:

[y
oo,
T
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Recommended for K=12:

1. Constrict a draft indicator (loop a facial tissue over a clothes hanger)

and record places in their home where infiltration occurs. Compare the
infiltration around caulked and non-caulked windows with draft indicators.
Note you can use your hand as a draft indicator. . -

Related activities in C, I and S of ABC's of Energy.

RESOURCES :

Comiioner, B., Boksenbaum, Howard, and Carr, Michael. Ener ahd
Human Welfare. Volume I. "The Social Costs of Power Pro’Uct1on
Macmillan Pub11sh1ng Company ; 1975. :

Curran, S. C., and Curran, J.S., Enerqy and Human Needs. John Wfiey
and Sons; 1979.

FbWiér J. M. Enengy -~ Environment Source Book. wash1ngton, D. C.

Natﬁbhal Science Teachers Association, 1975.

Hartnett; d. P: Alternative Energy Sources. Academic Press; 1976.

Thirring; Hans: Energy for Man: Indiana UhiVéiSity Press,; 1958.

u: S: Bébé?théﬁt of Energy: Energy Conservation in the Hoie. L
Prepared by the University of Tennessee, Knoxville; Tennessee, Oct. 1977.

[
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Students will become familiar with the causes of wind, equipment for

measuring wind; and ways by which wind has been and can be utilized as an

alternate source of energy:

TEACHER BACKGROUND:

~ As o0il prices rise; more and more Americans are putting their gas-
guzzling cars to rest and turning to sources other than oil to heat their
homes. Wind energy is one source to which some have turned.

_Using_the wind as a source of-energy is not a new idea born in the age

of the 1970's, but an old one utilized by people tenturies ago. The earliest

~use of wind power was by the Egyptians over 5,000 years ago in sailing the
* Nile. The Persians in 200 B.C. were grinding grain by using the wind. The

Netherlands became the world's most industrjalized nation by the seventeenth
century prifarily because of its extended use of wind power. They used the
wind to pump water, grind grain into flour, and transport their commedities
to other nations. In more modern times, Europe had over 30,000 windmills

in the 1800's. The first electiricity was generated from the wind in Denmark

in 1880. By 1951, Denmark had 3,000 windmills generating electricity.

By the mid=nineteenth century, before Lincoin had even considered the

Presidency of the U.S., windmills were producing an annual energy output
equivalent o reariy 12 billion tons of coal. The development of the steam’

engine temporarily slowed down the growth of the windmill industiy, but it

soon picked up again as small farms.and homestead sprung up all over the

125
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midwest and west. By the 1930's, the peak of the windmill era, over 300

windmill companies were in existence throughout the world. In the early

1940's the largest windmill ever built was constructed in Rutland, Vermont.

It was over 110 feet tall and had braces with a 175 foot diameter. Its

output was rated at 1,258 Kilowatts (Kw). It ran only 1nterm1ttent1y Unt11

1945 when it lost a b]ade and was not repaired.

With the introduction of the Rural E]ectr1f1cat1on ‘Agency (REA) in the
United States which brought about cheaper and more conven1ent electricity,

the windmill industry p]ummetted ~ From over 300 companies in the thirties,
the number fe]] to about s1x maaor companies in the early seventies, at

.Can the eng gy of the winds be utilized enough to make a significant
dent in our engrgy demands? How much energy &an one expect to obtain firom
a given windmi11? Is wind energy dependable? ‘What is the cost of wind ,
energy--is_it 'free? These are some of the questions that must be considered
in our evaluation of wind energy.

) - Wind is a renewable source of energy brought about by the sun by uneven
heating of the earth's surface, making it a form of solar energy. During
daylight hours; the sun heats the 'and more than the oceans. Even though
equal amounts of energy may be reaching both land and ocean; much of the
heat reaching the ocean areas is used to evaporate water while most of that
reaching the land areas is used in warming the land surface. ‘The warmer
land heats the air in contact with it; and it expands and rises. Colder,;
more dense air moves in to fill the void, thus winds are_born. - During the
hightt1me héurs, the process 15 reversed as ‘the. 1and coo]s off rap1d1y The

warmer ocean air masses rise; cooler land air masses move 1nto the voids
cadsing off-shore winds.

w1nds are produced near uneven land masses in similar ways. §duthern

these s]opes rises creating winds. The coo]er air from the northern s]opes
fall; creating winds. In a given region (a town or even a schoolyard); the
wind will not be the same from one place to another or through the same

day. Topographical features. (hi11s,; woods; buildings; etc.) create areas
of high air activity and shelter. Although the rotation of the earth is

not a direct cause of W1nds, it does affect the direction of the already

moving air masses by causing them to twist:

 Although the direct and 4nstantaneous utilization of wind's power is

relatively simple (as demonstrated:by its early historical use); there are.

manyfgroplem§7ggngern1ng the reguiar co]]ectaon and conversion of wind power
to usable electricity. The most serious is that the wind does not always

blow: The weather bureau says that winds blow only 35% of the time although
regional differences must certainly be considered. . The wind does not always
have the proper strength or direction. Too low or h1gh wind speed causes the

wind turbine not to function. The ideal wind speed range is from 10 to 30

miles per hour. Because of its inconsistency and resulting unreliability;

some form of power storage is required. Possible storage techniques include

the use of batteries and the electrolysis method in which water is electric-

ally broken down into its hydrogen and oxygen components during times of

wind, and energy is released by their recomb1nat1on during non- W1nd periods.

3
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The cost of collecting and converting wind energy to usable electical

energy has been estimated at four to five times that of other sources: .
,7?',,,,,, e :777 R - - T T R S R
- /There are currently meny variations on_the Wwindmill theme. These

styles include the familiar four arm Dutch type, the multi-armed type

w traditionally used to pump water, the sail type, the egg beater type, and
p the new wind turbines. In addition, even newer possibilities including
* placirg windmills off-shore; building tiers of windmills, or using tunnels

to direct the wind are being investigated. Alsos conversion efficiency is

rising, Efficiencies of 70%, doubling the current figure, are now theoreti-
cally possible. _ -
The_energy of the sun that is transferred to the winds of the earth is

over 1021 kw hours per year. That is more than_a hundrad times the energy
used by the U.S..in that same period of time. Obviously this cannot all be
harnessed, but the Energy Research Development Association (ERDA) hopes to

have 1% of our electrical energy coming from Wind power by the year 2000.

Although the outlook for wind power looks bleak for the country. as a whole,

there is undeniably energy available in the winds to anyone willing. to- -

harness. it, and wind energy could certainly be a useful Tlocal energy source.

d

STUDENT ACTIVITIES FOR WIND POWER:

Recommended for K=5:
1. Visit a windmill. One is located at N:M.Y.T.I.

2. Build a cardboard model of a windmill to demonstrate to class.

3. Draw or otherwise represent artistically the various types of

windmills. Their renditions should be based on documented
- sources.

4. Investiage such variables as standing facing the wind versus
standing paralled, standing at the top of a hill or a jungle

"gym versus in a ditch or a gully or a group of trees. On
which side of the school building is the "force" of the wind

greatest? ‘Is the windiest side always the same side (on a

clear breezy day versus jJust before a storm). <
Recormended for 7-12:

1. Calculate power output of wind propeliers of varying lengths and _

under varying wind velocities given that the length:.of one side of
one square is equal to the propeller length: the area of each
square being 1.2 watts' worth of energy pr-.duced, and given that
the length of one side uf one cube equals a wind velocity of

10 fiph, the volume of each cube being 120 watt's of energy produced.
2. Build-a model of windmill from wood with an electro-magnetic

generator to\produce electricity (light a light bulb):

i
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Recommended for K-12:

1. Carry out selected activities from Wind Energy Department of

Energy Science Activities (DOE/R-0037) dealing with wind.

2. Discuss the prab?ems which may be encountered if/when high

rise structures affect wind generation units’

—

3. Sponsor a class or school-wide paper model airplane contest.

For older grades; test each model experimentally and keep data.

Hold discussions on design features and award prizes.

4. Research recreational uses of wind. Draw posters illustrating

these uses:

RESOURCES:
Beedell, Suzanne: Windmills.. New York: Charles Scr1bner s Sons, 1975.
Clews; Héﬁfy; Electric Power from the Wind. Solar Wirid Company, 1973.

Denis; Lisa. <Catch the Wind. New York: Four Winds Press, 1976.

Iﬁ§1i§, David R. "Wind Power Now." Bulletin of the Atomic Scientists.
31(8): 20-26, October 1975.

Merrill, Richard, and Thomas Gage. Energy Primer. Dell Publishing
Company, New York, 1978. -

Mother Earth News. Free Power from the Wind. Volume 17, p. 60; Vol. 18,
p. 25; Vol. 5, p. 42,

National Science Foundation. Wind Machines. - 1975. NSF=RA=75=051.

Ruedisili, Lons Firebatgh, Morris. Perspectives on Energy. N.Y.:
Oxfdrd University Press, 1975.

United State Department of Energy. Wind Power. EDM-1043-3, free to
teachers. ! B .

Wind Ene;gy Science Aativities in Energy. DOE/LR-0037. Qak Ridge,
TN. S

Wind: Factsheet #3. N.S.T.A./DOE. Oak Ridge, TN.

i
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IS FOR X-CELLENT WAYS TO SAVE ENERGY

-

!

OVERVIEW:

Students evaluaté their energy use patterns; research techniques of
conservation that are realistic, conduct an energy audit in their own home,
and develop an energy use priority system. Students get involved in the
problem of saving money and conserving energy. Since the student spends 1/3
of his/her time in school during the school year; s/he should be involved in

evaluating ways to save energy in the school:

Oie of the first things a school or district must do in any serious

attempt to conserve energy is to start keeping track of energy consumption.

Accurate, on-going record keeping is the basis for an energy management
program. Consequently, all persons involved in an energy management
program must know how much energy is being used, how much it coste and

the possible savings resulting from decreased usage.

~ The students can become a substantial asset in lhe schools' energy
conservation program if they are united in designing and implesenting energy
saving ideas. . :

e

TEACHER BACKGROUND :

Although conservation is widely viewed as an important first step in

reducing energy use, people are inclined to blame others not themselves.
Since energy conservation is the responsibility of all, everyone must focus on

his/her energy use patterns at home; school; and work.

132
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. Schools are pay1ng large amounts of money to br1ng in outside air.
\3 In fact, heating and cooling experts contend this is one of the b1ggest
[energy and money wasters for schools. One expert says. 75% of the energy
(\,)consumed by schools during the heating season is used to heat outdoor air
“for purposes of Vent11at1on

___Ventilation requirements are being called into_question._  Preliminary
f1nd1ngs of a study on ventilation by the National Bureau of Standards
revealed; that a reduct1on of thera1r exchange rate from the_normal 4z6

indoor environment. A]se the temperature and relative hum1d1ty stayed
within the. comfort. range: the gxygen content_did not vary from the normal
]eve], and ‘the earben dioxide goncentration level reached é maximum of

sumption and to save money for schools. Schools are considered "commercial
users of energy,; along with hotels and motels cffices; hospitals; super-
markets, stores and apartments. Together, these building types account for

90% of the total energy consumed in the commercial market; accora1ng to the

National Petroleum Council.

The National Petroleum Council came up with 15 energy cohservat1on

measures that can be used in these bu11d1ngs The measures were ranked by

the estimated savings in terms of BTU's. i.e., the first.item in each group

would result in the greatest savings in BTU's. Note that almost all of_

the recommendations concern heating and ceeling--the prime energy user in

buildings.
" The measures are as follows:
A. Conservation measures requiring no capital investment.
1. Establish a 65°F temperature level. f |
2. Establish a night setback level 10° below the aayfimé Tevel.

3. Reduce lignting levels to a minimum acceptab]e level, where
possible. v

4, Establish a cooling comfort level of 78°F duriing the summer.
5. Cease cooling the building at least one hour before 666&6éﬁt§
leave.

Reduce temperature of general purpose hot water to 120 F

o

except where dishwashers requ1re otherwise
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Turn out yard 119ht§ 1\'n’ daytmé.
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11.

12.

13.
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Turn off water while brushing teeth or washing dishes.

‘In the W1nter, ~open the blinds or curta1ns dur1ng the day

where the sun's kays can shine through the window and heat

the rooms. The sun's heat will help cut down on the amount

of gas, oil, or electric heat used in the house:

At night, when the sun has "set, close the blinds and curtains

to keep heat inside the rooms.

Close the door tightly when entering or 1eaV1ng the house:

Remind brothers and sisters to do likewise.. In the winter,

this will keep the heat in the house. During the summer,
this will keep an a1r—cond1tioned home cool.

Before opening the refrjgerator door, ask yourself if it is
really necessary and decide how much food and drink you will
take out. Tell others why you are doing this. Try to open
the door only once to get out what you need.

Turn off appliances when they're not being used.

Check the bathroom and kitchen hot water faucets to be sure
they are not dripping.

Take a shower rather than a bath because a shower requ1res
less water:

Do laundry in & warm wash and cold rinse.

Eéﬁséivatibh measures Fédﬁi?ihg some investment in time éhd money :

1.
2
3.

Regularly schedule maintenance on equipment and systems.
Establish minimum ventilation and fresh air requirements .

for occupancy periods and zero vent11at1cn during unoccupied
per1o&s, where possible. )

Use restricted f]ow shower heads (2 5 gallons per minute

maximum) .

RedUCe,Water distribution pressure tc a mai/mum 25- peunds

per square inch.

Insulate the hot water heater.

/
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C. Conservation measures requiring substantial investment.

1. Insulate ceiling, above or below roof, using insulation
having an equivalent "R" factor of 19.

2. Insulateé sidewalls ueing insulation having an equivalent
"R Factor of 11

3. Install storm sasﬁ or high effjciency glass:

Schools in the sun belt states and in some other areas of the,country

have more of a-cooling problem tharn a heating -one. What can be done?

Here are some tips from Ralph J. Askin, supervising architectural adviser
for the California State Department of Education:

1. Glder, high-ceiling buildings with 1arge windows and a

not be altered in most cases, unless air cooling is
provided.

2. Solar heat gain is almost completely undesirable, since
little heating is needed (considering the heat generated
by students and light fixtures). Therefore, shading of
outside walls and of all window areas is essential. ~

3. Other good methods of protecting against solar heat gains
are providing light-colored reflective walls and roofing,

shading the roof, -and providing a ventilated attic on lots
of insulation.

Tips on lighting:

1. Replace, where feasible; incandescent 1ighting with more.
efficient sources, such as fluorascent, mercury and metal
halide 1amps i .

Light colors reflect and re-refleft 11ght. increasing by as
much as 15% the 1ight that gets to work surfaces.

is unoccup1ed for a per1ed oF approx1mate1y "15-30 m1nutes

4. Use natyral 1ight where pract1ca1 bt contro]l glare and
reflections.

w

Clean 11gnt1ng Fixtures thercugh]y every six% months to a
year.
6. Investigate use of new Fluorescent tubes. _They can save

up to 1 rn energy consumption with a neg]1g1b1e change:

P |
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7. Review lightiig levels. Standards are being adjusted
dewnWard; to more closely meet student needs in specific
areas.

needed.

9. Install separate switches for rows- of fixtures nearest the

windows in perimeter classrooms so that dayiight may be
tised wnen possible. : :

10. Use photocell controls or time clocks to guarantee that

lights are turned off, especially in areas which are
difficult to reach and for outdoor lighting.

11. Clean buildings in dayiight hours when possible:

STUDENT ACTIVITIES FOR X=CELLENT WAYS TO SAVE ENERGY:

Recommended for K=6:
1. Work in pairs to make posters on Energy=Saving Tips. These
posters could be d1sp1ayed and audged at school or even

around town. Awards could be given.

2. ‘Write poems or compositions about energy savings in the
schools; home,; etc.

3: Compare conservation measures of the 1940's and present day.
Make oral presentations. For the very low grades, draw1ngs
may be used to illustrate their po1nts . N

4. Write a short play on energy t1ps PreSeht to CiégS§ §cﬁbdi;

or comwnity.

Recommend for 7-12:

1. Discuss what might happen to their scheel if the cost for.

enerqgy doubled and how this would effect their school.

2. Discuss whether their school could utilize 3 school en]y

". alternate energy resource (solar, wind; hydroelectric, etc.

What would be -some of the problems if the school decided te

do this?

saving energy

4. Play the "Energy Tip Time" in a game show format. Contestants
compete for points and prizes as they respond to energy conser-
vation questions. Variations are endless as are game show

formats, e.g., Beat the Clock, Let's Make A Deal, etc.
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5. Condict a home energy audit. A free computer1zed form (REAP)
js .vailable from the following:

The Maine Officeé of Energy Resources

State House Station #53

Augusta, Maine 04333

207-289-3811

Recommended for K-12:

1. Keep a log of all the travel the1r fam11y does at 7- day per1ods

~and discuss how to save energy by combining trips:

ra.

Keep a log of all the energy being used for 1 day or a week .

Discuss how to conserve energy.
3. Determine where in their schoal buiiding the energy is wasted:

4. Formulate plans to conserve energy. Use sheet X-2 to determine

what energy users from X-1 are necessary.

5. Review “C" is for Conserving Energy and discuss this unit in

1ight of what they determined about their school:

- taking extra-long showars, leaving parked cars running, and,

6. Analyze their own energy use habits, e:g:, leaving 11ghts ofi;

tdking baths rather than showers; formulate "Energy - Saving

Ten Commandmerts" for themselves, attempt to follow :hese

'commandments, and discuss the1r reactions:

money loss in energy waste vs. the cost of repairor 1mprove-
ment.

7. Investiage energy was’ers at home and schocl. Estimate the

8. Compare energy users in the home - now, 1950, and 1940. (Use

Sheet X=1.) Interview parents and grandparents for the infor-

mation.

9. Do.a light bulb survey ¢f their home-. and school to determine _—-
what areas use *fe greatest wattage. Becide whether the wattane
could be reduced. )

10 Keep a log of all the ways Lhey have conserved energy for one
day or week.
RESOURCES:

Byalin, Joan. Wewsn's Erergy Tool kit. New York: Consumer Action
Now, 1930.

Crotty, C. iiuerndt1ve Energy lesources in Maine and Northern New .
England. Am¢rican Fsfuciation {or Advancement in Science, 1975.

e
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Enerdy Facts (leaflets): Cooperative Extension Service. U.M.0.,:
Orono; ME: , )
Energy-Saving Checklist for Heme-Builders; Buyers & Owners. DOE/OPA -
0049, Oak Ridge; TN: ,

Fritsch, Albert; and B: Castleman: estyle Washington Center
for Science in the Public Interest, 1974.

Hi1l, R., Kittredge, C., and Smith, N. Project Retrotech. Washington,
D.C.: Federal Energy Administration, 1976.

In the Bank or Uy the Chimney. Supt. of Documents or Maine 0.E.R.,
Augqust, 1977. '

Energy Conservation. Mankato, MN: Mankato State

University, 1979.

Morrell, William. How To Live Better For Less. The Grist Mill, Maine, |
1975. ' .

Morrell, William. The Energy Miser's Manual. The Grist Mill, 1974.

Newman; D.K.; and D. Dax. The American Energy Consumer. Ballinger
Publishing Company, Massachusetts, 1975. S

Parson; R.A. Bufhiﬁg,gdéa. New York: Northeast Regional Agricultural
Engineering Service, 1978. :

" Perini, L.L. and R.A. Makofski. An Examination of the Potential Benefits
of:Small Automobiles: Johns Hopkins University, Maryland, 1976.

Suttenfield; Linda: Energy Access: A Guide to Activities and Resources
for Educators. Maine Audubon Society, Maine, 1970.

v
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SHEET X-1 - 129

- USING ELECTRICITY

Divide the items from your sheet X-1 into three groups - items that are

necessary, items that are luxuries, and debatable items: - ; ¥

NECESSITY LUXURY DEBATABLE

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

133




Appliance -

SHEET X-2 .

ENERGY USERS IN THE HOME

Type of
Energy

Now

About 1950

130

Q;

About 1940

stove B

lights

refrigerator

television

radio

water heater

freezer

clothes dryer

fan

furnace_

vacuufm cleaner

washer

! —_
air conditioner : _
i - _

hair dryer

toaster

fry pan

argan

dishwasher

blender

mixer.

toothBrush

saw

sander  _

power tools _

garbage disposal

garbage compactor

blanket

_phonograph

razor_

garage door opener

mower_____

can opener

Can you think of others?
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_ . __To fdster a better energy-educated society; it is necessary to
cultivate an energy-conscious society.. Students will become cognizant
of the values of conserving energy; their role in energy conservation.
and the current trends and ultimate consequéences of energy wastefulness.
Students will study their lifestyles with direct emphasis upon their

. energy consumption patterns; they will identify their priorities.
Ultimately, they will define their own values about energy use.

TEACHER_BACKGROUND:

_ Public energy concern on a_large scale is relatively new phenomenon:.
Most of this concern. however; is for economic reasons rather than for
conserving energy. Our country is guilty of much abuse and misuse of
energy. In 1973; we consumed the most energy ever used by any nation

in the history of the world. It is estimatcd that 35% of the energy we
consuned was wasted. Since we consume about one-third of the World's
energy, one would expect our citizens to be more energy-efficient:
Instead, our capitalistic way of 1ife has Spawned more and more ways in
which we misuse enérgy. Many of_these are directly related to the petro-.

chemical field which in _turn employs a large segment of our work force.
Large segments_of this_ field deal with products of the convenience type,

often disposable and always expensive to produce in regards to energy.
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~ Our children are not taught values regarding energy use. The
cu]pab11 ity is placed on a generation which grew up when energy was -
inexpensive and readily available. Today‘s children are caught up infa
media-culture which itself is very wasteful. Children spend countless
hours watching television, despite studie? which demonstrate that it is
not good for their developiment. Programm:'ng on television continually
shows energy abuse: speeding cars, drag-racing,; "souped-up vans, and
more. These programs help to promote lifestyles which should not be
tolerated in an energy-conscious soc1ety

~ Children are often given expensive items, such as motorized mini- -
bikes, snowmoblies, dirt bikes, and automebiles. Often, these energy

consumers are abused,; as statistics point out that ch11dren (young adu]te)
take part in high speed driving, "laying rubber," drag-racing, arnd other
abuses: Although it is unfair to blame all young people; the numbg
significant enough to warrant an attempt to change their values 11fe-

styles. Our present society is to blame for accepting and foster1ng this
type of behavior; future societies must be less liberal and more energy-

efficient:

However, children are not solely responsib]e for this energy abuse

since adults have set poor examples and have failed to teach their children

the tremendous importance of EonserV1ng energy.: _The U:S: _should consider.

~ Sweden as a good example of energy efficiency. Although Sweden has a_hign’

standard of living similar to the United States, it is more energy- —efficient.

Cars in Sweden weigh less, get better gas mileage; and are rarely equipped

with_energy-using extras; such as air-conditioning and automatic transmis-

sions. In fact, more than seventy percent of the commuters in Sweden get

to work by mass transit, bicycle, or foot: Sweden; of course; is much

smaller which makes trave] much easier;. neverthe]ess, the Swedes have

" demonstrated a much greater capac1ty for conserving fuel: Furthermore; they

tax large gas-guzzling automobiles and charge higher pr1ces for gasoline:

'The Swedish people have also shown energy conservation in heat1ng the1r

homes, despite the fact the average temperature in Sweden is much lower than

in the United States. Sweden uses less ‘energy per person to heat their

homes, their homes are smaller and better insulated, and their interior

temperature is kept lower. Industries also use less energy:. We can learn
from Swieden.

According to Donald E. Carr in a quote from Energy and %%g EarthhMach1ne
su1at§en every house

noth1ng pays off so fast in energy saV1ngs as in

had six inches of fiberglass insulation in its attic; and three inches in

the walls, Americans could save tWenty billion gallons of o0il and over

trillion cub1c feet of gas per year:." Despite such overwhelming stattistics;

many homes in the United States remain uninsusated

Purce]] (1981) points out that Americans spend $4 billion a year to

collect and d1spgse79f7@a§te§3 throw away enough orgainc waste to replace
the energy equivalent of eighty billion barrels of oil a year, and import.

91% of their aluminum: Americans spend 9% ¢f their grocery bills on_packagin

and two-thirds of all paper products, wh1cﬁ are thrown away eventually.

14¢
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Available energy dictates 1ifestyles; lifestyle dictates energy needs.

Students must be encouraged to assess and to alter their lifestyles before

energy availability forces them to change.

Often; when people thirk of energy conservation, they concentrate on

fﬁélsrbefﬁééfiﬁgféﬁﬁffkéﬁ§§ortaticn; but do not consider the many other

energy uses. Most aspects of our lives depend on enerqy availability:
Without energy sources, we would not have clothing; food; appliances;

automobiles; and our other material wants and needs.

Another problem we must face if we hope to redirect lifestyles is the

effect advertising plays in our energy picture. We are certainly a consumer-
oriented society; we know that any change to reduce consumerism will also
affect our economy. Nevertheless, we must begin to take some initiatives

in the proper direction.

__ __Many people believe that the answer to a reduct:on in energy use will

be higher prices and taxes imposed on energy-using devices: These people
argue that only when the cost of energy becomes prohibitive will they -begin
Lo change their ways. Perhaps; this is true to a.large degree; but if our

children could be taught that wise energy use i1s a moral obligation of its

citizens, we could continue to enjoy our standard of living and be much
less vulnerable to oil-producing nations. We could also buy time while
technology seeks new energy sources. In addition, if we could encourage

our citizens to develop an energy conscience,; yes which would look askance
at energy abuse and wastefulness; we could begin to feel more self-respect
for one another and a new respect for our country with the knowledge that we
are doing what is good for the world, for future generations; and for us.

STUDENT ACTIVITIES FOR YOU AND YOUR ENERGY. VALUES:

Recommenided for K=6:

1. Check the thermostats at home; tneir locations and their settings:
- Compare these settings with that of the settings in the school.
2. Lfs. the fue] used to heat their homes: State whether that fuel
ias changed in recent years; 1ist what the parents intend to do
about fuel costs in the future. :

a collage of low and no energy use recreational activities:

w
=
(]

ak

4. Play energy detectives. Search, record, and.correct, where possible,
‘energy-wasting practices in their homes and/or school: .

5. Trace the sources of energy they need to play or work. Analyze what
they had for breakfast. Where did it originate? . .

Trace the energy used in a fast food product:

[«

Discuss processed food; its worth and its energy production cost:
(ex. peanut butter) |

~l
.
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8. Compute the e]ectr1c1ty use for a nerma] Week then compute the
usage when each member has given up one energy-using device:
Refer to K for meter reading advice.

9. Play snergy charades. Later discuss whether the enerdy source
was imperative. - .

Br1ng in d1fferent types of packag1ng. Dacide why the packaging

— |
[ ]

wds used; i.e.; protection of the product; advertising, preven-

tion of contamination, etc. Decide whether these materials were

neeessary and whether they may be recycled.
~ Recommended for 7-12:

1: t1st all tﬁe electrical app11ances that help them to meet their

personal needs at home, then determine the wattage of each

appliance and the monthly cost for the use of each. Refer to K.

2. Diagram the steps involived in getting a sl1ce of toast (from the

seed to the toaster).

3. Recycle an article of c]ath1ng or furniture to show respect for
energy involved in the manufactur1ng of it. A mismatched or -odd
cup and saucer could be converted into a planter; a decorative
patch could be app11ed to work clothing.

4. List energy-related prob]ems facing the nation, their state, and
. their locale. .
5. Develop and write a two-page energy philosophy which is a personal
set of energy values. This set of values would be used after
leaving home, after getting married, or after estab]ishing a
separate household. It must be persona] and be in the best
interest of the community, the state, and t@g nation,

6. Henrik Ibsen's "Enemy of the People” entertains the idea of truth
and morality in conflict with economics. After the play is read,
students could be _encouraged tc parallel the play's dramatic tension

with a]ternat1ve energy sources advocates, and with big bu51ness

lobbyists. - _ ¢ T

7. Arthur Miller's "A11 My Sons" raise the gquestion of a man's
responsibility to his fellow human beings. The play could prqygke,f
a variety of ass1gnments focusing on the difference between people's
basic needs and their desire for wealth and power and between con-

servation and extravagance.

a d1seu551en on the. role that energy plays on pacing oﬁr Tives.
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The poem deals with a man riding in a horse-driven carriage. How

does the mode of transportation compare with the attitudes and

atmosphere of the poem? . How might they change if the poet had

takaen some other form of transportation? Has something been lost

by our progreSs towards more rapid transit methods?
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Recommend for K-12:

1.

10.

11.

Turn off all the lights, close the shades, and remain there for

day. This is what it will be like without energy sources. Have
students 1ist ways we can change to ensure energy for the future:

Decide whether these items could be recycled. Visit a recycling -
plant. Decide what natural resources can be recycled.

Make a card With a country listed on it.  From students research,
list the country, population, and percentage of world energy

‘sources used. Shuffle the #ards and give one to.each student.

Distribute 100 M&M according to_the percentage of the individual
country's energy consumption. Followup ideas: {1) Compare

. population with consumption. (2) Redistribute energy sources

equably according to population._ (3) Determine how much of our
energy sources are imported; decide how we could produce more
here. (4) List some dangers of energy production.

Compare the energy consumption of our country of similar population.
What are the differences? Similarities? Why? \

List five recreational activities. Determine their energy uses
such as manufacturing of the equipment; transportation to the
activities; the energy to light or heat the building; the energy

to construct the edifice; etc.

" Plan a trip: Decide how many miles you will travel. Decide what

is the most economical way to travel. Weigh the inconvenience.

Decide what is the most important.

Consider different ways of producing and preparing food. Determine
.. which method produces the most calories for the least amount of -

energy; determine which method uses the most enerdy. Make a chart

with your daily activities, then 1ist the calorie needs. Could

you eat less to save ehergy?

List five or ten things that you wouldibe willing to give up to
protect the environment from energy rejated pollution.

Develop a series of bulletin boards wjth clippings from current
magazines and newspapers which depictlenergy value trends of this

country's government:.

Investigate and Teport on the environmental movement and its

connection with the use of and the production of energy. Which
threats to the environment can be traced to energy production and

to energy usage?’

-
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12.

13:

14;
"15.

27.
28;

29.
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Make a dispiay of products whose packaging could be made simpler,
then design your own.

. Interview a member of the following: school, past office, hospital ;

restaurant, and church.  Ask them to 1ist ways they could eliminate
or cut waste:
Desjgn and display school art produced from dispesable items.

Design a bulletin board to indicate buildings that have made energy-
changes, such as solar heat; insulation,; shrubbery planting, and

wood stoves: .
List ways they can save energy:

Collect and weigh wasted paper and packaging in their homes for one

week; compare findings Wwith other students:

Compile a chart of throw-away products and their durable counter-
parts, inciuding the price of each item and its expected 1ife:
Stage a class discussion on the topic, "What price are we willing
to pay for the energy we use?” .

Compare energy consumption of cooking a meal in a conventional
oven, in a microwave ove. . and in a slow cooker: .

Design a bumper sticker on energy conservation, explain your motive
for writing it.

. List the personal energy conservation actions each student proposes

to take as his/her contribution to the energy problem.

List all the ways their community, school, or home could reduce
energy waste.

List the ways in their homes that energy is either misused or wasted
Have students sacrifice one energy user for a week: Discuss the
impact at the end of the week. :

Conduct an cnergy drive. Students will get citizens to give up =
certain energy uses. The student to get the greatest energy savings
wins; the community profits. S

Make a chdrt showing typical enmergy use in their home or school.
Conduct an in-school contest on energy saving techniques employed
by each hemeroom. Rcoms may either lose or gain points to their
wiSe,df‘HhWiSé use of energy. »

or a similar theme:
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30 Make a 1ist of energy-using devices which may be found in their
homes; then check the ones they could give up. :
31. Conduct a survey to determine how many autormobiles abuse energy

by'driving empty, by going toc fast, or using too large a vehicle.
32. Set up recycling center for products which can be recycled.
33. Coliect items which can be recycled (bottles, cans, newspapers; etc.)
34. Conduct an essay writing contest with a theme relating to the
importance of energy conservation. ‘
35. Use Sheet Y=1 with students and pavents: First students complete,
then parents. Compare results. Biscuss. , ‘
RESOURCES: '
Allen, Rodney F. & Little, Robert F. "If There Is An Energy Crisis;
Then...," Peabody Journal of Education; Vol. 56, No. 2, p:. 109-115,
Jan. 1979. '

Bottine!li, Charles A.  The Energy Scorecard: A Way To Trim Your Energy
Bills. Teacher's Guide. LittTeton, Co.: Energy Information Associates,
e 1079, _ . | |

‘Bowinan; Mary Lynne: Values Activities in Environmental Education.
Washington; D.€.: National Institute of Education, Dec. 1970.

W.W. Norton Co., 1976.

Carr, Donald E. Energy an
€urran; 5.€: Energy and Human.Needs; John Wiley and_Sons; Inc., 1979.

Energy: What About the Future? Book IV Easy Eﬁékéy'kééaer. u.s.
: Bé?ﬁ?tmeht of Energy, 1980.

Lovins, Amory B: Soft Eneray Paths: Toward a Durable Peace. Cambridge,

MA: Ballinger; 1977.

Meadows, Dennis L: (Ed.). Alternati irowth: A Search for
Sustainable Futures: C€ambridge; MA: Ballinger, 1977.

Meyer, Don E. (Ed.). Enerqy and Human Affairs: The Power of Systematic
Decision Making. Studeént Handbook. Washingtqn, D.C.: Office of
Education, 1975. . v

Miles, R.E., dr. “Energy Obesity: The Deadly Disease of a High

Consumption Society;" Futurist; December 1980.
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Pennsylvania State Governor's Council. Pennsylvania's Energy Curricului
for Secondary Grades: English, Harr1sburg; PA; 1980. (ERIC Document
.Reproduction Service No. ED 200 411).

Purcell, Arthur H.,
1981. .

s —  ——-

Sch1pper, Lee & tictenburg, Al]an Efficient Energy Use and Well-
Being: The Swedish Example, (adapted from), Science, Vol. 194, p. 1001-
1013, Dec. 3, 1976.

Simon, Sidney B.; Howe, Leland W.; & Kirschenbaum; Howard: Values
Clarifications; N.Y.: Hart Publishing Company, Inc.; 1972.

The Tennessee Energy Education Network; Nashville; TN: Tennessee
Energy Authority.

e

A Time To Choose: America's Energy Future: Final report of the Energy
Policy Project of the Ford Foundation, Cambr1dge MA: Ballinger, 1974.
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SHEET Y-1 i

" To ensure our energy supply for the future we, as individuals and as a society,

need talreassess our pr1or1t1es Respond to the following questions:

Strong1y Agree’ Disagree
agree

1. Do we change our 1ifestyle | !
and Tower our energy demand?
2., Do We become alert consumers
and evaluate the energy ;
efficiency of the product?

3. Do we demand more and. more . I
enerqgy at any cost? _ | i

4. Do we pay more; use less; | f ;
and protect the environment? | : :

l

5. Do we begin again to conserve,
recycle, and reuse?

resources spent on dispos- |

able items by replacing

them with durable goods?

7. Do we find more efficient | . :

heat1ng systems, automobile

engines, and appliances?
8. Do we replace the snowmobile
with cross~country skiis?
Do we combine many short - s
trips into one trip?

(X}
.

10. Do we purchase practical !
clothing that will last |
for years?

11. Do we walk or bicycle more |
rather than the automobile? i

12. Do we add a sweater or
- blanket rather than turn up

the thermostat?
13. Do we use manually operated
equipment when possible?
14, Do we change our lifestyles :
so_that future generations_ :
will be able t¢ enjoy a life. ° |
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ZONES OF HOME HEATING AND HOW THE THERMOSTAT WORKS

OVERVIEW:

Students learn that the different zones of a home require different
the degree of heating/cooling. Students learn the importance of ad-
justing the thermostat to fit the particular situations. Students
study thermostats and their uses.

TEACHER BACKGROUND: .

The word zone is used in many ways; e.g.; parking zone; loading

to an area of specialized activity, such as the kitchen, a zone for
cooking and eating.

777777 Each room or_zone in a home has specific heating or cooling require-
ments; therefore, the home heating/cooling system should be designed to
accommodate the particular activity of that area. Obviously, heating
requirements are not the same for all zones. For example, sleeping areas
do_not have to be as warm as other parts of the home. ‘Many zones do not
require heat or require low temperatures unless there is activity.

-

¥
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New homes should be designed to gain full benefit of the sun and

the wind without being overburdened by their power. The best location

for living and kitchen areas is the south side, whereas the north side
is _appropriate for the bedroc~s and storage: Place a garage on the
coldest or windiest side of ti home: In warmer climates, shading liv-=
ing areas js energy saving. A:so; such natural passive solar orien=
tation of the various activity zones can reduce the need for artificial
heat.

In the last twenty years; petroleum products and electrical controls

have made heating and cooling zones in our homes and commercial buildings
very easy to regulate. Zone heating is achieved simply and effectivelv
through the use of thermostats which activates and cuts off the heat supply
at predetermined temperatures: The basic type of thermostat works on the
principle that a substance; when heated, wi1! expand. THis expansion __
ability is then coupled with switch contacts which simply turn on or off

an electrical impulse: The impulse will then control the mechanism

supplying the heat or cold.

Several types 0f thermostats are available. The bimetallic type cf

thermostat is made of two dissimilar metals usually invar and brass or -
other metal, welded together. Since one of the metals expands more than

“he other; the movement is created, allowing for switch action.

A Bourbon-element *ype thermostat works when a volatile liquic is
hoated and is changed i:-to an expanding gas. The warmer expanding gas
enlarges the brass biliow or tube and again movement is created; which
will activate a switch.

____ _Although correct usage of thermostats will not scive all of the energy
oroblems, it will ceirtainly reduce energy-consumption. Proper, censitie
use of thermostats can reduce the neating bill substantizily. Keeping the
house ten degrees ccoler at night for example,; can save up to 16% on the
annual fuel bill.

STUDENT ACTIVITIES FOR ZONES OF HOME HEATING AND HOW TRE THERMOSTAT WORKS:

Recommended for K=6:

1. Sketch a floor plan of their homes showing the location of any
thermostats and 1ist the setting of the thermostat:

2. Visit the school boiler room and have the building maintenance

‘Supervisor talk about the nheating/cooling zones in the school:

3. Read the room temperature and the setting on the classroom thermostat.

15i
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Use variations of child's games;e.g:; Red Light or May I:

Certain students can be designated as thermostats and the others

as the flow of hot water through a hot water system: This will

“demonstrate the control of flow.

To determine the number of zones, compare the number of thermostats

in a multi-zoned hot water system to the number of circulator motors:
Read the temperature in the room and compare it with the thermostat
setting.

Make a list of the rooms in the home. Tell whether each room is used

(morning, afterncon, and evening). Arrange them in order from the most
used to the least used. Determine when the temperature could be reduced

in each zone.

List other devices, such as shades, combination windows, blinds, drapes;.

and curtains, in the home which aid the thermostat in keeping the room(
warm or cool. ’ .

Pacommended for 7-12:

1:

Lo

~

Hook up old thermostat to a circuit with a 1ight or bell in series with

thermostats: Paint housing of thermostat black and expose to intense
1ight source: When temperature inside thermostat gets uigher; the thermo-

stat will open: The cirucit and light will go out or bell will stop
ringing. Then allow to. cool. N S

, : ; 1.5v sV Batteries
!1 %*fi |

o
i

’5j’f Thermostat

0 P
Lightbulb

Jraw a schematic of a bimetallic thermostat or_ construct a thermostatic
switch using a bimetallic strip, bell wire; 1 1.2 volt battery, nail,
and a board to which to mount it. :

Draw a schematic of a Bourbon-element type thermostat.

0o a Retrotech audit of their homes: When the cost of heating various

aress of their homes has been computed; determine the savii s 1f all
sones are heated enly to the temperature needed for the activity there:

Take a field trip to an all electrically heated home and upon returning;
discuss the advantages and/or disadvantages of total clectric multi-

thermostat systems:

152
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To illustrate that heat travels in zones and that the zones vary in
temperature, using three thermometers; measure the temperature of
the classroom at floor-level, Céilihg level; and in between:

zone layouts

RESOURCES :

Haimes, Y.Y. Energy aﬂdgﬁudltlngjuuLﬁbnsexyailnn, Hemisphere
Publishing Company, 1979.

Ogden; S:R. American the Vanishing. Vermont: Stephen Green Press,
1969.

Sansom; Robert: The American Dream Machine: New York: Anchor
Press,; 1976: -
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EVALUATION OF THE A,B,C'S OF ENERGY

We would apprec1ate your reactions and suggestions by completing this

form and returning it to us. We would appreciate it if you would evaluate

any part; or all; of the QU1de Thank you for your assistance.

Name of School o

School Address - - - E—
Street Town State zip Ccode

What subject(s) do you teach?

My overall reaction to this guide is:
5 4 3 2 1.
Very Positive Very Negative

Letter of alphabet reviewed/used: - ' )

Please -rate the following aspects of the resources or activities of your
selected letter on the scale of one to five:
|. Tre ‘teacher background was:

5 & 3 2 1
Sufficient Insufficient

2. The overview was: ; <\j/’\\\
5 & 3 2 1)
Heipfui - Not Helpful

s -
-

3.  For your grade level. the activities were:

5 4 3 2

4. Regarding the reference sources; they were: k’/’\\
s 4 3 > 17
Verw helpfel Not Helpful

bk
o
W
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5. My students responded:

5 _ '} _ 4 /'l 3 2 _ _ ]
Positively / Negatively

‘6. The amount of energy education I have taught or will teach
-.this school year is:

5. 3 2 1
More than 2 weeks Less than | day

7.  Regarding National Energy Education Day, March 19, I was:
5 4 3 2 ] ]
Unaware A@éré

8. Did you make any changes in the activities before using it in
your class: )

Yes No

If so, what changes did you make?

3. Do you have any further comments regarding your particular letter

or other letters, or the guide in general?

S
™ Return this completed form to Dr. Lloyd H. Barrow, 212 Shibles Hall,
University of Maine at Orono, Orono, Maine 02469. Telephone inquires
(297) 581-7027.







