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Overview
Recent state-and regional energy crises demonstrate the delicate
bélance between the energy systems, the enviroﬂment, and the economy of both

our state and the ngtion{ Indeed, the interaction between these three elements

" of our society is very‘complex.

The project was intended to develop curriculum materials which would
better provide students with an‘understanding and awareness of fundamental

principles of energy supply, conversion processes, and utilization now and in

‘the future. The project had two specific objectives:

To tranéfef knowledge éf energy systems, analysis'téchniQues, ana
advanced technologies fromAthé energy analyst community to the feaéher'
participants. |

. To involve teachers in the preparation of modular'case studies on
energy issugs for use within the classroom. |

These curriculum modules are intended to enhénce‘the teacher's ability to provide

. energy related education to students within his or her own academic setting.

The project was organized as'é three-week summer program, as noted in

the flyer (Appendix A). Mornings were spent in seminars with energy and environ-

mental specialists lisﬁed on the following page (their handout lecture notes

are included as Appendix B); afternoons were devoted to high school curriculum

development based on the seminar discussions.

‘Since it is not possible to cover all aspects of the energy system,

, the_curriculum>development was limited to five areas identified as key(issues

-by the energy experts. They represent imporfant;areas'from two points of view:



RUMIARR Ritblial WORRESIEQE - July 11 - oiedy @0, 1577 Gy
DATE TITLE - : S __TLECTURER
July : - . .
11 INTRODUCTION TO WORKSHOP T. Owen Carroll, Professor
Introduction to the Enezgy Institute.for Enerqy Research .
: Syatam SUNY at Stony ®Brook
12 ENERGY CONSUMPTION IN THE T.“Owen‘Carroll
RESIDENTIAL SECTOR AID I :
TRANSPORTATION
13 ELECTRICITY GENERATION - NOW J. Allentuck : '
o ‘ Enerqgy Policy Analysis Division
14 ELECTRICITY - THE FUTURE Brookhaven National Laboratory
15 ‘LOAD MANAGEMENT A.B. Calgotta, Corp' Load Manaqempnt Adm
e Long Ts3land lighting Company
‘18 ENERGY DEMAND ‘ Jcel Rrainard
' Enargy Policy Analysis Division
Brookhaven N¢L10jal Laboratory
19 BIOMASH SOURCES Vinod Mubayi -
Lnergy Fclicy Analysis Divisinn
Brookhavan Matiocnal Laboratory
20 . SOLAR AND WIND ENERGY Narry Davidian
: . ’ Feononin Analyais nirlnlon
Brookhaven Watxonal.Laboratory
21 ENERGY AND PIYLIC POLICY - Granger Morgan
Carnogie-Mallon Instituta
22 ENERGY AND THR FOOD SYSTEM David Pimentel
Depaxtment of Entuavloyy
‘Cornell University
25 NUCLEAR VEKSBS COAL Meyer Stainbery, Heal -
i 'roccas Technology Diviwion
Dapartmont of Applied Sclence
Rrookhaven National Laboratory
26 A NQRTHHAST ENERGY PERSPECTI Potar Meler
o Enerqy Policy Analysis Division
Brookhaven National Laboratory
27 ENERGY AND THR ECONOMY pavid Behling
Economi~ Analysss Division
Brookhaven Natinnal Laboratory.
28 WORLD ENERGY PERSPECTIVE Philip Falmedo, Head

'WHAT IS ENERGY WORTH?

Energy Policy Analysis Division
Department of Applied Scilence
Brookhaven National Laboratory

Ernest Habicht, Director

Environmental Defense Fund
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(a) energy developments which aré now occuring but whose'implications are'
not yet;clearly'recognized,,and/or (b) that broad area 6f pétential new
_dé§¢lopm§nts.which have impoftant implications for the fu%ure -
. conéervdtion
.  e1ebtricity demand ;cheduling
e energy in the food system
nev technologies (solar, wind, biomass)
environment
Thé moduleé prepared inAeachAof these areas~consist’of an ihfroducfbry
background ététement for the teaqher and a séfies of one-day lesson plans.
The set of maﬁerials is attached here as Appendix cC.

The high school curriculum materials are now circulating widely

through notices in the National Science Teachers' Association (NSTA) Newsletter

on Energy-énd~Educatioh, and the New ¥ork State Teachers' Association. Some.
lessons have been~tried in Delaware with interest~and‘success. At a presen-
tation and workshop at the NSTA Apngal Meeting, Washington, D.C., April of
1978, some 50 or more scie#ce teachers froﬁ the United States and‘Canadian
districts were enthusiastic about trying the. curriculum materiéls ig‘their own
teaching situations. And, the Natiohal Coordinating Center for Curriculum

Developmént at Stony Brook has undertaken a review of the work.



A Special Note

One of the more intriguing:aSPects'of this particular project deserves
special meﬁtion; The évaluation team, 1écturers,Avarious observers éf the pro-
gram? and the project staff saw the teachers as én exceptionally mogivated~group
6f individualé.. They were articulafe, analytigal in their questioning of lec-
turers, and uhusualiy‘produétive writeis. Théif~c6ntribution to the project
went far beyond what was anticipated; |

- The explanation seems simplé, but‘interesting. The flyér used in
recruitmentldid not contain an‘appliqatiqn form,.but instead asked for‘g lettef
"describing your teaching area, your backgrougd in curriculum dévelopmenﬁ,'and
your interest in‘tﬁe project." From such letters, we screened those:wﬁo ap;
peared poorly-suited ﬁo the project. However; teacherAparticipants noted
that high motivation and interest were somewhat,prerequisites even to sitting
down to write such a letter, and this provided an excellent selection and
evaluafioﬁ of appiicants., |

Minority Group Representation

Unfortunately, there .was no minority group represéntation among’the .
.tﬁenty;two men and foﬁr women participants.  Our past.extensiv¢ e¥pefience with
minority recruitment suggests the need for early and persisﬁent efforts. The
lateness of project contract approval‘interfefed‘to some éktent with out minority'
fecruitmenf. ‘In addition, though iﬁteres£ in the project was shown by teachers
from Maine, Cohnecticut, New Yofk, and Pennsylvania - though again, because of a
laté start in initiating the project, most participénts were predoﬁinantly from

Long Island and southern New York areas.
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ASSOCIATION THE AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
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~ Robert L. Silber — Exe.c'dtive_Director'
August 23, 1977

Cr. T. Owen Carroll

Associate Professor

Institute for Energy Research

‘State University of New York at Stony Brook
Stony Brook, New York 11794

Dear Owen:,'

Ehclosed is the evaluatlon report from Doug Reynolds,
Bob Slgda, and myself. : :

. I hope that you will share with the NSTA group . the
.results of your writing workshop.',We are anxious to see
the materials. : :

Sincerely,

King C. Kryger

Associate Project Director
Project for an Energy-Enriched
‘Curriculum

KCK:dlm
enclosure

26th National ConVention'/ WASHINGTON, D. C. / APRIL 7-11, 1978
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Auguet 22, 1977 _

Frcm: Doug- Reynolds, Associate
- . Bureau of Science FEducation
New York State Department of Education

Robert Sigda
Earth Science Teacher :
South Huntington Schcols

. South Huntington, New York

King Kryger : :

Associate Project Directo : :
Project for an Energy-Enriched Curriculum
"National Science Teachers Association.

" To: Owen Carrol, Director , ‘
Curriculum Development Project for High
School Teachers :
Institute for Energy Research

Re: f Evaluation of Curriculum Development. Project

"Introduction

The evaluation team mét on the morning. of July 26th at
Stony Brook to plan a strategy for evaluating the project. The
. team identified several major topic areas for evaluation and
divided the responsibility of covering certain of these areas
. among the team. We then drew up a set of guestions under each
topic heading. 1In the afternoon the team interviewed teachers
in each of the writing groups using the major topics and the
questions designed during our morning planning session.

The evaluation questions were broken down under.the
folloviing major topic areas: A) Pre-Conference Activities;
P) Program Format; C) Effectiveness of Administrative and
Instructional Staff; D) Implementation; E) Evaluation of 'Im-
plemented Material; E) Follow-up Activities. ’

Overview

The evaluation team concentrated its efforts on deter-
mining how effective the program had been from the point of
view of the teacher/participants. We did not evaluate the
materials that the teachers had written and so cannot comment
on its quality or possible effectiveness.

We would like to stress at the outset that our impres-
'sions of the project and those of the teachers we interviewed
were, on the whole, very positive. The great majority of the
teachers interviewed said that they would repeat this project
if it were possible to do so. Almost all of the participants
felt that they had gained professionally from the experience and
all of them said that the staff had been efficient- and helpful.

—6-
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A) Pre-Conference Activities

A number of partiéipants said that notification of
the project had come too late and had given them little
time to prepare. There seems to have teen no mechanism’.

- for teachers who ‘had been selected to notify project

staff of their continued willingness to participate

or their unavailability because of other committments.
Several teachers said they would have been better pre-
pared had they known about the possikle choice . of topics

. for writing groups.

It is our understanding that the project staff was
not given official- sanction to begin the program from
ERDA until a very late date. "It is probable that the -
delays mentioned above were the result of this fact and
fell outside the control of the project staff.

B) Program Format and Workshop Facilities

Teachers reacted very favorably to the way that the
program was organized. The morning lectures were a pop-
ular feature and almost all of the teachers interviewed
said that they had learned a great deal about the national
energy situation and that the lecture content very often
bore a direct relationship to the materials. The following
are some suggestions for improvements made by scme of
the teachers: ' : ,

a) A number of teachers said that they would have
- benefited had there been more time for. the
separate writing groups to interact.

b) Several teachers suggested that although the
lectures were valuable they might have been cut
to three or four days a week instead of five
to allow more time for writing.. ‘

c) Several teachers recommended that all lectures
be concentrated in the first 1% weeks so that the
writing teams could build upon this experience during
the remaining time for writing and group activities.

'd) . There was a suggestion that access to laboratory
' - equipment would have béen helpful.

C) Effectiveness of Administrative and Instructional
- - Staff ' . :

'The morning lectures were -a popular feature of the pro-
gram. Participants indicated that the speakers were well
prepared and brought useful material with them. One teacher
remarked that on a scale of one to ten most of the lecturers
would rank from eight to ten. S ' ‘

. The administrative staff received very high marks from

_ the teachers. The staff visited groups frequently, assisted

-T-
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- the -teachers in obtaining matérials, and made uéeful sug-
‘2 gestions about the pedagogical content and approach. that
should ke used in preparing materials. ‘ ‘

D) Implementation

" Nearly all of the teachers said that they were plan-
ning to use the materials they developed in their ovm
classrocms and many said that they would pass them on to
other teachers in their schools. Teachers felt that the
materials could be used in classes of all sizes, that they
did not require elakorate equipnent or special scheduling
of classes because of time allctments.

Teachers were unsure about how effective the materials
would be for teachers who had not keen involved with their
preparation. It was felt that this would depend upon how
the materials were re-worked into final form and upon what
evaluative procedures are used. ‘ ‘

E) Evaluation of Implemented Materials

The writing groups had not considered, in detail, a
method of evaluating the effectiveness of these materials
or a means of finding out whether the educational objectives
had been met. However, all of the teachers questioned
saw ‘a need for this procedure and expressed .the hope.that
the project would provide for an evaluation process.

(Mote: We understand that the project is searching for

mechanisms for evaluating the materials but that the specific

methodology has not been decided upon as yet.)

F). Fcllow-up Activities

The writing groups expressed a desire that the project
institute follow-up activities designed to obtain -informa-
tion about how materials can ke made more effective in the
classroom. It was suggested that one way of doing this
‘would ke for the participants to meet again for one day in
the late fall after the materials have been trial teste

' in classrooms. . ' o '
- The evaluation team (and several of the teacher-writers)
. felt that without some provision for follow-up activities
much of the potential of these materials could be lost.

Conclusion

The evaluation team came away from its work with the sense
that the project had been very successful. Although we did not get
a chance to inspect the materials, it was obvious that in terms of
what teachers were discovering about energy and about their own
akilities to create energy curriculum materials, the project was a
very worthwhile effort. We feel that the program staff should be
commended for their fine work in organizing the project and for. as-=
s5isting the writing groups. We recommend that ERDA consider funding
-nore programs of this nature. ' '

-8~
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APPENDIX B
Handout Notes from
the Lecturers
(200 pages - included
only in copy 1 of Final
" ‘Report)
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produced in the Project’
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CONSERVATION

Memhers: Sister Jane Fritz

I.

Raymond Hahn
Alfred Kausch
Edward McGreevy
. George Urda

'Background

II. Student Activities.

TEST YQUR E.Q. (Energy Quotient)
Sr.'Jane Fritz

BURN,BABY BURN (Fueling Energy)
Raymond Hahn

PROBLEMS, PROBLEMS (Energy - What is the Problem)

Sr. Jane Frltz

GIVE AND TAKE (Energy Demand)
Sr. Jane Fritz

WHAT'S WATT (Measuring Energy)
Sr. Jane Fritz

" BETTER INSULATE THAN NEVER (Insulation)

Sr. Jane Fritz

A SWITCH IN TIME SAVES _
(Solving the Energy Problem)
Edward McGreevy

A WORD TO THE WISE (Energy Vocabulary)
Edward McGreevy .

FASTER THAN A SPEEDING BULLET

(Does The Speed of Any Device Which Uses Energy
Affect the Amount of Energy Used)

George Urda -

BETTER INFRARED THAN DEAD

(Identification of Infiltration Heat Losses
-and Their Control)

Alfred Kausch

PEOPLE IN GLASS HOUSES SHOULDN'T..
(Radiation Heat Loss Through Wlndows)
Alfred Kausch

C—25

. C-26

c-3k
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C-5T
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c-79

C-97
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INTRODUCTION

Recent state and regional energy crises demonstrate the
delicate balance between the energy syétem; the environment, and thé
economy. Indeed, interaction among these three elements in our
society 1s very complex. However, any permanent change in the directions
of our energy demand and supply for the future involves the formation
of a new "energy ethic". To do so requires a broad base‘éf information
and understanding of the energy system, and this needs to be developed,
particularly among those still in school. You, the teacher, play a most
important role in providing that base of information_whidh will become
“part of fhe new generation's thinking about the energy éystem. These
materials are intended to enhance yoﬁr'ability to provide energy-related
education to students within your own academic sétting and to provide
students with & better undérstanding and awareness of fundamental princi-
ples of energy supply; conversion processes andAutilization now and in
the future. '

Since it is not possiblg to cover all aépécts ofvenergy systens,
the curriculum materials designed in this project were limited to a number
of areas considered important from two points of view: energy developments
which are now occurring but whose iﬁplications are not yet cleafly recognized
and/or that broad area of potential new dévelopments whigh have important
implications for the future. The specific areas of curricﬁlum materaials

are the following -

CONSERVATION. We are coming to realize, albeit slowly, that the supply of

raw materials from which energy is produced is finite and decreasing rapidly.
Not only 1is supply decreasing, but demand continues to grow. The most _
optimistic forecasts show that the world resources of petroleum and natural
gas, the two main éources of energy today, will be gone.withiﬁ the next
fifty years. Consequently, we need to explore ways to conserve energy by
using fewer energy-intensive devices, redudiné ourilife styie'to one less

dependept on energy, and possibilities for substituting new technologies.

-i-



DEMAND SCHEDULING. Electricity, since its first intfoduction, hag'pro—

vided a cheap, clean, efficlent source. of energy. We have also come to
expect that any required demand for electricity on our part as individual
consumers, will bg met. We turn on the switch and expect the lights to

come on. Large invéstments,in the electricity generating plant are »
required to satisfy increasing demand, particularly during "peak" periods.
Consequently, the overall cost of electricity>generation becomes quite
expensive - a résult we have seen in recent years. The issue is particu-
larly important since utility companies are now testing, and will sodn offer

to the consumer, electric metering for homes on a demand-scheduled basis.

ENFRGY IN THE FOOD SYSTEM. Our agricultural system has become increasingly

dependent uéon the use of energy-intensive fertilizers for large crop
production. In addition, energy requirements for food processing continue
to grow. It is estimated that about one half of U.S. freight-transportat@on
is involved in the movement of foods of oné kind or another. With the
decline in the supply of fuels, we must ask whether'our.current national
pattern of energy consumption in the food industries, particularly the '
trend toward increasing use of energy in food processing and packaging,

are desirable trends for the future.

NEW TECHNOLOGIES (Solar, Wind, Biomass). Tt can be argued that the problem
iﬁ our energy system today is not that wé use too much energy, but rather
that we use the wrong kinds of energy. 0il and natural gas form important
components for synthetic materials, éhémicals, and the like. Whefever
rossible, they should be conserved for sﬁch long~term uses. Ccnsequently,
we should shift from a fossil fuel resource base to a renevable energy

resource base, particularly the use of solar, wind, and biomass sources.

ENVIRONMENT. The difecf use of energy involves various pollutant emissions.
In addition, indirect use of energy in the creation of industrial goods

has secondary environmental impacts in a number of areas. Of recent concern
are long term trends in accumulation of carbon dioxide and other gases and
particulate matter in the atmosphere. These seem to produce unfavorable
atmospheric conditions involving "the greenhouse effect", thermal inversions,
and the like. |

—iin



The modules prepared in each of these areas consist of an
1ntroductory background statement and a series of one-day lesson plans,
along w1th suggested bibliography and references to other materials.

The background statements are intended to introduce the topic to you,

the teacher, and should reduce your need for reading a number of original .
papers ﬁnd other citations to the litersture. Howéver, the background' '
statements are sufficiently short that they can not make you an‘energy~
expert, and we would hope that you pursue additional reading on your own.
Single day lesson plans were designed for easy use within existing

courses as well as in the construction of new courses. As a result, it

is hoped these curriculum materials will be useful in a variety of courses.

A specisal noté to you, the user of thgse curriculum materials,
is in order; The materials are made available in draft copy because of
widespread interest in energy issues. Where you encounter rough spots,
loss of proper citations to the literature, or other problems, bear with
us. A brief evaluation form is included iﬁ this document. We . encourage
you to give us your reactions and any improvements we might add té make
these materials more useful to you and to other teachers. The names.and :
school affiliation of the project participants are noted in the material
sé you can feel free to contact the individual teachers on specifié
questions. Finally, these documents reflect a concentrated effort over
three weeks by the teachers associated with the éurriculum developnment
project, and their efforts to translaté energy issues‘info'highlschool

course material for you.
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ENERGY CONSERVATION

Introduction

"Between now and 2001, [less than] 30 years away, the United

States will consume more energy than it has in its entire history. By 2001,

the annual world wide demand will probably triple,"l

sources of the earth will still be finite.

yet the natural re-

The energy problems which we face today and in the future are
partially a result of our civilization depending upon non-renewable re-
sources, and also a consequence of total energy consumption which has more
than doubled sipce 1950 while the population has only increased by one-third.
Twenty years ago this country was a net exporter of energy; in 1974 it was
importing 15% of its energy and 35% of its oil. In 1976 we imported over
L0% of our oil and domestic reserves of oil and gas were falling.2

Thus the basic energy problem is two-fold:

1) There exists a growing imbalance between the_demand for energy
and the available supplies, particularly the primary sources
such as gas, petroleum, and low polluting or "cleen" fuels. -

2) The ever increasing exponential growth in the demand and uses
of these fuels is producing economic, international and environ-

mental effects that our country can no longer tolerate.*
Since the turn of the century, the people of the United States have

been doubling their consumption of electrical energy every 10 yearsi3 ‘
Coubled to this is fantastic growth in consumption 6f fossil'fueis both by
transportation and industry. Only 100 ycérs ago the average person in the
United States used about 5 gallons of petroleum per year. Today, the annual

per capita consumption has grown to more than 1,000 gallons per year.

*The full impact of this problem can. be shown more clearly by the study
of the characteristics of any exponential curve and then applying them to
the energy situation. In a situation exhibiting exponential growth, the
doubling of any quantity at regular intervals results in a number that ex-
ceeds the total of all the terms that precede it (for example in the series
1,2, 4, 8 ... 8 exceeds the sum of 1 + 2 + L4). If this doubling effect is
allowed to continue uncontrolled, it will soon become "run-away."
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Not only has the amount of energy eagh:person uses grown ovér the
years, but the numbér of people using energy has also grown. In 1900 there'
were 75 million people in the United States and each person used 100 million
BTU's of energy. Today, there are over 211 million(Americaps, each using
300 million BTU's of energy. At this rate, all our energy supplieé wili R
soon be gone.

The Industrial Revolution ushered in the "New Age of Energy" be-
 ginning. sbout 1900. and utilizing such inventions as the automobile and
electric light. These and other inventions triggered the shift from coél to
0il and the incréased need for eléctrical genérating plents.

On November 11, 1965 America received the first hint of what was
to become a reality. On that night, there was a power failure. As a result,
the entire Eastern Sesboard became dramatically aware of how dependent it
had become on electrical -energy. Shortly afterward, sﬁqller blackouts and
brownouts began to occur frequently. ‘By 1972 the summer power shortages
were accompanied by a gasoline shortage and these were accémpanied by winter
fuel shortages. On October 17, 1973 the oilfrich Middle East nations stopped
their oil exports, yet it wasn‘t until December that the'impact of that
action was felt. On January 1, 1974 these nations doubled the price'of crude
oil putting the entire industrialized world in debt to them. Again on July
13, 1977, another blackdut in New Ybrk Cify'provided'a dramatic reminder that
we are almost totally dependent on.eﬁergy provided by our rapidly decreasing
natural resources. I

America had been drifting toward this crisis for more then a
decade with its philosophy of "live better electrically" and "more is
better." ©Now that our demands for energy for transportation, industry,
lighting, heatihg_and electrical generation are exceeding our supply of
fossil fuels andlability to use them, the United‘States,is'faced with more
questions: What is it going to do? What are iong and short term solutions?
What price (both economic and political) is it willing to pay for fuel? |
What effect will this policy have on the environment? Our industrialized
society has already upset the original balance between‘energy input and out-

put. What long term effect will upsetting this balance have? The answer is
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yet to be seen.

" Today we realize that our present fossil fuel supply is limited
and thgt our use of these fuels is raising the pollution in our environment
to new and dangerous levels. But what are our alternatives?  Basicaelly we
must begin. programs of conservation, develop new sources of energy and
establish the efficient use and producﬁion of energy as a national priority.

Of course, some new oil and natural gas may bé discovered which
could extend the time before all our fossil fuéls are gone. But 6nly by con-
serving energy - by using less and stretching out our remaining supplies -
can we really count on having the time wé need to develop new energy sources
in the form of solar, geothermal, and nuclear power.¥ ,

The development of economically viable fusion, magnetohydrody-

. namics, breeder reactors, all are long range goals, not present day realities.
To expect these concepts to become sources of energy soon, is to ignore
completely the difference between scientific hypothesis and commercial fact.
If fusion ever is mastered as a. "power plant" phenomenon, it will not be
until after the year 2000, perhaps 2050. Similar long waiting periods are
expected for other "new", and as yet untested, sources of energy. If then,
there is no help coming to ﬁs in the short term, and the long term holds
little promise until close to the year 2000, the guestion is - "How do we
survive between 1977 and 1999?" There can only be one answer - "Reduction

in energy consumption, now!"¥¥

Residential Energy Conservation

Three primary uses. of energy consume 26% of the total national
energy budget. Home heating (w/wo AC) is T0% of home energy use, domestic
hot water another 10%, while lighting consumes the bulk of the remainder
Conservation in the home should concentrate on more eff1c1ent use of thls

equlpment and where possible less use.

*¥"Fnergy Conservation: Understanding and Activities for Young
People," Federal Energy Administration.
¥¥*Energy Perspectives. Battelle Memorial Instltute, 1977



HOW DOES ‘THE U.S. USE ITS ENERGY ?

: Intercity — zir cond. 12.5%
Intercity refrigeration  7.6% -

Freight
' _ water heating 7.6%

Passenger
26.1% / Urban
Passenger
34.5%

space
heating
48%

Transportation .
25.2% . A TRANSPORTATION

air cond. (3.7%)

[

COMMERCIAL
cooking (5.7%)
refrigeration ¢5.7%)

Industrial
41.2%

Other (12.57)

space
‘ heating
-water heating 57.3%

(15.1%)

RESIDENTIAL

- Process
Steam
40.5G

Source: Participants Handbook - Cicizens Workshops of the U.S. Atomic Encrgy Cernniission

a

INDUSTRIAL
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APPENDIX A
PRELIMINARY ESTIMATE:

]974 ANNUAL ENERGY CONSUMPTION IN THE UNITED STATES BY END USE*

A PERCENT OF
SECTOR and END USE 1974 TOTAL
RESIDENTIAL
Space Heating 3,800,000 10.6
Water Heating 1,100,000 3.0 .
Cooking ’ 320,000 .9
Clothes Drying 160,000 .4
Refrigeration 490,000 1.4
Air Conditioning 420,000 1.2
Lighting and Other 770,000 2.1
Residential TOTAL 7,100,000 20.0%
COMMERCIAL
~ Space Heating 2,400,000 6.5
- Water Heating 240,000 1.0 .
Cooking . 80,000 .2
Refrigeration 370,000 1.0
Air Conditioning 800,000 2.3
- Feeds tock 560,000 1.6
Lighting and Other 830,000 2.3
Commercial TOTAL 5,300,000 15.0%
INDUSTRIAL : .
Process Steam 5,800,000 16.1
Electric Drive 2,900,000 8.1
Electrolytic Processes 390,000 1.1
Direct Heat 3,800,000 10.6
Feed Stock 1,100,000 4.7
Other . 130,000 .4
Industrial TOTAL 14,000,000 41.0%
TRANSPORTATION :
Automobiles . 4,300,000 12.1
Trucks 1,700,000 4.6
Aircraft 1,700,000 4.7
Railroads 250,000 .8
Buses 42,000 .
Waterways 84,000 .2
Pipelines 84,000 .2
Other 640,000 1.8
Transportat1on TOTAL 8,800,000 24.0%
NATIONAL TOTAL 100.0%

35,000,000

*Totals do not add due to rounding.




Present Sources of Energy*

Natural Gas
32%
Coal
17%

Hydroelectric
: 4%

Petroleum
46%

*United States, 1972

Source: Handbook for Citizens Workshop on Energy and Environment (1973- 74, USEA )
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"US Energy shortage was clearly predictable at least two yéars ago
when the domestic supply of fuels began for the first time‘to fall shérply
behind the rising total demand for energy. Domestic prdduction of natural
. gas and crude oil reached an all-time high in 1972 and has been falling
since. The oil and gas curves plotted here include a risingvfractidn of
imports and, beginning in the late 1970's, limited quantities of synthetic
gas and oil from coal and oil shale. The individusl curves for hydroelectric
power and fuels add up to yield total demand. The widening gap between
domestic supply and total demand is accounted for almost entirely by the
domestlc shortage of oil, as is 1llustrated on the next page (The. two

illustrations closely follow the progectlons made by the Shell 0il Compény.)
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us dependence on overseas oil cannot be eliminéted in the fore—
seable future except at what would seem to be prohibitive cost. It is esti-
mated that the US will have to import some 16 million barrels per day of oil
from overseas in 1990, of which at least 14 million barrels will origindte '
in the Fastern Hemisphere, chiefly the Middle East and Africa. Just to re-
duce this figure to eight million barrels per day the US would havé to build
plants capable of producing six million barrels per day of synthetic crude
0il from coal or shale, at an estimated cost éxceeding $50 billion. This
would be virtually as much oil as the US is expected to pump from zll its
domestic wells in 1990. The broken lines in fhe projections for the ﬁS and
the Alaskan North Slope indicate how even their 0il output will fall if there
are no further discoveries. The curve for total supply is made up of
barrels of varying BTU content, depending on source, hence the total cor-
responds in BTU content, but not exactly in barrels, to the oil curve in

the illustration on the preceeding page.
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Auto. Energy Conservation

The United States loses about two-thirds of the energy it con- .
sumes, partly because there are absolute physical limits of efficiency. Half
the loss, or the equivalent of 12 million barrels of oil = day, is wasted

and much of the waste could be prevented with better conservation measures.

Where the Waste Is
— ) « _ Consumed 10M
—f‘—'—"——> UTILITIES Lost 6.8

Consumed 10M
Lost T7.5M

—  INDUSTRY -

Consumed 5 .3M -
Lost 3.2M

>  RESIDENTIAL -

Consumed M,BMl
Lost 4.2

3 AUTOMOBILE -

Consumed k4,5M
Lost LM

- * OTHER TRANSPORT -

Consumed 3M

-y \ -
7 _‘COMMERCIAL Lost 1.8M
S OTHER - Lost .TM
Total Energy Cdnsumptién in Consumed - 38.3 Million Barrels Equiv.
1976: 38.3 Million Barrels -
of 0il Equivalent Per Day Lost -.25.7 Million Barrels Equiv.
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~ As is seen from Figure 1, it is the auto and other transport modes
whiéh shbwAthe highest waste to consumption ratio. It is apparent'then that
the private automobiie should be the primary»targep in any conservation
effort which can be undertaken with some'easé by eVefy private citizen. UNot
only is the automobile responsible for much of the energy lost in the area of
transportation but for urban travel it is.the'leést efficiént mode of
transport. A | |

T@bleAI indicates the relative inefficiency of the automobile as

a mode of passenger transport.
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TABLE T: Passenger Transport (1970)

" Transportation Mode BTU/Passenger-mile
Airplane ~ 8400
Auto (Urban) - 8100
Mass Transit (Urban) 3800
Auto (Intercity) 3400
Railroad (Intercity) 2700
Bus (Intercity) 1600,
Welking . 300

Bicycle 180

~ The energy requirements of automobiles increased greatly between
1950 and 1970. The reason for this increase is twofold: automobiles were
being bult for inéreased speed and luxury rather than for efficiency;
secondly the number of automobiles on the roads have doubled betﬁeen 1950
and 1970. .
From thé standpoint of energy efficiency,.the sutomobile is a
glutton. While the price of gasoline in previous years was low, the
majority of auto owners became wasters, consciously'or unconsciously. Thrift
and fuel conservation was last on their minds. During thé ensuing years,
auto manufacturers sold speed, comfort, status and sex appeal. With the
price of gésoline declining, relative to other goods, littlevthought‘was
given to fuel economy. Cars grew heavier, angines grew more powerful.
Power brakes, power steering and automatic transmissions became standard
equipment. Three-fourthé of all GM cars were equipped with‘aif-conditioning.
Fuel economy has greafly suffered at the expense of the power requirements of
our present day automobiles. '

There are a number of single individual measures we might take to

conserve on energy use byAthe automobile. As a driver you can meke a major
contribution to solving our energy problems by adopting good driving habits

which will conserve energy. For example: i) "Speed" is a primary consumer
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of gasoline. As shown in the figure, most automobiles derive 28% better

mileage at 50 mph than at 60 mph. Optimum speed is 35 mph - 40 mph.

o

3 ]
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T /\\
o

o 10 %

[0]

g .

= I I

1 L .
20 Lo 60
Speed (mph)

ii) Don't warm up the engine excessively. It is not necessary on cold days
to warm the car before driving. The improved viscosity oflmodefn oils has
eliminated old-fashioned notions of engine werming. Driving slowly for a
quarter of a mile will suffice. iii) Your air conditioner decreases fuel
economy by sbout 10%. Use it only when you're really uncomfortable.
iv) Join a carpool. Out of 58 million workers driving to work, 4O million
of them drive alone. This might be the most important aqtidn consumers can
téke to save énergy. Using mass transit is another good idea.
Maintenance of the sutomobile is also essential for conser#ing

energy. ‘A tuned~ehgine is essential to good. fuel economy, for example;
a) a malfunctioning carburator can waste 3 mpg; b) a misfiring spark plug

can waste 2 mpg; and c) a clogged air filter can wasfe 1l mpg. In general,
| an "untuned" or neglected engine consumes 6 - 20% more energy than a tuned
engine. In addition, it ié iﬁportant to consefve‘energy by choosing your
" next car discriminantly; For example, the most significant-variablé affécting
fuel consumption in an automobile is its weight. A car weighing 5000 pounds
uses more than twice as much fuel as one weighing 2000 pounds. Buy your
next car on.the basis of the combination of purchase price and estimated

fuel costs for as long as you keep it.

‘Industrial and Commercial Energy Conservation

Modern industrial society is totally dependent on high rates of
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consumption of natural gas, petroleum, and coal. These non-renewable fossil-
fuel resources currently provide 96% of the gross energy input into the

United States economy.h (See’ table below.)

TABLE 8

- NUCLEAR
ENERGY
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FOSSIL FUFLS now account for nearly all the energy input into the U.S. cconomy. Coal's
contribution has deercased since World War IT; that of matural gas has inereased most in
that period. Nuclear encrgy should contribute a substantial percent within the next 20 years.

Consumption of energy in the industrial society is primarilyvat.the
expense of "capital" rather than "income", that is, at the expénse of solar
energy stored in coal, oil and natural gas rather than‘SQIar radiation, water,
wind and muscle power,S Energy conservation in the industrial and commercial

communities is extremely important because. of their very large one-way energy
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demand.
Much of the stress in energy conservation is on private residences which

consume approximately only 20%. (See Figure 2 below.)

FIGURE 2 !
l' . Percent
a i ll’ ting 11.0
e —— _ -~ ‘ ) . i?; ting 29
- Rt i . R
v b . c. Cooking 1.1
c d. Clothes Drying .3
S ' e. Refrigeration 1.1
Transportation Percent Transportation Residential - g9 f.  Airconditioning .7
25.2% 19.2% g. Other 21
v. Fuel 249
u. Raw Materials 3 h Commaercial Percent
u
- Commercial h. Space Heating 6.9
14.4% P s o
Industrial Percent t \' . Water Heating ) 11
j. Cooking 2
t. Other 7.5 tndustrial | : :
. 41.2% ‘ ' k. Refrigeration 11
s. Feed Stocks 36 s »m . Airconditioning 1.8
. " m. Feed Stocks 1.6
r. Direct Heat 114
. e n. Other 1.7
q. Electrolytic
Processing 1.2 \ r
[
p. Electric Drive 8 . a

0. Process Steam 16.7

time T tha Hlnlend Consne NEFirn ~f Colnnee and Tochanlnn, Fyecative Officra At the Presidant ‘Mot

If the residences on the average éut 20% of their energy consumption, it
“would only mean a total national savings of: 20% x 20% = Total Savings. On
the other hand, if the industrial and commercial sectoré, which constitute
" 55% of UnitedJStates demand could cut energy consumption by an average of 20%,
it would mean a total national savings of: 20% x 55% = 11% Total Savings.
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Unfortunately, as stated earlier, the modern industrial society
thrives on high.rates of energy consumption and so has no instinctive in-
centive to conserve. So while the average homeowner might rindvhlgher fuel
costs as an incentive to conserve, the industrial and commercial sectors find
them an expense which often may be passed on to consumers. So if'cutting back
on the energy consumed by the industrial and commercial‘communities-is dif-
ficult, then how can this segment.of society be made to conserre? The -
answer appesars to lie in some of the same methods'that are applied to private
residences. These methods stress Energy Eff1c1ency rather than simply a drop

in energy demand and they include the following:

1. Space Heating - Coollng

2. Insulation

3. nghtlng

k. Energy Efficient Industrial Appllances
5. Off-Peak Operation

Modern buildings, with very few exceptions, were not de51gned to
he energy conserv1ng The World Trade Center in New York is an extreme
example., The 100,000 kw or so of power needed by this Center with some
50,000 employees is more pover than is reqnired by Schenectady, New York,

a city of 100,000 people. Large savings of energy are possible if buildings
are deisnged to Operate with less energy. For example, a large energy ioss
in commercial buildings is attributed to "infiltration" which accounts for
25 to 50%'of the energy used in heating, cooling, and ventilation. Qnite _
‘often an entire building is ventilated to the same level as is required in
special areas snchAas bathrooms, kitchens, and conference rooms. It is esti-
mated that reduction of exeess ventilation alone could reduce fuel needs by
15% or so.6 A . ‘

A major waste of lighting energy occurs in commercial bnildings‘-
offices, schools, hospitals, ete. for reasone that seem to have no souhd
physiological basis. In 1952, for instance, the recommended classroom
lighting was 20 foot candles (a measure of brightness).- This was raised to
30 in 1957 and to 60 in 1971. Thus "no contest” lighting has resulted in
bnildings in which all space,vnot Just working space, is brightly lit and
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this includes walkways and even space nesar windows for which daylight would
suffi.ce.7 .

Types of fuel used by industry are a150‘é factor that should be
considered with. conservation in in&ustry. Table 9 shows the'relativelper-
centages of fuel types used by industry. As can he seen in theé table,.the
pércent of coal used has décreaséd since 1960 while oil remained relatively
the same and natural gas and electricity has increased. The reasons for the

shift to oil and natural gas dre not hard to find. The conversion. of rail-

TABLE 9

Industrial Fueis {by percentaye)

Energy Source . ' - Percent of Iolai

- 1960 1968 1974

Coal } 26.7 22.6 143
Natural Gas . 34.3 ' 37.3 379 o \
 Petroleum Products 19.3 18.0 - 19.8 ) .

Electricity 19.7 226 279

Source: Patterns of Energy Consumption in the United States, Of-
fice of Science and Technology, Executive Office of the President,
Washington, D.C., 1972, and Bureau of Mines, U.S. Department of
the interior.

roads to diesel engines represents a large substitution of petroleum for

coal. Beginning during World War II, the rapid érowth of the national net-
work of high-pressure gas-transmission lines greatiy éxtended the availability
of natural gas. In recent years, the demand for cleaner air has led to the

substitution of natural gas or low-sulfur residual fuel oil for high sulfur
coal in many central power plants;8
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EFFICIENCIES OF NFATING WATER with ns tural gos indi.
rectly by generating electvieity fue use in resistanes hes ating (top)
and diceetly Chottom) are conteasted. In cacl case the end result is

ennugh heat to warm 50 gallons of water from 32 degrees Fahren.
heit to 212 degrees. Electeical method requires substanti; illy more
ks cven thongh cfliciency at electric heater is nearly 100 pereent.

The rise in electricity consumption tends to decrease in effi-

- ciency.

As can be seen in the diagram above,

the use of electrical energy to

heat water from a temperature 32°F to 212°F islless efficient than using

natural ges difectly.

shift toward natural gas or low sulfur oil,

creasing electric hot water heat.

However, as noted above, recent years have seen a

electricity generation, and in-

If the electricity portion of energy

consumption rises to the predicted leveéls of 43% to 53% of the country's

gross energy consumption by the year 2000, then an emount of energy equal to

about half of the useful work done 1n the United States w1ll be 1n the form

9

- of waste heat from power statlons!
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F;GURE 3: U.S. Demand for Gas
(In Quadrillions of BTU's)
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Source: Volume No. 3 Future Requitements Agency, Denver Research '
Institute;. University of Denver; Denver, Colorado; September
1969. Supplemented December 1970. '

On the other hand, déposits of natural gas by the year 2000'will
have been so deéleted as to force the use of this precious resource only for
purposes for which no other economically usable raw material is available
(See’Fiéure 3 above.)L0 Natural gas consumption should be shifted away from -
the industrial and commefcial sectors specifically in areés where it is used
"fofwai}égt heating, spaCéAheating and process steam which are the areas re-~
quiring the greatest percent of industrial and commefciallenergy (See Figure
2 on page C-21) and for which other fuel sources can be substifuted having

equivalent energy content to natural gas (See'TableAlO).
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TABLE 10:. Energy Content of Various Fuels

Energy
Energy per
Equivalent Pound
Fuel Amount {M Calories) (Calories)
- Coal .
Soft coal {bituminous)  ong ton 6.1 3,100
Hard coal (anthracite) one ton 6.4 3,200
Qil, distiliate (including .
deisel) o barrel 1.5 ~ 4,900
Gasoline . barrel - 1.3 4,800
Natural Gas 10001 . .26 5000
Wood ‘ 1 cord!b) 5.3 © 1,250

A{a)Million.” . . .
(b)One cord is a pile of wood 4 ft. long, 4 ft. high, and 8 ft. long.
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and Environment, Washington, D.C.
Quick, easy to read. Nontechnical. Includes heat zones, recom-
mended insulation and anecdotes on how small energy savings by

the individual family translates nationwide.

Federal Highway Administration, 1975.. "Carpool and Save Money", uUs Debart-
' ment of Transportation. '

Fowler, John W. Energy - Environment Source Book. Washington, D C.,
) Natlonal Science Teachers Assoclatlon, 1975
An excellent source of all kinds of information (charts, graphs,
explanations) on many facets of energy. Part I - Energy Society
and the Environment; Part II - Energy, Its Extractioh and Use,

Most helpful information for teaching.a unit on energy. Cost $b.

Freeman, S. David. A Time to Choose: America's Energy Future. Energy
Policy Project of the Ford Foundation. Cambridge, Mass.,
Ballinger Publishing Co., 19Tk. : '

A complex, fact-filled analysis'df the energy issues with 3
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possible options for the future: historical growth'scenafio,

technological fix scensario, and zero energy growth scenario.

Freeman, S. David. Energy: The New Era. Ney York, Random House, 19Th.

A readable treatment of the many issues involved in the energy

" problem: past, present and future.

Freeman, W. H., 1971. Fnergy and Power. A special edition of readings from
Scientific American, San Francisco.
‘A good source of factual and graphical material on energy and its
connection with industry, agriculture, the biosphere, the universe

economics and the process of decision msking.

Hayes, Denls. Energy: The Case for Conservation. World Watch, Paper #L,
January, 1976, 1776 Massachusetts Ave., NW, Washington, D.C.

New York State Power Authorlty Our Energy Problems and Solutionms, 10 Co-
lumbus Circle. New York.

This‘pdmphlet.copyrighted inv1977 by Energy Conservatiothesearch,
9 Birch Roéd Malvern, Pennsylvania includes sections on the
'energy problem and the relationshlp of energy and the economy. vA
section defining energy, its forms, uses, etec., is followed by

meny specific suggestions for»conserv1ng energy. - A list of

additional sources of information is also included.

US Department of Commerce, 1975. '"Making the Most ovKouf Energy Dollars"
National Buresu of Standards, Wasi:ington, D.C.
Describes heating index and savings associated with insulation
ih terms of fuel costs, and emphasizes that tﬁe greater the fuel
cost the more‘insulation should be used. Identifies the most
economical insulastion to use in terms of cost of insulation and

savings to be achieved with its use.
US Government Printing Office, 1975. "Energy Conservation", Washington, D.C.
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Suggests possible projects for the home and includes a list of

helpful agencies and addresses.

University of Tennessee Environmental Center and College of Home Economics,
1977. '"Energy Conservation in the Home", Knoxville, Tennessee.
The housing section, activity section and énergy basis are very
hel@ful. The activity section has excellent suggestions.
The.energy'unit data With4respect to water heaters . is in‘error;_

otherwise, theﬁmaterial is very good.

Motor Vehicle Manufacturers Association, 1973-T4 Automobile Facts and
Figures, Detroit, Michigan. :
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13.

14,
15.
16.

17.
18.
19.
20.

Working Copy

‘Footnotes
Conservation
Energy Conservation Undefstanding e Federal'Energy Administration
Environmental Snudies Syllabus .... Bureau df General Education .
Department. '
Social Studies Introduction .... New York State Power Authority.
Page C-20. ' A '
Page C-20.
Page C-22.
Page C-23.
Page C-23.
Page C-24.
. -~ Page C-25.

Page C-26, Fowler, page 85. A
Page C-27, Arthur D. Little, Energy Policy Issues, NY: US National
Committee - World Energy Conference, 1971, page 9. \ ‘
Fowler, page 85.

Page C-28, Fowler, page 86.

Pége C-29. S. David Freeman, ed. A Time to Choose: America's Energy

Future. Cambridge, Mass: Ballinger Publishing Company, 1974, page 328-329.

Freeman, op.cit.p. 307.
Ivid, p. 306.

Fowler, p. 86. .
Freeman, op.cit. p. h85—491;
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TEST YOUR E.qQ.
(Energy Quotient).

Agree or dlsagree w1th,each of the following statements.

' Before

JLLL e

l

" After

There really is an energy problem.
Each one of us must begin to save energy

It doesn't really matter if I waste a little energy:
it doesn't add up to very much. : :

Saving energy can also result in saving money.

My ideas about the energy problem have not changed.
thls year.

I would be willing to sacrifice some conveniences in
order to save energy.

I think it is important.to consider the energy needs of
people in the future.

I think it is more important to do all the thlngs I
want to do right now, even if it meens I might not have
enough energy in the future. :

There are many things I can do to save energy.

The sun may be an important source of energy in the
future.

Strip mining and shale are easy’ solutlons to the energy

.CrlSlS .

To save energy we can cut down and we can use necessary
energy more efficiently. -

Big companies and the government have told us that there
is an energy shortage just to scare us.

Put a check in front of the statements that you learned somethlng about:

Insulation saves energy, by stopplng waste.
Our supplies of oil and gasoline are running low.

Some appliances use a great deal of electrlclty and energy.

There are many practlcal ways to save energy.

Conservation is part of the solution to our energy problem.
Carpool1ng is- important.

Cogal, wood, and water power will not help our home heatlng problem.'
Solar enérgy is a free and unlimited source of energy.

For some things, solar is practical for use right now. - -
Nuclear energy still has some problems such as radlatlon and waste
shortage and transportation to overcome. :
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List 4 ways of éonéerving energy at home:

- If our oil supplies riih out} what aré othér altérnatives?
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BURN BABY BURN
Fueling Enérgy
Objectives.
The student should be able to:
a) Describe the relationship between fuel and energy.

b) Calculate energy equivalents‘for fuels.

c) Analyze why some fuels are more desirable than others for heat
production.

d) Demonstrate. why heat engines operate most efficiently at peak
performance.

e) Discuss need for conservation of nonrenewsblé sources of fossll
fuels.
Overview . o
: Since the Arab oil embargo of 1973, the phrase "energy crisis" has

come into wide use throughout the Uhited States. ‘It may be interestingAto
note that this so cailed "energy crisis" is not really a crisie in energy
but is rather a crisis in fuel. Fuel is the resource from which ‘our in-
dustrial society obtains its energy. A.student's clear;underStandiﬁg of the
. eénergy problem can be reached only if'he‘is first‘mede aware of the re-
lationship between energy and its basic means of proauctioﬁ - the burning of
fuels. |

The student burns a fuel under a Beaker filled with a pfedetermined
amount of water. He measures the total temperature chenge in the water and
then calculates the quantity of heat energy produced (in calories) by the -
burning of that fuel. The heat gained can be calculated by using this

equation:

Heat Gasined (+Q) = Mass of the water x Temperature change x Specific heat
Specific heat of water = 1.0 cal/g - C

- Materials o
.1 fuel source - approximately 1 cm3 in size (sterno paraffin, candle,
wood splints, paper wad, alcohol*, methanol or 1so—propyl)

1 Celsius thermometer (range 0-100. C)

¥Take extra precautlons if alcohol is used 51nce there is a danger of
spilling.
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1 evaporating dish (or other contalner sultable for . contalnlng
combustion) . . . ,

1 150ml pyrex beaker A .
1 tripod with wire gauze: (or ring stand with ring support) .
Room temperature water
Strategy .
Ask students what we mean when We use’ the term energy crisis". Stim-

ulate class discussion by proposing that there 1s no energy crisis.” Attempt

jrenewable foss1l fuels.”‘When the:prob;em 1s.establlshed,.lead into a dls—
cussion of how energy is obtained from fuels, and how that energy can be
measured. Mention and deflne such terms as calorle BTU (Brltlsh Thermal
Unit), and specific heat. Introduce the method to ‘be used in this act1v1ty

for measurlng ‘the number of calorles obtained from the burnlng of a fuel.

Notes to the Teacher

3

~ 1. Be sure all fuels are approximately the same voiume; 1 cm” is a good

- size to work with for sterno since the total burning time wili not
exceed more than 15 minutes. Other fuels may have to be smaller or
larger depending on their burning.time. . i} -

2. Instruct students not to let the thermometer bulb rest on the bottom
of the beasker otherwise they will be measurlng the temperature of the
flame and not.the temperature change within the water,

3. If the temperature change in the water is not very great, the fuel

should be moved closer to the beaker

4, If alcohol is used as the fuel, warn students of its ‘high flemme~
bility and the danger a spill could present.“(To prevent spillage,
it is possible to use a paper towel soaked‘in aicohol although the
results should .then be noted as the burning of a paper-alcohol fuel.)

5. Be sure students use room temperature water so that all the heat

. 8&lned comes from the burning fuel and: hot from the surroundinz
room air: _

6. Questions may arise about specific heat. "It can easiiy be enplained
as the ability.of a material to absorb heat energy Water has a

high. ablllty-to absorb heat: S.H. = 1.0 cal/g - C.
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Sample Responses - n : R

1. Fuel is a material resource anaf when Bhrned-produces energy (fuel
' -represents potentiel energy) .. | '
2. The most important pr0perty of a fuel is its energy content.
3. a} Fuel supplles on earth. are limited and will eventually run out. 0
b) Fuels and material pollutants to the atmosphere when burned . '
4 1ncompletely *
b, Other energy alternatlves at thls tlme 1nclude the use of nuclear;
sclar and wind energy, but nuclear "fuel" alse has the disadvantage
of radlatlon contamlnatlon. | i
5. a) It. possesses the greatest amount of energy at the time the fuel be-
comes exhausted.
.b) The fuel efficiency tends to increase since moSt:of its heat
energy has already been transferred to the water.’ '
6. It is basically_the seme in a steam engine, most of the fuel that
is burned af first goes into converting liquid waﬁer to steam. This
is why electric power generators remain on eveniwhen electric demand
is low. 4 -
7. a) Natural gas.
b) Natural gas - it produces the greatest nﬁmber of calories per
pound. . ' o
8. a) It is solid and is hard to transport.
b) It is dirty. ’ :
¢) It produces high amounts of sul fur pollutants.
d) Below ground mining is hazardous. Above ground iining_strips
the land moisture'and ground holding vegetation. |
9. &) As & gas, it is hazardous to transport.
b) It is in small-supply worldwide. |
¢) Tt is expensive to liquify (and keep liquified).

Extension Activities

1. Have students burn other fuels and calculate‘and compare the heat.

" ¥Even complete: burnlng ylelds co

to the atmosphere which may upset radlatlve &y
balance’ of the earth : :

2
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2. Have students compare the cost of different fuel types.and'their’re-
latlve energy produclng eff1c1enc1es. '

3. Have students list the problems 1n burning and handllng the major
“types of fossil fuels.

4. Have students compare the economical and environmental efflciency of

coal, 0oil, and gas to.produce electricity.
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Student Activity -Sheet:

. Name

Date

< |so \m\ UAYFP

' | / loom\ P\oom T‘r/\(’rpi\'\’\"" \}\]A’h:&
T ; ‘ TRe Gavze ™ .
Distance Ny ‘"‘“"_‘ e TEAD Ot . . o
Approx. S : . : |
"2 cem - e FOEL - : -
Le ENACGLATIIG DI
AN . . .
= - \&4\ ‘@A\":Fh SuftPT
T N |
- Figure A
Procedure 4 | |
1. Set up the apperatus as shown in Figure A (Be sure the fuel is no more
than 2cm from the beaker. ) ' S
. P&ace OOml of room temperzture waziter in tre benker. Fecord tie gage of
the water (]_m_L = J_gm) ) :
3. Record the temperature of the water, at the start, in the chart.
L, Ignite the fuel and record the- temperature of the water at 1 minute ln-.

tervals, until the fuel is completely burned. Record the temperatures

in the cha.rt
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5. When the flame is completely burned, subtract.the starting temperatures
(Ts) from the final temperature (Tf) tejéetﬁfhe total temperature change
(AT). Record in space'provided AT = Tf - Ts. , ‘ |

6. ‘Calculate the total heat energy gained by the water by -using the fol-

lowing equation:

Heat gained = Mass of water x Temperature chsnge (AT) x Specific,Hea‘.t

(Calories) (Grems) (°c) (Cal/gm - °C)
Data
Chart 1
. Time =~ L2 13|4)516 {718 |9[10]11 1é 13{14{15[16{17]18]19120 |

(Minutes) Start|:

Temperature
- (°c)

Mass of Water = Grams
AT (Tf - Ts) = L °c
11.0 cal/gm-= °C

ACalories

Specific Heat of Water

Heat Energy Gained By
Water

7. Graph temperature. (°C) versus time (minutes) on the graph below:

Temperature (°C)

S0L2 b T6 810 12 1k 16 18 20 22 24 26 28
Time (Minutes)
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8. Ansver the follow1ng questions

1. What is the’ dlfference between energy and fuel?

2.. What is the most important property to look for in choosing a good
fuel? A - |

3. What maejor disadvantages are there in burning fnel io produce energy?

k. What other possible alternatives are there to burning fuel to produce
energy? '

'5. a) According to tne graph and your calculations when does the water

possess the greatest'amount of energy9 .

b) If the burning temperature of the fuel remained constant through-
out the experlment and yet the heat energy of the water rose,
what can be said about this efficiency of a fuel the longer it
burns? ,

6. How is question Sb related to the eff1c1ency of & fuel burning in a

steam engine (such as one used to power an electrlc generator)
Refer to Chart 2 and answer questions 7 - 9. S : i

CHART 2: Energy Content of Various Fuels

: Energy Per

Fuel . . . .Amount Pound (Calories)
Coal .

Soft coal (bituminous) one ton 3,100

Hard coal (anthracite) one ton 3,200
0il, distillate (1n— " barrel B 4,900

cludlng deisel) A : :

- Gasoline o barrel . , 4,800 .

Natursl gas -~ = 1,000 £t 5,000
Wood ' 1 cord¥* ‘ 1,250

*One cord is a pile of wood 4 ft. long, 4 ft. high, and 8 ft. long.

T. ) Which fuel would glve off the most heat energy per pound when -
-‘ burned?
b) Which fuel is the most efficient energy source?

8. . Coal, as & fuel, produces a relatlvely high amount of energy per

pound, What dlsadvantages does it possess as an energy source?
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9. Natural gas is & good burning fuél, but what iimitationé does. it

have as a fuel for automobiles?
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PROBLEMS, PROBLEMS

Energy - What is the Problem?
Objectives |
_ The students. should.te able to:
a) Identiﬁy some of the problems aSSOciated with,energy supply.
) List and discuSS‘some of,the'conseqnences'of'an energy shortage.l
) Name alternate energy Sources.
)

Identify some of the consequences and/or problems associated
with various energy sources. ~

© €) Find current articles which pertain to problems of energy
supply and demand. :

‘ Oyerview

We have en energy problem since our demand for energy is greater

" than our currently avallable supply. The consequences of this problem could
be serious. There are solutions to this problen, 1nclud1ng conservation as
well as alternate energy sources (coal, solar, wind, nuclear technologles,,
etc.). Each of the solutions is only a partlal or temporary ‘solution to the

energy problem.

Materials
Student activity sheets.
Current newspapers, magazines.

Scissors.

Strategy

Thls act1v1ty is intended to create interest 1n and promote dis-
cussion of the overall problem of energy supply and demand The questlons :
might be completed and then discussed or they may be answered as a’ class and
discussed one at a t1me . ,

After sufficient discussion, the students should look for current
information on energy related problems. They mlght even be encouraged to
keep a folder for relevant newspeper and magaz1ne cllpplngs whlch.may be

referred to for further 1nformatlon.'

Sample Responses"
1. ~The price of oil has risen’ from $2. 70 per barrel in 1973 to $11.51 in
1975 (and recently - 1977 - to about $13 per barrel) and it continues
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10.
11.

12.

13.

to rise. The Middle East countries hold a monopoly on supplies of oil.

(Answers may vary.)

The price Wlll probably continue to. rlse, esPec1ally as it becomes

necessary to 1mport more oil.

Some" of the consequences are: the US will become dependent on the oil,

producing countries, Americans nill lose their jobs, American money will’

be handed to the countries of the Middle.East, and transbortation and

life styles of Americans will be seriously affected. .

Our demand. '

Conservation and alternate energy sources such ss solar.enefgy.: .

Drilling and exploration are expensive, time consuming and risky (An-

swers will vary.)

a) (Answers will vary.) Some areas for consideration are: . dsmage to our
econony, international relations, transportotion systems, ete.

b) (Answers will vary. ) Petrochemicsls, sutos, electrical, geothermol,
ete. will all beneflt |

a) Energy problem.

b) Energy solution.

¢) Energy solution. _

No. (it was necessary to import about 6 mllllon barrles/day to meet

its demands. This amounted to about 37% of its consumption.)

The US must import ever 1ncre331ng amounts of 0il to méet 1ts demands.

(See graph #2. ) ~ . o A

The Arab 0il embargo of 1973'and the resulting highef prices, caused =

" ‘both the decllne in energy consumption (due to conservation) and in oil

" imports.

(Answers will vary. ) Dlscuss1on of future trends mlght be an 1nteresting

conclusion to this lesson

Extension Activities

.Students might be encouraged to clip articles from current news-

papers and magazines and to classify them.according to whether they present

an energy problem or its solution (or supply and demand).

Other resources, such. as natural gas, might be investigated.

At present rates of consumption, expected existence of. these
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valuable and non-renewable resources may be calculated. (See figure 3.) .
Example: Using-Consumption Rate:of 18.5 Q/yr - (1975)
' . 19LQ + 18.5Q/yr & 10.5 yr (Natural gas)

FIGURE 1: How Did We Become so Vulnerable to 0il Imports?

mmb/d _ o n
18 — ' o .. Total Domestlc Demand

16
:1‘.

12

10
8 ' _ et
.%7 S i E 7 T _{ AP i - NE

195 55 - 60 - 65 - 70 75

Source: '"National Energy Outlook", February, 1976 (p. xxiii).
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FIGURE 2: Data From the US Bureau of Mines
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FIGURE 3: Energy Resources in Quadrillion (Q) Calofies,
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. BReferences -and Resources

National Science Teachers Association, 1975. Energy—Env1ronment Sourcebook
Washington, D.C. (This is an excellent reference book on all
aspects of energy technology.) S

A Federal Energy Administration, 1976. National Energy Outlook,'February,‘
Washington, D.C. ' . ' .

ERDA Pamphlets (available free in classroom quantltles ) The Energy Crlsis :
(8 pages), Energy Technology (8 pages), US Energy Options (8
- pages), Creating Energy Choices for the Future (16 pages), P.O
Box 62, Oak Ridge, Tennessee 37830.

RHR Filmedla,,Inc., "The Hidden Energy Crisis", color, 16mm. Availsble on
' free loan, 1212 Avenue of the Americas, New York 10036. (This
film presents another consequence of the oil shortege ~ the loss
of .petrochemicals.) ~
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Student Activity Sheet
Name

Date

The Ierrlble price of inaction:
Lost U.S. dollars.
Lost U.S. jobs.

LostU.S. mdependence. |

‘What does the cartoon tell you about our energy problem?

What doe you think will happen to the price of oil and gasoline in the

future?

What will happen to the US 1f the Mld-East countrles dec1de not to sell

any 011 to us’ S

Which is greater - our supply ofvoii'or the demand for it? -
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5. What are some a.lt_erna’pives to this problem?

6. According to this cartoon, how can importing oil affect the US?

$Some pwmm think

we have to do is stick holes
in the earth to find ol

ks, b .  RiLh »&" - «;&"@W’“W%
A A 1

To pinpoint the oil and gas
you need, we've got to do much
more than that.

To begin with, there’s the geo-
physical exploration and the leasing
of the land. Last year, we paid pver
500 million dollars for offshore
leases alone —just for the right to
look for oil and gas. ¢

Next we have to drill to sce if
there actually 1s o1l or gas under-
ground. Drilling can takcup to a
year or more, If oil or gas is discov-
ered, we then can begin develop-
mentdrilling.

§

But drilling is risky and costly.
Qutof every 50 exploratory wells
drilled in scarch of new oil or gas...
only one on the average finds
enough to be recovered in commer-
cial amounts.

Then there’s the cost. By the .
ldlcstavaxlal)lchgum the average
onshore well in 1973 cost $107,000,
and offshore the average cost of a
single well was $687,000. And if
deep drilling is required, the well
could cost as much as 1 million
" dollars or more.
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Ta. What are some of the problems of obtaihipg new supplies of 0il?

_ Tb. What are some of the possible results of running out of oil?__ "~

8. If coal must be used instead of oil what are some of the problems which

will be caused?

..........

: ~ Could Am%rica run out
of electricity? . oo
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Over 46% of our energy demand today is supplied by petroleum or’

crude oil. Graph #1 shows how much our demand qu 0il hgs increased since
1950.. | | o |

In order to better understand the problem which exists between the
. amount of oil which we currehtly use and the amount that the US is capabie_
of producing from domestic oil wells, plot the following infbrmation on -
graph-#l. Then compare the amount of oil that éan'be.supplied with the

amount that is actually being used.’
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GRAPH 1: US Petroleum Products Consumptioh

(mmbid)

1950 55 60 65 70 - 75

Source: U.S. éureau of Mines. *
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Estimated US Crude 0il Production

Year © Million Barrels Per Day
~=ar , : 5 -

1950 - 5

1955 %

1960 - T

1965 7.5

1970- , 11.6

1973 ' .10

1975 . , _ 9.5

10.. Accordlng to the graph was the US able to produce enough oil to

. satisfy 1ts demands in. 1975?
11. VWhere must the US get the 011 that it needs? “““

.12, What caused the sudden decllne after 1973?
13, Finish the graph to show what you think w111 happen to both the: supply

.and the demand for 011 by the year 1980 Discuss possible reasons for
this trend L

Exten31on ActlerL

Look for maga21ne artlcles or plctures which tell somethlng about
our energy problems. Put them into two groups. Let one group include all
those whlch deal with problems of supplying energy and let the other group
ineclude those which explaln the demands or users of energy Briefly list
a few ideas about each group. (You may work on this individually or with

your classmates.)

Problems of energy Supply ~ Problems of energy demands
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GIVE AND TAKE
Energy Demand

Objectives
As a result of this activity, students should be able to:
a) Identify the 4 main users of energy.

b) Realize that the demand for energy is beglnnlng to exceed the
rate at which it can be supplied.

c) Understand some of the ways in which our fuel supply is used.

d) Discover that as the demand on our fuel supply 1ncreases, the
supply will decrease

e) Make and compare functional (activity) models and descriptive.
(graph) models with the real world situation.

f) Choose only those energy needs which are most urgent and
1mportant.

Overview

'We make many demands on our supply of energy.. The L4 large con-
sumers use energy at a faster rate than it can be supplied. Thefe'is a
complex situation of many interactions which affect everyone in sﬁpplying
and consuming. energy. If our demand for energy continues to increase, some
energy needs may not be filled. Therefore, we must make choices between
"needs" and "wants", and we must leern'to-use our valuable resources wisely.

When the energy. demand exceeds the supply, an "Energy Crisis" results.

Materials

For each group:

1 pair of dice

Student activity sheets

120 easily obtainable objects which will stand for energy unlts (paper
clips, straws, pebbles, pieces of paper, etc.)

5 role cards or scorecards

Strategy

Distribute the necessary materials to each'group'aﬁd familiarize
the students with the "rules" of this acti?ity. _

Emphasize that the students are to assume the reles of the 4 main
users of energy. As such they are to decide (vy rolling diee) when energy is

to be used and for what purpose. One student in each group will be the
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eﬁergy supplier; he will give a unit of energy to the player who rolls the
number indicated on the top of his card. Every time the supplier rolls his
given number he may &dd a "newly mined" unit of energy ‘to the energy supply
pile.. - | o

As players choose the items that the energy.is to be "used" for,
make sure that they also mark an "X" ﬁext to that item on their playiné |

cards. When they have obtained the appropriate number of "X's", or energy
units, to fill that need, the item should be circled to indicate that it is

completéd.l . ) _
The activity ends when the energy supply is depleted.

The results of each group should be graphed, and when that is com-
pleted, the class results should be discussed. Since this activity is baééd
on probability, there may be a variety of results: some similar to the graph
_ glven; others very different.. However, they should all indicate that the .
Present demand exceeds that rate at which the'enérgy.can be produced or
supplied.

Students should then be asked to compare their results to real
world situations. Does their model show a possible situation? If not, why
not? They should be lead to discuss possible situations which could cause
the results that they have obtained. For example, if there were a great in-
' Crease in the amount of energy required for tfanspdrtation,'the students
should be able to siuggest reasons why this might occur - mbre private auto-
mobiles; shift from cities to suburbs for living, meking commuting to jobs :

necessary, etc.

Sample Résponses

1. Will vary with each group.

2. Any new appliances, manufactﬁring systems, population trend, etc.

3, Will very. - ‘

L, | Will vary'; for example people conserving, fewer items made, etc.

5. Probably "yes". This might be a good question for further discussion.

Were the items not provided for things that were luxuries or were they
necessities?l | '

6. The supply decreased.

T. The supply will decréase more rapidly.
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8. Yes.

Extention Activities

If the students become interested, You may have a discussion or
involve them in further research. on why the new energy was being supplied at
such a slow rate. Is this realistic? If 505 what are some of the problems
involved in mining and refining fuels? What are some of the difficulties
presented by alternate energy technologies such as solar, wind, blomass,
nuclear resources. ' |

To further illustrate the delay in being able to build a power
plant to provide for the inereased energy demand, you might choose to..in-
volve the class in an activity called "The Waiting‘Game",(avaiiable from
Con Edison). This gives students some idea of the complexity of the pro-
blems of building, licensing and finally getting a power plant "on line" to
add to the generating capacity of the utility. (This usually takes about
lO-years to complete,)

Another extension activity might involve'having students take an
electrical appliance survey in their homes (or in school). As they list the
appliance they should classify them as to whether they are necessarx (such
as oil burners, stove, hot water heater, etc. ) or whether they are luxuries
that they mlght be W1111ng to do without in order to conserve energy (for
example: electric toothbrushes, electric penc1lsharpeners, sunlamps, etec. )
This type of decision making technique could eventually be an important

means to energy conservation.

Resources and Reference Materlals

Current periodicals and newspaper articles,
TMMW Bulletin, June, 1974,

-Steinhart C. and J. Energy - Sources, Use and Role in Human Affairs, North
Scituate, Massachusetts: Nuxbury Press, 197L.

Consolidated Edison. The Waiting Game, 4 Irving Place, New York 10003.
(Available free on request.)
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Each player needs a counter—coins of different denom-
inations, or counters borrowed from children’'s game.
One dice is also needed.
N}

Roll the single dice to set order of play and to deter-
mine whether player will build nuclear or fossil-fueled
plant. Nuclear route is longer because it usually takes
longer to. build a nuclear ptant—5 to 7 years—than a
fossil-fueled plant—3 to 5 years. However, nuclear
plants are better from an environmental standpoint, so
the company tries to go that route rather than fossil,
whenever possible. So, player may build a fossil-fueled
plant only if he rolls a 1 or 2. Player rolling 3, 4, 5,
or 6 must build a nuclear plant.

Player rolling highest number starts play, rolling dice
again before moving his counter. Other players follow
in clockwise order.

If player lands on space instructing him to ‘‘wait one
turn,” he loses a turn.

If player lands on space requiring him to wait until he
rolls a specific numbe;r on the dice, he cannot move
until he rolls that number. He may roll only one time
per turn. :

Two or more players may occupy the same space.

If player lands on space that does not apply to type of
plant he is building, he ignores the instructions. For
example, player building fossil-fueled plant lands on
“New design for emergency core cooling system for
nuclear plant. Go back 4 spaces and install.”” He stays
on square and ignores the instructions. Player on
nuclear route who lands on space with instructions for
fossil-fueled plant does likewise. .

All players must observe instructions pertaining to
transmission line.

Once a player has obtained a permit by an exact roll,
he retains the permit for the rest of the game. lf he
lands on the same space again, after having been sent
back, he does not need an exact roll to move his
counter. .

Nuclear and fossil-fueled. routes are the same for most
of the game. Where paths divide, player follows path
for the type of plant he is building.

About mid-way through game is a ‘’Day of Assessment’*
square. If player building nuclear plant lands on this
space, time is running out-—he is not going to ‘be able
to complete his plant in time to meet demands for
power. So, he must go back to start of game and try
the faster fossil-fueled route. Touéh—but it's happened
to Con Edison.
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Player- must land on ''Plant goes on line'' space hy an
exact roil. If he is near the end and rolls a nuniber
greater than the number of remaining spaces, he may
not move his counter. For example, player 5 steps fram
end would not move his counter if he rolled a 6. HBut,

if he rolled a 4, he would advance 4 steps and would
then have to roll a 1. -

The first player'to reach the "'Plant goes on Iiné"
square is the winner of the game. .




Student Activity Sheet

: . Name
) pate
“ANSPORTATION | COMMERCIAL
[_L‘J’_QJL A.:;ur‘mm.mu"’rf

KESIDEMTIAL

ENERGY

SUPPLY | |
: ‘ N

N - S \ 'H QIW}—W}

! INDuSTRY | UTILITY

Today you will make a model of what our demands for energy are

”

ey

]

doing to our supply of energy resources. J

What are the four main users of energy? s - .

, and .

1. Form groups of L dr 5 students. Each student will tske the role of one
of the four large energy users ahd will receive a card with the demands
he has for energy. One student will be in charge of the "mines" and
"oil wells" and will supply additional energy for the group.

2. The person in charge of the energy supply places 100 objecfs.in the
center of the group and labels them "Energy Supply". ﬁé also gets 20
more objects which stand for the amount of energy fhat will be added
from the mines and oil wells that day. He labels these obJécté "New
Resources" and puts them in front of him. | ,

3. Each person takes a turn rolling the dice; everytimé the number in the
Box on the top of an energy user's card is rolled he may take an ob-
Jject (energy) froﬁ the "Energy Supply" pile. When the supplier rolls
the number that is shown in thg box on his card, he must take an object

(energy) from the "New Resources" pile and add it to the "Energy Supply"
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&

pile in the center of the group. o

As the 25535 get energy they are able to use it to run their machines,
light and heat their homes and factories, run their cars aﬁd'buses, and
so on. To show what the energy is used for, put am "X" next to the
right usé on your scorecard. If there is a ﬁumber next to the use, it
means that much energy is néeded, for example (2).méans,you must get éA
objects or units of energy in order to fill that need .. . .
Try to fill the most important need on your séofécard first. There

may not be enough énergy to fill all your needs, so choose wiselyl
Continue to take tprns rolling the dice and'demanding energy unfil the

objects in the."Energy Supply" pile are gone. Then answer the following

- questions.

Actual US Energy.Use'for 9727

. ] P
" Pransportation ' (2.5) : :
' - by
| Lo bt
Utility : (2.5) } :
' . I S N A
Community snd NW | (2.0) ! !
Residences ' . | i S
I I T B g Lo
Industry DTN : (3.01. :
PR S T R B N
0 10 20 30 40 50 60 70
Percent '

Supply? Decreasing



Your Group's Model of Energy Use

R [ IR T I RN N

Transportation” " | I _I_ 0 4 __ 1.1 _
[ O N D

| I D T N O

Utility RN T
: T R e

S R B S N

Commmnity snd ~ [T 17170 17
Residences N Y [ PPRRY SR B

S N S R S O

Industry S O B s
' [ T P R O A
0 10 20 30 %0 50 60 70

Percent -
Supply? (# Left)

How do your results compare with the actual energy used in 19727

1.

Graph your results and the results of the rest of your group in the

spaces above. In what area did you "use" more energy than the actual

percentages?

Predict what conditions or new inventions you think could lead to this

increase in energy use.

In what area did you "use" less than the actual values?

What sitﬁations could have caused this? ’

Were there any important demands. on youf séorecards that could nqt be

filled? . If so, write some of them:

What happened to the supply as each player filled his demand?

What will happen to the actual supply of our energy-resources if de-

mands in all 4 areas continue to increase?’

Is this model similar to the real world situation?

Are you beginning to understand what is meant by the words ?energyA

crisis"? Discuss this idea with your classmates.
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INDUSTRY (30%)

(You must roll doubles of a
total of T)

Use power for:

lighting (5)_
heating (5)

running large machines (5)

manufacturing (5)
assembling items (4). .
packaging items. (3)
storage (1)
safety features (2)
Waste disposal-- (2)
elevators (2)°
conveyer belt."z-T
plastics (5). ° . ,
othey - T

UTILITY (25%)

(You must roll doubles or a
total of 6)

Supply power to:

Heat homes (3)

light homes - (25

heat stores .& offices (2)
light stores & offices (2)
light factories (2)
heat factories (3)f"

run machinery (3)°

pover traffic lights (1)

power vater pumps, etc 5
telephones (2)

run appliances‘i25 .

supply computers (2)

supply hospitals (3)

other

COMMERCIAL & RESIDENTIAL (20%)

(you must roll doubles or a
totel of 9 or 11)

Use power for:

heat " (3)

light (2) ‘

hot water—rgy—
refrigerator (2)
freezer (2)

stove (2)
hair dryer z25

clothes washer (1)

clothes dryer (2)

TV (each) (2)

vacuum cleaner (1)
dishwasher (2)

lawn mower (1)

stereo (I)

radio (1)

clocks (1)

electric mixer (1)
electric fan (1)
toaster (1)_ _ -
electric frying pan (2)
electric toothbrush (1). .. -
other

TRANSPORTATION (25%)

(You must roll doubles or &
total of 8)

Use power for:

buses (5)

cars (5)

trains (&)

subways (5)°

airplanes (5)

fire department (2)
police department (2)
sanitation department (3
freight (3) -
‘taxi cabs (2)
motorcycles l;
oceanliners )
motorboats (
mini-bikes (

other

(
(
1
1




Energy Supplier .
1. You give the 4 players units of energy (from.the- plle of 100 units)
each time they roll their numbers on the’ dlce.
When the person in charge of:’ B

a) tran3portatlon rolls’ doubles or & total of 8 glve h1m l object or

unit of energy

b) 1ndustry rolls doubles or-: 8 total of I_glve him I object or unlt,»
c) Utlllty rolls doubles gz_g_tgtgl_gg_é_glve him 1 object or unit -
of energy. . - ‘ G Sk o
d) commercial and residential rolls a total of 9.0or 11 or doubles glve
him 1 object or unit of energy. . . . - =
2. When you roll a 2 or 12 put 1 object from the "New Resources pile
(pile of 20 obJects) into the Energy Supply.pile.
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"WHAT'S WATT
Measuring Energy
Objectives
As a result of this.activity the student should be able to:

a) Match. forms of energy use or pouer with. a convenlent unit for
measuring each,

b) Be able to convert from one unit to another.

c) See the relationships between units, and also realize that
some units are more convenient to use for a particular energy
measurement :

d) Notice that there are common energy units in both the metric
and English systems.
" Qverview . ‘

This is'intended as a basic lesson for the introduction of students
to energy and power units and the differences and/or relationships between
them. The following points should be stressed:

Energy may be megsured in many different ways and therefore re-

o quires the use of many different measuring units.

Energy-mqugremente may pe converted from one unit to another.

Power is the rate at which energy is used.

~Stratesx_
- Siﬁce this unit reiys on a "game" formaf, it will probably be
most successful with Tth, 8th, and possibly 9th graders who have had very
little or no previous exposure to energy and power units.

The game itself may be used as an introduction to the topic, as
& summation of the lesson or even as ‘a reinforcement of what has been pre-
viously taught, ' o ' ,

The backgfoqnd of your class will determine the amount of intro-
duction needed to play the game. Allow 1 to 2 complete class periods for
the completion of this activity. ‘

Materials.
Student activity sheets (Playing boards, matching cards, and directions)

Scissors
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Sample Responses

FOOTPOUNDS KILOWATT . WATT-HOUR | - MEGA WATT
KILOWATT HORSEPOWER. 1 MEGA WATT * |  (KILO)CALORIE
CHOUR o Lo A o ;
KILOWATT © WATT : wares © | B
HOUR ‘
CALORIE  KILOWATT-HOURS HORSEPOWER KTLOWATT
ENERGY' UNITS POWER UNITS .-
Calorie (kilocalorie) Watt
Watt-hours , Kilowatt
Kilowatt hours o ' Megawatt
_BTU ' ‘ Horsepower

Horsepower-hour

1. Calorle watt—hours, kllowatt—hours, BTU, horsepower—hours.

2. Watt, kilowatt, megavatt, horsepower.. 4

3. Some unlts measure heat energy, others electrical energy. There are
also dlfferent units for measur;ng very large orlvery small amountslof
energy aﬁd power . » ,A

4, No. Megawatt is a large unit usually used for measuring the power of .
something as large as an electricAgenerator._ A watt is more cohvenient;

5. No. The Calorie is a more convenient unit since the energy released by 2

food is often in the forﬁ of heat rather than electrical energy.

. Kilowatt. - ‘ | -

Calorie.

Watt-hour.

. Foot-pound, BTU,

N O N O
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Energy-Power 1ic-Tac-Toe

linergy . Power Tower

Energy Power

Enérgy

‘Person to complete row of 3
energy units is the winner.

Power || Energy.. |  Energy

Power | . Energy | Bnergy

Power Power

Person who completed row of 3
power units is the winner.
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Student Activity Sheet

Name -

Date -
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In this activity you will be asked to match some eﬁergy and power users.
with the most convenient unit commonly used to .measure them. Before you be~
.gin the game, cut out the "unit cards" from the activity sheet, and
place them face down on the taﬁle between you and your partner.

Remember: 'Energy is the ability to do work.

' Power is the-fate at which energy is used.

To play:

‘A, Choose a person to begin. Each person in turn may take a "unit"
card" and cover a cqusre on his or her playing card. Be sure
.that'the'units correctly matchés the use. If no match is pos-
sible, put{thé'card on the discard pilé. o

B. The first pérson to complétély covér a row of Y4 squares,
diagonally, horizontally or vertically is thé'winnerQ (Winngrs
should check their "matches" with their teachers.)

Now you should be able to gfoup your "umit cards" into 2 piies - one
for power units and the other for energy units. List the units which<belong

to each. group:

Enefgy<Units . . : Power Units
1. Three energy units are _ , . , and.

2. - Two power units (which indigate the rate at whichAenergy is used) are:

............. : arld . . . . . . .
3. Why do we need more than one unit for measuring energy and power?
4 Would it be easy to measure the power of a pocket radio in megawatts?
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5. Would it be easy to measure the energy obtained from food in Kilo=
Wa.t'thOU.I‘S? ,,,,,,,,,,,, . L ) Explaln:

Check correct answvers: N

6. Which unit is larger? watt Kilowatt -

T. Which unit is commonly used for measuring heat enefgy? calorie’

«  wattesec ‘

8; Whigh unit is commonly used to measuré.electrical energy? watt-hour

horsepower-hou# = - o
9. Which units are not metric units? kilowatt_ - footpound’

BTU - .

Challenge your partnef to & game of Energy—Power Tic-Tac~Toe.

Shuffle your "unit cards" and again turn them face down on-the table. Each

'p;ayer in turn should take a card and put it carefully on the playing board

. below in an attempt to form a row of either 3 energy or 3 power cards in a

rov.

Each player may try to block the other player and the player who com~

pletes a row; horizontally, vertically or diagonally is the winner.

CALORIE KILOWATT " BTU MEGAWATT " KILOWATT
HOUR
FOOTPOUND WATT KILOWATT- HORSEPOWER WATT
* HOUR :
WATT HOUR MEGAWATT CALORIE HORSEPOWER MEGAWATT -
. HOUR '
KILOWATT HORSEPOWER FOOTPOUND KILOWATT CALORIE
- HORSEPOWER | KILOWATT KILOWATT WATT HOUR BTU .
HOUR HOUR .. . .HOUR. -. .

c-62"




~&8 -

- Energy-Power Tic-Tac-Toe
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BETTER InsuLATE THAN NEVER

Insulation

‘Qgﬁectlves
‘The students should be able to:
| a) Record and graph temperaturos
D) Obqerve the effects of insulation on heatlng and cooklng rates,

c) Analyze a mode, investigate places where unwanted heat loss-
- gain might be eliminated by installing insulation.

Oﬁerview: ?

A tin cangdemonstrates the principle of heat loss by conduction.
This principle prnvides a simplé conservation techniqué for use ih.thethme
(or school or any industrial buldlng) '

It is easily demonstrated how heat los8 can be reduced Jlgnlf1~
caLtly by insuletion. _

Since space conditioning (bofh heating and cooling) is the largest
residential consumer of enerpy, a substantial saving in both fuel and dollars
can be achleved by the installation of proper Lnsulation.

A sma’l initial capltal expenditure for 1nsulation will usually

Pay for itself in a few years and more importanfly w-'l conserve our. nen-
renevable resources. '

Materials 7

Soup can (at least 3 per group)

Thermometers V

Scissors

Newspaper

‘Tape

Source of heat (bunsen burner, 1mmer51on heater, -ete. )
Graduated Cylinder

Ice cubes (optional)

Other forms of insulation (optional)

' Strategy .
‘ Depending upon the background this'experiment and activity may re-
quire very little preparation or might demand an introductory lésson on
methods of heat trapgfér'and how to calculate the amount of heat gained or

lost by a substance.
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" Notes to the Teacher
Caution the students to employ previously taught safety techniques . '

when working with hot water.. The tin cans (especially those which are not
insulated) will become very Lot and should'be touched only with potholders
or asbestos mits. If this presents a problem, the experlment may be modlfledA

to work with lower temperatures and longer tlme intervals.

Sample Responses

1. a) #4. Heat was lost quickly to the air because of no insulation.
b) #1. 1Insulation kept heat transfer down to minimum. ' _J A
2 & 3. Answers will vary based on data. For examﬁle: If 200 ml of
water cooled from 100°C to 80°C (in 5 minutes) the heat lost would

be:
Q'= tm
Q = (-20°C) (200g)
Q = L4000 calories = —h'kilocalorieé‘(calories) lost

3. Insulation should reduce heat loss considerably.

. Extension Activities

Students should be encouraged to check the insulation in their own homes
and make necessary changes. They could then calculate av1ngs in dollars
and in fuel which result from adding 1nsu]atlon to their own homes._

Other ways of insulating and/or reducing heat loss could also be in-
vestigated (storm windows and doors, use of draperies; célking windowsrand

seams, cleaning furnace, insulating hot water tank, etc.)

Resources and References

University of Tennessee, 1977. Energy Conservation in the Home: An Energy
Education/Coﬁservation Curriculum Guide for Home Economics Teachers,
Knoxville.

Superintendent of Documents. "Making the Most of Your Energy Dollars in
Home Heating and Cooling", publication #C13.53: 8, Washington,

D.C. Cost $.70. _ : .

FederalAEnergy Administration. Project Retrotech Home Weatherization

' ' Manual Washrngton D C. . -
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Additional References

Adams, Anthony, Your Energy—Efficient House : Bulldlng and Remodellng Ideas.
Charlotte, Vermont: Garden Way Publishing, 197) .

Butel, Jane. "Saving Electricity with Household Appllances,' The Journal
of Home Economics, November, 1975, pp. 20-22. B

Eccli, Eugene, and Sandra Fulton lkiccli. "Save Energy! Save Money"!
: Washington, D.C., Office of Economic Opportunity, 197h.

Energy Conservation Research, 1974. '"The Energy Challenge: What Can We Do?" .
Mslvern, Pennsylvania, 29 pages, free. - -

- Federal Energy Administration. ' "Tips for Energy Savers." Washington, D.C.,
Government Printing Office, 197k,

Morrell, William H. The Energy Mlser s Manual. Eliot, Maine, The Grist
Mill, 1974/75. S

Consolidated Edison, (n.d. ) "101 Ways to Conserve Electricity at Home.",
. New York. : :

US Department of Commerce. "1l Ways to Reduce Energy'Consumption and In-
crease Comfort in Household Cooling." Washington, D.C., Govern-
ment Printing'Office 1972. ‘

US Department of Commerce. '"Home Energy Saving TlpS from NBS." Washington,
D.C., Government Printing Office, (n.d.).

US Department of. Commerce. "7 Ways to Reduce Fuel Consumption in House-
hold Heating Through Energy Conservation." Washington, D.C.,
Government Printing Offlce, 1972 :

Vragel Kurt. How to Save Energy in Your Home. Dénvér, Kurt Vragel
Associates, Inc., 1975.

General Electric, (n.d.). "Watts Going on Where You Live?" Louisville,
Kentucky. : :
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1OWMUCH INSULATION GOE

The amount of insulation needed
epends on the type of insulation used,
sailable space, and the amount of
<posure of each surface to the
ements. For example, because heat
ses, more insulation is required in the
liling separating the heated area of
e house from the unheated attic or
of.

One area may need more insulation
an another, depending upon design
ynditions of your home but that never
eans that a surface exposed to an
vheated area should be overlooked.
‘oper insulation is just as important
1 the floor of aroom over an unheated
irage as it is on the outside walls of a
om,

The following are recommended
rels of insulation for various areas of
urhome. Itis important, however, to
nsicer adding insulation beyond
+se levels for greater protection. The
st of added insulation versus the
Jed savings to be realized should be
nsidered, however, in any decision.

1 1

4 \//9/' S)/,?/ \

ATTIC FLOOR: A minimum of

6 inches of fiberglass batt or blanket

o insulation, loose fiberglass, rock
wool or celulose (R-19).

OPEN OR UNFINISHED
OUT SIDE WALLS:
’ A total of 3 % inches of fiberglass

batt or blanket insulation (R-13).

FLOORS OVER UNHEATED
BASEMENTS & -
CRAWL SPACES:

A total of 6 inch.:s of fiberglass batt
or blanket insulation it vinted (R-19). A total
or 3-% inches of fibergliucs batt or blankets it
unvented (R-13). C-67
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WINDOWS, DOORS AND
WEATHERSTRIPPING:

Storm or double glass on all
windows. Storm or insulated doors on all
outside doors. Caulking and weather-
stripping around ali windows, doors ane
cracks.

FINISHED OUTSIDE WALLS:
® A total of 3% inches of blown or

loose-fill fiberglass, rock wool,
celiulose (R-13) or 3-% inches of urea foam

(R-19).
batt or blanket insulaticn or 2.2

6 inches of polystyrenc sheets

covered with a fire retardant such as shect
rock (R-11).

HEATED BASEMENT WAL
A total of 3% inches of fiberg!?

7 e e
?;'///////’7 ARV

S WHERE:
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Energy for Heating and Cooling

6. It possible, during the daytime set bedroom
temperatures lower than living areas in the
winter and higher inthe summer.

7. Assure that your thermostatis properly adjusted.

8. Clean thermostats carefully once a year to
remove dust.

9. Locate your thermostat where it will accurately measure the temperature. Be careful it
does not pick up heat or cold from other sources such as from hot pipes, sunlight, air
ducts, outside doors and heat generating appliances. These external influence can
cause the thermostat to respond to artificial calls for different temperatures.

10. Our bodies act as small heaters and humidifiers.
When large groups of people are anticipated ina
home during the winter, the thermostat can be
turned - down a couple degrees to avoid
becoming 100 warm and wasting energy.

INSULATION

11. Adequate insulation Is the most Important consideration.in conaervlng heating and
cooling energy In the home. Such Insulation wlll also contribute greatly to our comfort
dusing both summer and winter. Insulation will reduce the Ieakage of heat Into or out of
our homes. :

ANALOGY - Heating or cooling a house is like
pumping air into a porous tire. With a fast leak
you must pump continuously and vigorously.
Similarly, insufficient insulation will cause your
heating and cooling systems to work harder.
With a slow leak in the tire, you are notrequired
to pump so hard and can even stop and rest
periodically. Sufficient insulation will allow your
coolmg and heatmg systems to stow down and

The greatest loss or gain of heatin mosthomes is
through the roof. This is-also the easiest area.in
which to install adequate insulation. Almost
every home can hardly afford to have less than 6
inch (15 centimeters) of good insulation in the
attic. Insulation in exterior sidewalls and in
floors over unheated areas is also highly
desirable. The greatest loss through a concrete
slab tloor is fromits edges. Insulation should be
placed around the entire penmeter of the slab.

The effectnveness of unsulauon is indicated by its R- value. The R-value: indicates the
insulation’s resistance to the passage of heat. The higher the R-value, the greater the
resistance. R-30is recommended for attic floors and R-13'is recommended for extnnor
walls and ﬂoors over unheated areas. : :

Source:_ Our Energy Problems and Solutions.
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Energy for Heating and-Cooling
Consult a qualified contractor if you are not sure about installation. Care is required
since moisture problems can be created if insulation ts not properly installed.
Remember uninsulated houses leak up to twice as much heat as those properly
insulated. Adequa!e insulation can therefore return substantial savings as shown m the
table below.

Insulation % Fuel Savings
3 inches (7.6 cm) atlic floor 26%
2 inches (5 tm) exterior wall ' © 8%
2 inches (5 ¢cm) under lower floor 12%
Additional 1 inch (2.5 cm) aitic 3%
floor and exterior wall '
Additional 3 inches (7.6 cm) in . 2%
attic _—
51%

Evenrt with mild winters where the outside temperature averages 45°F (7. 2°C)' your
insulation investment can be returned within two years and thereafter give you an
annual savings.

PUT THE LID ON YOUR HEATING & COOLING COSTS!!
AIR LEAKAGE

12. A cold draft cornirig from a window or door can indicate air leakage in and out of the
house. To eliminate as much as 30% of your heat losses, install weather stripping at
movable joints and caulk around leaking frames. Don't forget the attic door!

Example:

A 1/8inch (0.3 cm) crack around a standard exterior door loses heat through 29 snuare
inches (187 sq cm) - Believe it or not, this small leak can cost you over 14 duiliars cacn
year. . :

13.Air leakage Irom heated areas into the atticis especially important:

a) ENERGY LOSS & COST - Since warm air
rises, any opening to the atlic can cause a
significarit heat loss. A typical home may easily
have 30 square inches (194 sq cm) of leakage to
the attic through doors and other penetrations.
This leakage can raise your winter heaung cost
as much as 10%.

b) MOISTURE - Heated air carries moisture to
the attic where it can condense and cause
wetting of insulation and building materials. in
our typical house with 30 square inches (194 sq
cm) of leakage, over a gallon (3.8 liters) of
moisture can flow into the attic each day,
assuming the rélative humidity is maintained at
30%. ] ] .
Look for leakage around loosely fitting attic stair doors, pull-down stairs, electric hght
penetrations, ceiling fan penetrations, vents, pipes; and air ducts I your basement is
heated, close ‘off upper wall construction that is open to the attic.

PLUG THOSE LEAKS!M

14.1f your house uses a‘combustion type furnace, check to assure adequate direct Iresh
{outside) air supply direct to the combusuon chamber so it won'tsuck airin Ihrouqh
windows. ,
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Extension Activities

Checking Wall‘Insulation

Objective: To determlne the adequacy of wall insulation in a completed
structure.

During.the heating or cooling season, when the heating or cooling equio-
ment is operating, place a thermometer firmly against the inside surface
of an exterior wall and another in the center of the room. It's easiest
to hang the thermometer on a picture nail or hook on the wall and place .
it in a chair in the middle of the room. Allow sufficient time for the
temperatures to register and then record the two readings. If the dif-
ference between the two readings is greater than 59F, -the wall is probably
not adequately insulated. The example illustrated below shows an exterior
wall temperature of 67°F and a center of the room temperature of 780F.

A

c.”‘

Y

The next step is to determine the d1fference in the- two read1ngs
78°F-67°F = 11°F. - The difference is greater than 5°F, therefore, for

this example, we would draw the conc]us1on that the wa]] may be 1nade-
quately insulated.

Source: Engrgy\Conservation in the Home, University of'Tehnessee, Knoz-
ville, Tennessee, 1977, p..203-20k.
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Now you try this exercise at your house. You may wish to try it in ‘
several rooms with exter1or walls. ‘ ‘ '

Room

Qutside wa]] thermometer reading
Center of the room thermometer reading

The difference between the readings:

(higher reading) (Tower reading) (difference)

Is the difference gregter than 5°F?

Conclusions:

Are there reasons other than 1nadequate wall insulation which micht cause
a difference in the temperature readings? .__What might they be?
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Extension Activities (Contimied)

1.
2.
3.

- Greater than 100 united inches

Investigate home insulation
Calculate fuel savings

Calculate insula.tion costs

Sample Improvement Costs. -

These sample costs were used in estimating the best combination of energy conservation improve.
ments for the various climates and fuel prices covered in this booklet. They include an allowance -
for commercial installation, except in the case of weather stripping and caulking which is considered
to be a dotit-yourself project. While these costs are typical of 1975 prices, there may be considerable
variation among specific materials, geographic locations, and suppliers. It usually is worth your
time to obtain several estimates for matenials and instatlation before making any purchase. Many
of these items can be purchased at substantial discounts if you watch the advertised sales. Consndc -
able savings may be made by mstalllng these yourself, where possible.

TATTIC INSULATION< ] : ‘ FLOOR’ INSULATION
(ALL MATERIALS) .. ) (MINERAL FIBER BATT)
Installed cost per square foot of attic: Installed cost:
R:11 = 15¢ R-44 = 57¢ , R-11 = 20¢
R-19 = 25¢ R-49 = Gag _ ' R-19 = 30¢ -
R-22 = 29¢ R-57 = 74¢ R-22 = 34y
R-30 = 39¢ RGO = 78¢
R-33 = 43¢ R-66 = 86¢ : ~ DUCT INSULATION

(MINERAL FIBER BLANKET)

WALL INSULATION : .
. stalled.cost pe are fc aterial:
(ALL MATERIALS) Installed.cost per square foot of mjlnn 3
_ . YL , i e .8 = 30¢ R-32 = 90¢
Installed cost = 60¢ per square {oot of net wall area R6 = S0¢ R-40 = $1.10
s n-24 = 70¢

S1()RM WINDOWS ™
(TRIPLE- TRACK CUSTOM MADE AND !NSTALLED")

$30.00
$30.00+ $.60 per united inch greater than 100

Up lo 100 umtcd inches (height+ w:dth)

HI)

STORM DOORS
{CUSTOM-FITTED AND INSTALLED**)

All sizes = $75.00

WEATHER STRIPPING AND CAULKING

Prices vary according to material used. Use the most durable materials available,
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Savings From Better Insulation
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Student Activity Sheet

Nare

Date

Today you will explore heat conduction and how heat loss can be
minimized by the use of insulation.
A. Obtain 4 (or 5) soup cans, newspaper, scissors, tape and thermometers
as directéd. Cut the newspaper in strips equal to the height of the tin
can. Wrap 2 cans with 10 lgyers of newspaper aS'shown'and fasten in

place with tape.

B. Make 3 "hlankets" of newspaper sbout 9cm square and 10 layers thick.

Put & hole in the center of each of 2 of these through which you cen
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insert a thermometer.
C. Heat water to b0111ng ‘and - carefully add 200m1 (approximately 3cm)
to each. can. '

D. Set up and label cans as shown:

#1 Insulate sides,  #2 Insulate only  #3 Insulate only  #4 No insula-
-top and bottom sides top : tion (control)

See if you can inéulaté this to givé best résults. #S'ﬂ
E. Record the temperature of the water in each case at time intervals of 1

- ‘minute and plot'the values on the graph provided.

F. If time permits, repéat the experiment several times, average ydur-
valués then graph your results.

G. If your teacher directs you to con51der heat galn repéat the experimgnt
substltutlng ice water for boiling water 1n'Step‘C |

- H. Compare the results of this experlment using your graphs then answer

the questlons.

100 +
90 + .
80 +
70 +
60 T

- 50
Lo +
30 T
20 T

" 10 A

OA

-

=
-+

T
o <+
o 4

o "T’
0\4r

w -+
=T
w T
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Questions

1. a) Which cen lost heat the fastest? _:Why?
b) Which can lost heat the slowest? Why? '
2.. How much heat was lost by can #1?
byc&n#h? AA . ......
by. can #57? o " (optional)
To calculate the amount of heat lost (or gained) use the formula:
Q= M
Q@ = heat in calories
T = change in temperature in °C (T - To)-

mass in grams (Remember for water 1 ml = lg)

3. Compare the values for the heat loss of can #1 with that of can #l.

Does insulation have a significent effect on heat loss?

Explain:

4. Did minimal insulation (cans #2 and #3) have any effect'on.heat loss?

If you observed heat gain using ice water, answer questions 1 '~ h.to see
if insulation also effected the way the water in the can gained heat.
This modél roughly approximetes your home:
Can #1 would represent a well insulated house;
Can #2 a house with insulation only on walls;'
Can #3 a house with ceiling insulation; and
~ Can #4 a house with insufficient or no insulation.

Which would you choose?

o #2 #3 . #h

c-76



A SWITCH IN TIME SAVES
Solving the Energy Problem

Objectives _

The student should be able to:

a) Optimize solutions for energy problems

b) Descrlbe optlons the US government may - have in deallng w1th the

"energy crisis"

‘Overview ‘

This activity will have students develop solutions to problems’
first by themselves then in small groups and last in a olass discussion.,

Students may role play

Materlals
Student activity sheets

Policy option charts (one per student)

Strategi
' Have students, individually, identify in writing the possible options

which the US government could consider in dealing w1th energy problems. At
first, give students no guidance or suggestions. ‘ _ _

After students have worked independently for:a brief period, group
‘students (-6 students) to develop one list of options.

Bring entire class together. Have each group present the list of
‘options. Have them explain their selection. ‘

Give each student a copy of the handout "policy options"

In original groups, ask students to list S'options in order in
which they.would recommend them to the government.

4 Bring the ‘class together again to hear group reports. Allow time

for discussion based‘on the lists of options. .

- Consider hgving the class read a consensus on. 5 of the best options.
At this p01nt they should be directed to- write to the appropriate person in

the government, giving thelr suggestions.

Notes to the Teacher

If students need training in working in groups, teachers might use
some of the activities in "Learning Discussion Skills Through Games". Gene

and Barbars Stanford, Citation Press, $2.00.
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Student Activity Sheet

Name
Date
Policy Options
I. Status Quo - Growing dependence on oil imports.

-

IT. Status Quo Plus 0il Stockpiles

ITI. - Expend Domestic Supplies .
A. Fewer environmental constraints
B. Deregulete domestic prices
C. Expand sale and leasing of'government lend
D. Raise price of iﬁports ‘
E. Expand Presearch and development ectivity
Iv. Lower Domestic Demand
A. Raise prices
B. Raise required efficiency standards .
C. Exﬁand research and development activity to incfease efficiency

. of energy use

Present Dilemma

Degree of uncertainty as to options to be chosen by US go#ernment
Degree of uncertainty as to OPEC behavior
Effect of uncertainty on private investment planning

Choosing between trade-offs
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A WORD TO THE WISE
Energy Vocabulary

Objectives

| The student should be able to: -
a) Define technical energy vocabulary needed to study the chart.
b) Practice skills needed to independently acquire necessary
technical vocabulary for the study of energy.
Overview
The technical language of a subject generally causes communication
problems for students. Given the limitations of time and the extensiveness
A of the curriculum, it is not possible for a classroom teachér to.teach every
technical word that his/her students will encounter during the study of a
subject. _ '
| The solution is to teach a few words in such a way that there is
economy of time through transfer of skills. Teach 3 to 5 caréfqliy chosen
words so that word analysis, word recognition and word méaning skills are
developed. Consistency in this procedure develops students' compefence to

the point that they can apply skills independently to untaught words.

Materials
Vocabulary list
Pre-post test

Extension activities #1-5

Strategx

Use the following criteria to develqp‘a list of words to be
taughﬁ: (1) key concepts, (2) relative value and (3) student competence,
From the list, select several words to teach carefully emphasizing context,
structure or phonetic analysis as appropriate. Choose words because of the
skill which can be developed.

What do you do with the remaining words on the 1list? Pronounce. the
words for the students, calling attention to letter sequence and configu-
ration. Teacher may give meaning if no aid is provided in the text.

Meanings may be drawn from the class as part of inductive devélqpment of
concepts.

Many times the mere pronunciation of the words will trigger
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associations with listening and speaking vocabulary.

Notes to. the Teacher

Many-of the strategies for these instructional activities ereA
taken from Harold Herber's book "Teaching Readipg in the Content Areas",
Prentice Hall, 1970, Chapter 8.

A vocabulary list is ineluded. Teachers mey wish to select words
from this list rather than use the entire list. Teachers may wish fo add

other words appropriate for the energy unit they teach..

Exten51on Act1v1t1es

Several act1v1ty sheets will be found in the student,materiais
section. These are examples of exercises for the relnforcemenﬁ of vocabu-
1ary.' It is possible to develop reinforcement activities at the literal,
interpretive and applied level. Some of these (example #1) require students
to_categorize - an essential ingredient in concept development. This is &n

interpretive level exercise.

Sample Responses - Extension activity #1

Directions: Listed below are several words from the energy unit.
They can be grouped under 3 broad categories. Look for relationships among
the words and identify the three categories, listing the appropriafe words

under each category.

coal, oceans, sun, petroleum, breeder, tides, natural gas, uranium, fission,

A'geothermal fusion, shale oil, reactor, sun, radiation, wind, waste material

- Nuclear Fossil Fuels - Free Fuels
fission natural gas : wind

. fusion petroleum : sun -

breeder shale oil ' ' tides

reactor | coal ' oceans
radiation ’ ' | _ | .waste material
uranium o | ' geothermal
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Sample Responses - Extension activity #2 -

Directions: In each row of words below, two words are the same.

Find the word which is used twice and write it,in‘the~spdce provided.

1. fggngtgﬁidg generation generating general gengration generic

2. '_demand ~ demand remand demean demeanor demand ‘ '
3. electri¢ity eleétricity' électrify"veleétrical electrolysis electricity
4, 'fﬁerﬁal't temporal thermal therm thermometer ' thermal

5. geéothermal geology geothermsl general _geography . geothermal

6. Joule boule joule goule Jewel joule '

T. '_watt what‘ watt wat watt wait

8. _turbine- turbine ' turbine turbin touriﬁg turkey

9. _nuclear nuclear nucleus nuke nuclear nuclei

10. _fuel fool feul feel fuel fuel

Sample Responses - Extension activity #3

Directions: To solve this puzzle, look at the definitions below.
Think of a word which fits the definition, has the same number of letter as
the number of spaces provided in the corresponding line, &nd has the given

letter in the same position as indicated. Write the word on the line.

1. independence
2. Nuclearx
3. dEmand
L. solaRr
5. Generation
6. supply

Definitions:

1. State of being free from outside control.

2. Refers to being within the nucleus of an atom.

3. Rate at which electric enefgy is delivered to or by a system
at a given instant or averaged over any designated period of
time, expressed in kilowatts or other suitable units.

4. Radiated directly from the sun.

5. The act or process of producing electric energy from other forms
of energy. E

" 6. The amount of eneréy available for use.
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Sample Responses - Extension activity #4

Directions: In each of the seté,below,.3 of the words are related.
Circle the word that is unrelated. On the line at the top of the set wrlte
the word or phrase that explains the relatlonshlp ex1st1ng -among the re—

maining 3 words.

Energy -

Fossil Fuels’ Coe
1. PETROLEUM L, SOLAR
" COAL WIND
{ WATER - NUCLEAR
NATURAL GAS - TURBINE -
‘ . Energy Measurements " Power Plants
2. KILOWATT 5. HYDROELECTRIC
THERM THERMAL
BTU : CONVECTIONAL -
}ELECTRON NUCLEAR
Load Energy’
3. PEAK . 6. KINETIC
AVERAGE NUCLEAR
BASE POWER
WATT

POTENTIAL

Sample Responses - Extension activity #5

. Directions: Each of the scrambled words below is followed by a
deflnltlon that states the mean1ng of the word when put in its correct '
spelling. Read each of the definitions and then unscramble the word to mean
8 word correspondlng to the given definition. Write the new wo;d 1n phe
blank given. 1 o ‘

RYGENE The capacity to do work L ‘Energy .

1.

2. ARELNUC Having to do with energy in an atom's nucleus Nuclear

3. MADEDN Rate at which energy is delivered ‘ Demand

L. OLSIFS = Fuels derived from remains of organic materials - Fossgil

5. TLAROGEMH Energy within the earth's crust Geothermal
6. ~LAOSR Energy radiated directly from the sun - Solar

T. WROPE Rate at which energy is used . Power

8. TICKENI Energy possessed by objects in motion Kinetic
9. DERCU Oil units natural state Crude

10. EROALCI Heat needed to raise temp. of lg of water 1°C Calorie
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GLOSSARY

-

Biomass : Hydropower
Calorie 4 Load, base
Chemical energy 'Load, pesk
Coﬁventional hydroelectric plant ‘Kinetic energy ‘ _
Demand Nuclear energy o , - l
: -Eleétricity ' , Pesking plant
Electron : A . Power o ;
,Energy' . o Pumped storage plant .
. Energy potential ' _ Reserve generating capacity
Fossil fueis : o ' Solar energy
Generation Spinning reserve . -
Generator System reserve capacity

Geothermal energy Thermal plant

I'ransmission gradient

ENERGY MEASUREMENTS | » | !
Barrell
British Thermal Unit (BTU)
Watt
Kilowatt
Kilowatt hour
Megawatt

Therm ) ‘ '
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' GLOSSARY

1

Ratlo of. the number of homes us1ng a spec1f1c appliance to the total
number of homes.

AVERAGE'MEGAWATT"‘

A unit of average energy output over a spec1f1ed time period (total
energy in megawatt-hours divided by the number of hours in the time
perlod)

BASE LOAD

See Load, Base.

CBIOMASS *© e

Water drawn from boiler syétems and cold water basins of cooling towers
to prevent buildup of solids concentrations. Usually contains chemicals
used for pH adjustment and slime control.

BRITISH THERMAL UNIT (BTU)

The standard unlt ‘for measurement of the amount of heat energy, such as
the heat content of fuel. Equal to the amount of heat energy necessary
to raise the temperature of one pound of water one degree Fahrenheit.

CALORIE

The amount of heat needed to raise the temperature'of 1 gram of water
1 degree Centigrade. About as much heat as is given off by burning
. one wooden kitchen match. -

CAPABILITY

The maximum load which a generstor, turbine, power plant, transmission
circuit, or power system can supply under specified conditions for a
given time interval without exceeding approved limits of temperature
and stress.,

Maximum Plant Capability (Hydro)

The maximum load which a hydroelectric plant can supply under op-
timum head and flow conditions without exceeding approved limits
of temperature and stress. This may be less than the overload

h_rating-of the generators due to encroachment of tailwater on
head at high discharges.
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Peaking Capability

The maximum pesk load that can be supplied by a genersting unit,
station, or system in a stated time period. For a hydro project
the peaking capability would be equal to the maximum plant capa-
bility only under favorable pool and flow conditions, often the
peaking capability may be less due to reservoir drawdown or tail-
‘water encroachment. : ~

The maximum plant capablllty of a hydroelectric pIAnt.when all con-
templated generating units have been installed.

CAPACITY

The load for which a generator, transmission circuit, power plant,

or system is rated. Capacity is also used synonymously with capability.

Dependable Capacity

The load-carrying ability of a station or system under adverse
conditions for the time interval and period spec1f1ed when related
to the characteristics.

CAPACITY FACTOR

The ratio of the average load on the generating plant for the period of
time considered to the capacity rating of the plant ~ Unless otherwise
identified, capacity factor is computed on an annual basis. In this
Appendix, the capacity factor of a hydro plant is based on maximum plant
capability and assumed load equal to the average annual energy.

CHEMLCAL ENERGY

Energy stored in molecules, as in fossil fuels.

CIRCULATING WATER_

See Condenser cooling water. In a closed—cycle‘cooling system, this
refers to the heated water from the condenser which is cooled, usually
by evaporative means, and recycled through the condenser. :

CONDENSER COOLING WATER

Water required to condense the steam after its discharge from a steam
turblne

CONVENTT ONAT, HYDROELECTRIC PLANT.

A hydroelectric power plant which utilizes streamflow only once as it
passes downstream, as opposed to a pumped-storage plant which recircu-
lates all or a portion of the streamflow in the production of power.
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COOLING WATER CONSUMPTION: -

The cooling water withdrawn from the source supplying a generating
plant which is lost to the atmosphere. Caused primarily by evaporative
cooling of the heated water coming from the condenser. The amount of
consumption (loss) is dependent on the type of cooling employed - direct
(once-through) cooling pond, or cooling tower. When not returned to
the source of supply, blowdown is also included as a consumptive loss.

COOLING WATER LOAD _ .
Waste heat energy d1s31pated by the cooling water.

"COOLING WATER REQUIREMENT

The amount of water needed to pass through the condens1ng unit in order
to condense the steam to water. This amount is dependent on the type
of coollng employed and water temperature.

Contractually, the system of hydroelectric projects located on the
Columbia River and major tributaries which are operated together on a
coordinated basis under the terms of the Pacific Northwest Coordination
Agreement. g :

CRUDE OIL

Petroleum in its natural state.

DEMAND

The rate at which electric energy is delivered to or by a system at a
given instant or averaged over any de51gnated perlod of tlme, expressed
in kilowatts or other sultable units.,

DRAWDOWN

The distance that the water surface of a reservoir is lowered from a
given elevation as the result of the withdrawal of water.  Drawdown
mgy refer to the maximum drawdown for power operation, from normal.
full pool to minimum power pool. Sometimes drawdown is also expressed
in terms of acre-feet of storage withdrawn.

ELECTRICITY

Energy derived from electrons in motion.

ELECTRO-PROCESS INDUSTRY -

An industry which required very large amounts of electricity in manu-
facturing for heat or chemical processes (as distinguished from wheel-
turning or mechanical appllcatlons) Examples are electric furnace
steel, aluminum, and chlorine. ' '

ELECTRON """"" _ ‘
‘An elementary partlcle with a negative charge which circles the nu-
cleus of an atom. ’
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ENERGY

That which does or is capable of doing work. It is measured in terms .
of the work it is capable of doing; electrlc energy ‘is commonly mesgsured
in kllowatt-hours or average megawatts,

‘ Average Annual Energy’

Average annual energy generated by a hydroelectric project or
system over a specified period. In the Pacific Northwest the )
average output of most projects is based on the historical flows
experienced during the period 1928-58, as modlfled by appropriate
irrigation depletlons

Firm Energy

Electric energy which is considered to have assured availability

to the customer to meet all or any sgreed upon portion of his

load requirements. Firm energy is based on certain specified
probability considerations, whlch, in the Pacific Northwest, are
related to the 1928-58 sequencé of historical streamflows adopted
for making system power regulations. System firm energy capability
includes hydro system primé energy, thermal plant energy capa-
bilities, and firm imports.

Kinetic Energy

Energy possessed by objecté in motion.

Potential Energy

knergy that is stored in malter becmuse ol its position or because -
of the arrangements of Its parts. Examples include the tension

of a spring, water stored behind a.dam, or chemical energy such as
that contained in fuel.

Prime Energy

Hydroelectric energy which is assumed to be available 100% of the
time: specifically, the average energy generated during the criti-
cal period.

Secondary Energy -

All hydroelectric energy other than prime energy: specifically,
the difference between average annusl energy and prime energy.

‘Usable Energy

A1l hydroelectric energy which can be used in meeting system firm
and  secondary loads. In the early years of this study, it is pos-
sible that there may not be g market for all of the secondary en-
ergy which could be generated in years of abundant water supply

- and some of the water may have to be diverted over projeot spill-

- ways and the: energy wasted,
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ENERGY CONTENT CURVE o

A seasonal. guide to the use of reservoir storage for at-site and down-
stream power generation.. It is based on the following constraints:
(1) During drawdown sufficient storage shall remain in the reservoir.
to. insure meeting its share of the system. firm energy requlrements in
the event of critical period water conditions, (2) Draft of storage for
secondary energy production is permitted only to the extent that it
will not jeopardize reservoir refill by the end of the coming July
Drafting below the assured refill level is permitted only if requlred
to meet firm energy loads or if such draft is secured by a commitment
to return energy equivalent to the drafted water 1f refill is not
otherwise accomplished. ' '

‘ FOSSIL FUELS """""""

Coal, oil, natural gas, and other fuels originating from fos5111zed
geologic dep051ts and depending on oxidation for release of energy.

‘GENERATION

The act or process of producing electric energy from other forms of
energy; also the smount of electric energy so produced.

GENERATOR

A machine for changing mechanical energy into eléctrical energy.

GEOTHERMAL. ENERGY

Heat energy within the earth's outer crust.

GIGAWATT

One million kilowatts.

HEAD

Gross Head

The difference of elevations between water surfaces of the forebay
" and tailrace under specified conditions. 'In this Appendlx, gross
head generally refers to the difference between normal full pool

and sversasge tailwater.

Net Head (Effective Head)

The gross head less all hydraullc losses except those chargeable
to the turbine.

" HEAT RATE

A measure of generating station thermal efficiency, generally expressed
as BTU per (net) kilowatt-hour. It is computed by dividing the total
BTU content of the fuel burned (or of heat released from a nuclear-
reactor) by the resulting net kilowatt-hours generated.
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HYDRAULIC CAPACITY

See Capacity, Hydraulic.

HYDROPOWER -

Energy in stored or moving water.

INDEPENDENT RESOURCES . (HYDROELECTRIC)

The hydroelectric projects of the reglon Wthh are not included in the
Coordinated Columbia Rlver Systeu.

'IMPORTS

Power imported from outside the Columbia-North Pacific Region System.

' INTERTIE ~ -

See Transmission Interconnection.

KINETIC ENERGY

‘LOAD

Energy bossessed by objects in motion.

LOAD

The amount of power delivered to a given point.

Base Load

The minimum load in a stated period of time.

Firm Load

That part of the system load which must be met with firm power.

Peak Load

Literally, the maximum load in a stated period of time. Sometimes
the term is used in a general sense to describe that portion of
the load above the base load. '

DIVERSITY

TQAD

Literally refers to the difference between (1) the sum of the separate

peak loads of two or more load areas and (2) the actual coincident peak

load of the combined areas. As used‘in this Appendix, the term applies
to the load diversity between two load areas which occurs when their
annual peak loads occur in different seasons of the year.

FACTOR . : . ' T

The ratio of the average load over a designated period to the peak load
occurring in that period. 1In this Appendix the term applies to ‘annual
load factor unless otherw1se specified. :
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LOAD  SHAPE - (LOAD PATTERN) - . -
The characteristic variation ih‘the'maghitudeabf fhe'ﬁowéf”load with
respect.to. time.” This can be.for a dally, weekly, or annual perlod

'LOSSES jELECTRIC SYS'I'EM’) """ o . A .
“Total electrlc energy ‘loss'in the’ electrlc system. It consists of trans-

mission, transformation, and distribution losses and unaccounted-for
energy losses between sources. of supply and points of delivery.

A machine that converts chemlcal or electrlcal energy into mechanlcal
energy.

'NORMAL'FULL POOL"'[ """"""""

“The maximum forebay Water surface elevatlon w1th1n the reservoir's
normal operatlng range.‘ :

" NUCLEAR ENERGY‘ """"

‘Energy within the nucleus of the atom. It'caﬁ"be réleased'by nuclear
fission or nuclear fusion. : D P '

" PEAK LOAD
See Load, Peak.

PEAKTING

Power plant operatlon to meet the variable portion of the daily load.
See Load, Peak :

'PEAKING PLANT

-\ power plant whlch is normally operated to prdvlde all or most of its
‘generation during meximum load periods.

PENSTOCK

A conduit to éarry water to the turbines of & hydroelectric plant
(usually refers only to conduits which are under pressure).

" PLANT FACTOR

Same‘as.Capacify'Factor.

PONDAGE

.Reservoir power storage - capac1ty of. llmlted magnltude that prov1des only
dally or weekly regulatlon of streamflow.

POWER"“‘{ R

The time rate of transferring energy, Note -- The ‘term is frequently
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used in a broad sense, as a. commodlty of capac1ty and energy, heving
pnly general assoc1at10n with.classic or .scientific meanlng.

POWER SUPPLY AREA R

\

Geographic grouping of. electrlc pover’ supplles as established’ by the
Federal Power Commission in .accordance with. utlllty service areas.

PUMPED STORAGE PLANT ~ =~

A hydroelectrie power plant Whlch generates electrlc energy for peak

load use by utilizing water pumped into a storage reservoir during
off—peak periods.

' REREGULATING' RESERVOIR ------------

A reservoir located downstream from a hydroelectrlc peaking plant
having sufficient pondage to store the widely fluctuating discharges

from the’ peaklng plant and release them in a relatlvely uniform manner
downstream

‘RESERVES ‘

Reserve Generating Capacity

See Capacity, Reserve,

‘Spinning Reserve

Generating capacity connected to the bus and ready to take load

It also includes capacity available in generating unlts which
are operating at less than their capsbility.

Systeém Reserve Capacity

The d}fference between the ‘available dependable capacity of the

system, including net fiym power purchases, and the gctual or
anticipated peak load for a specified period

RULE _CURVE

A seasonal guide to 'the use of reservoir storage.

RUN-OF-CANAL PLANT _

A hydroelectric plant 31mllar to a run-of-river plant but  located on
an irrigation canal or waterway instead of a stream.

" "RUN-OF-RIVER PLANT" o

A hydroelectrlc plant whlch depends chlefly on the flow of a stream as
it occurs for generation, as opposed to a storage project, which has

" sufficient storage capacity to carry water from one season to another.
Some run-of-river projects have a limited storage capacity.(pondage)
which permits them to regulate streamflow on a daily or weekly basis
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STORAGE PROJECT

A project with a reserv01r of suff1c1ent s1ze to carry over. from the
high~flow season to.the low-flow season and thus to.develop a firm flow
substantially more than .the minimum natural flow. A storage project
mey have its own power. plant. or may be used only for 1ncrea31ng gen-
eratlon at downstream plants.‘ . : .

:'TAILWATER ......... R T "

The. water surface 1mmed1ately downstream from a dam or hydroelectrlc
powerplant

A power’ generatlng plant vhich' uses heat to produce energy SuchEplents
may burn. f03311 fuels or use nuclear energy - -to produce the necessary
thermal energy : »

' ‘TRANSMISSION GRID SRR o

An interconnected system of electric transmission lines and associated
equipment for the movement or transfer of electric energy in bulk be~
tween points of supply and points of demand. '

"TRANSMISSION INTERCONNECTION ( INTERTIE)

Transmission circuit used to tie or interconnect two load areas or two
utlllty systemq : :

ULTIMATE DEVELOPMENT

The maximum contemplated generating installation at a pover plant.

Extracted from "Electrical Power! Appendix VX, Columbla—North Pacifiec
Region Comprehensive Framework Study, October, 1977. Bonneville Power
Administration .
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Extension’Aétivity #1

Directions: Listed'bélpw'aréfSéveral words from:thelgnergy unit;' They can be
grouped under. 3 broad categoriés; Loék'fpr'rélationShips among the words and
identify the three'Categqfies;‘listing the appropriate words uﬁdér'éabh '
category. . h |

coal, o¢eans, sun, petroleum, breeder, tides, natural gas, uranium, fission,

. geothermal, fusion, shaleril, reactor, sun, radiation, wind, waste material’

Nuclear Fossil Fuels '”Frée,Fgglsl
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Extensiof Activity:#2. ¢t

Directions: In each row of words below, two: words’ are the samé. ‘Find the
word which is used twice aﬂd“writé it in:the ‘space:provided.

yoemt [

1. . ' generation generating gene%al““generafioh' generic’
2. ' demand remand demeaﬁ demeanor demand
3. ‘ electricity electrify electrical electrolysis elgcfficity
k. 'tempéralA fhérmal -the?m thgrﬁoﬁeter ‘thermal
5. geology geqthefmél generﬁl” geography ‘geothermai
6. | boule joule géulé 1Je§el 'Joulé
T. | | vhat watt wat watt 'wait
8. turbine turbine tufbi;' £ouring turkey
- 9. 'nﬁclear. nucleus nuke nuclear nuclei |
lef - fool 4feul feei fuel fuel
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Extension Acfiviﬁy #3

DireEtioﬁgi To solve thls puzzle look at the deflnltlons below. Think‘of

a word whlch fits the deflnltion has the- saile number of letter as the num-

ber of spaces prov1ded in the correspondlng line, and has the given letter

in the same position as indicdted: Write the word on the line.

1. __.;L___;‘.ﬁ e

2. Noe

3. s B

5. G

Definitions:

1. Stute of belng free ‘Trom Sutside control.

2. Refers to being withln the nucleus of an atom.

3. Rate at whlch electric energy is delivered to or by a system at a
given instant or averaged over any designated periocd-of time,
expressed in kllowatts or other suitable units.

4., Radiated dlrectly from the sun.

5. The act or process of produc1ng electrlc energy from other forms
of energy.

6. The amount of ernergy available for use.
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Extension Activity #k 4
Directions: In each of the sets below,;3_offthé'wordstare related. Ciiclgi*~

the word that is uhrelatedﬁ in the 1inévat the top of the set;‘write the = .

PO i
bt

word or phrase that explains the relationship existingxamong‘the'reméig;ngﬂ_

3vwords;

SOLAR -

. 1. PETROLEUM
COAL WIND
WATER NUCLEAR
~ NATURAL GAS TURBINE
2. KILOWATT HOUR - 5. HYDROELECTRIC
THERM - THERMAL' '
BTU . CONVECTIONAL -
ELECTRON NUCLEAR
3. PEAK 6. KINETIC
: AVERAGE NUCLEAR
BASE POWER
WATT POTENTIAL
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Exténsion Adtivity #5 .

Directions: Each of the scraiibled words below is- followed by a definition .

that states thé meaning Of thé word when put in its corredt spelling. Read

each of the definitidhs and then hhééramblé‘the.wdrd to mean a wdrd corres-

ponding to the given définitich. Write thé new word in the blank given.

l.

10.

. DERCU 0il unité fiatural stabs

RYGENE Thé capacity to do work

ARELNUC - Having to do with éhergy in an atom's nucleus

MADEDN Rate at which enérgy is delivered

OLSIFS Fuels dérived f#om refmains of organic materials

TLAROGEMH Eneriy within the éarth's crust

LAOSR Energy radisted ditectly firom the sun

WROPE Rate at wiich energy is used

TICKENI Energy possesséd by objects in motion

EROALCI Heat neédeéd to raise témp. of 1lg of water 1°C
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FASTER THAN A SPEEDING BULLET

~ Does the Speed of Any Device Which Uses Lnergy
Affect the Amount of Energy Used?

Objectives
Students should be able to:

‘a) Experlmentally develop & relatlonshlp between speed of a D C
motor. (rpm) and number of watts of power required.

b) Graph data and analyze same.

e) Think in terms of energy consumed per performance unlt watts
per rpm. v o

d) On the basis of this experiment and.analysis develop-a parallel
to the automobile as an energy consuming device. :

e) Evaluate the relationship between gasoline: consumptlon and
speed, mpg/mph. :

f) Identify the major factors.affecting gasoline consumption. at
different speeds.
Overview
o In this lesson students will, in.the_lsboratory, examine energy
consumption as a function of perrormance. Three activities are slated for
this lesson. | 4 4 ) ‘

- Activity I "Hands on" is an ectivity'to-determine the relationship
between energy consumed and speed. Two to_three students per group for this
activity. , ' ' '

© Activity II involves}the same groups'of students who are given a
data table showing the gas miieage of several cars drlven at various spéeds.

-Students are to relate data to the experlment done in Act1v1ty I.

Act1v1ty ITIT is a teacher initiated dlscuss1on. the relationships
and curve-data analysis of Activity T and Act1v1ty II may ‘not be quite the
same. The discrepancy between both activities. and their results could
utilized as a further discussion of “the ‘factors affectlng energy consumptlon

at various speeds of the automoblle.

Materlals

Student Act1v1ty Sheets
.DC power supply

- Small electfic. motor
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Rheostat wire
DC admetér (0-5 amp) -
DC Voltheter (0-1:5)
Stroboscope light
Graph paper (i
Activity II
Ditto shieets bf &budeht quéstions and datd of test cars indicating
their consifiption of ghgolifié at partisular speeds.
Activity III
If possible; éﬁiiiéﬁiiiﬁf of power nedhanics indtructor 6r mechanic to
exhibit varlous tést instEumsnts which are usad to check automobile

performance.
Duration _

3 class péti&éﬁ
Strategy

Activity I. Havé students set up their own circuits and apparatus.
Supply all matéri&l$ from ceéntral locaticn: A one-inch piece of string taped
to the shaft of thé #iotor (DE) will suffice as a visual blade to be used in
determining the spééd (¥pm) of the niotor Wwhen using the stroboscope.
RHEIrRT

;"fff;' — "‘f;c € (DQ}
/ éiml!!!\!l\l ﬁﬂ ‘ ’t R

' F‘Q VOLTMETER

I suppy )
(o) .
AR

© BATERY
T g-1av.0e
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Some prellmlnary dlscu351on is necessary in the use- of the strobe
iight; Instruct students that when a sen31ble—stat10nary plcture of the. .ro-
tating string is achieved, the flash—rate of the strobe light as read from
the dial on the strobe is equal to the rotation rate of the motor. The
reading on the dial of the .strobe light varies with the make eflthe instru-
ment. (This unit can be bo?roved from your physics instructora5:

- Activity I - Technique. After students have.connected their ap-.
- paratus properly, instruct them to vary the speed of the motor by varying the
current to the motor using the rheostat. Current sﬁould be incfeased in .5
ampere steps, recording from the strobe light the rpm of the motor. Six or
eight readings is sufficient for data analysis. A student data chart and

graph should resemble the following:

Power Performance . 4 1 . . 4
Watts . RPM 1 /
5 | 30 = 1 "
. +
10 56 ] Z
'z -+
15 - 88 ~ r
. 5
20 124 ¢ T /
(o]
25 150 i |
30 175 R -
R N AN N NN N LA S D
T 1 1 T — 1 1 T

Performance (Speed)
Power in Watts is detefmined byﬂmultiplying the voltage as read from volt-
meter times the current (amps) as read from the ammeter for each speed.
Volts x Amps
1l volt x 1 amp

Power
1 watt

Activity II. Students are given a data table showing the gas
mileage of several cars driven at selected'Speeds * Students should graph this
.data. to see relationships between speed and fuel consumptlon After graphs

are completed students answer questions asking them to analyze the data and
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graphs and consider possible causes for the'energj‘savith'at lower highway

speeds.

Questions:

- 1.

2.

From your graph, determine the mpg performance at 70 mph.
How much fuel is saved by a driver traveling at SO'mph‘as‘compared to a
driver treveLing at 70 mph? Total distance travelled by both is 10,000

miles. Bgspgpse below.

At T0 mph, 14.93 miles / gal:
# of gallons per mile = 1 gal / 14.93 miles = .051 gal / mile

Total # of gallons consumed in 10,000 miles at 70 mph:
10,000 miles / 1 (,051 gal / 1 mile) = 510 gallons

At 50 mph, 19.149 miles / gal: ’
_# of gallons per mile = 1 gal / 19.49 miles = .067 gal / mile
Total # of gallons consumed in 10,000 miles at 50 mph:
10,000 miles / 1 (.067 gal / 1 mile) = 670 gallons

Amount sayved: 670 gallons - 510 gellons = 160 gallons

. What are the causes of the increase in gasoline consumption as speed

increases?

The two most important causes in gasoline consumption at higher speeds

is rolling resistance and gir drag.

Rolling Resistance - Resistance offered by all moving-parts such as
wheel bearings, drive train (transmission and
differential). Rolling resistence also is de-
termined by weight of the car.

Air Drag - Resistance due to air which englne must overcome. '—De;
pends on the shape of the car and its speed. Although
most models are somewhat;streemlined, much drag is a re-
sult of a poorly prote¢ted "underbelly" of the car.

What mlght be some other causes of mpg reductlon at. hlgher speeds?
This question might be answered 1n Act1v1ty III . However, let students
try to respond to this questlon by asklng them to thlnk about dev1ces in

the engine whlch may cause mpg reductlon at hlgh speed
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Example: Engines have shown to lose ﬁspaik"_at high speed due to
conventional "points"‘in'igniﬁion‘systems.'4Electronic ignitions are
better. Are fuel injection's&stems better than carburator for fuel
economy? o ,
If you had the authority— would it be reasonable to, by law, set the_
speed limit at 40 mph? o

The answer to this question is no. There is little savings in
driving below 50 mph. A drastic chénge in the presenf driving habits

would result in a negative reaction by the driving public.

Data
Effect of Speed on Fuel Consumption Rates |
T Automobiles ‘
Test Car Number S o L . ;
and Net Weight Miles Per Gallon At Selected Speeds ‘ "
(lbs.) ~ .- 30 o a 50 .. 60 70 -
1 (4;880) . "17.12 - 17.20 16.11 - 14.92 - 13.13
2 (3,500) 19.30 - . 18.89 . 17.29 =~ ©15.67"° 13.32
2A (3,500) "21.33 . 21.33 18.94 ©17.40 15.36
3 (3,540) 23.67 - - 24.59 20.46 14.83 13.42
4 (3,975) ~18.25 . -20.00. . 16.32 : ‘15.77 13.61
5 (2,450) ° 31.45 35.19 33.05 ©30.78 22.82
6 (3,820) 22.88 19.41 20.28 17.78 14.88
7. (3,990) 15.61 . 14.89 16.98 . . .13.67 11.08
8l (2,050) (24.79) (27.22) (26.80) . (24.11) N.A.
9 (2,290) 21.55 . 20.07 ©o1%.11 - - 17.83 - l16.72
10 (2,400) 22.72 T 21.94 22,22 - 21.08 | 17.21
11 (5,250) - 18.33 19.28 15.62 14.22 12.74
12 (4,530) - 20.33 20.00‘ -17.50 cooo 16017 14.86
Average B - , o T I ; . :
(Unweighted) - 21.05 21.07 .- . 19.49 17.51 14.93
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Activity III - Téacher Discussion. Compare and discuss energy con--
sumption versus performance curvés done in Act1v1ty I and Act1v1ty II. In
Activity I it appears that the rate dat which energy effects the speed of thq
motor is constant, WhHereas in Activ1ty II the decrease inmpg as a function
of speed is drastic: Poifit 6ut to the students that in the gsimple motor ex-
periment all the facto#s which miqht hinder performance remained fairly con-
stant. With the automoblle, it is apparent that the faster you go, many fac-
tors are brought to play which amplify the deterioration of performance.

" Questions might be raiséd suéh as:
Does the fuél-air ﬁixture iR the carburator change at high speeds?
How much of a températire inéréase of the .engine at high speeds?

Do engines operate moré eff1c1ently at lower or higher temperatures?
Might theré be pre
What happens to igniﬁlon spark at spark plugs at hlgh épeeds?

3. 5 e D i

Invite the powér mechanics instructor or an outside mechanic to ex-

plain some behdviors of thé autd ehgine.
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Student Activity Sheet I

Name

" Date'

Objective: To Study the way speed varies with power.

Materials: small DC motor‘(l 5V), connecting wire, .DC supply (0-1.5V),
DC voltmeter, (0 5 amp) DC ammeter rheostat, strobe llght
graph- paper.

Procedure: Connect apparatus as indicated in the diagram.

e SUPPU | Ruts AT

@ L e AHMQ‘TER
_ T

-Set the rheostat at full resistance position. Adjust the power. supply so )
that voltage across the battery is 1.5 volts Record the'number of amperes
flowing through the circuit. If the motor is turning, determine the rpm
using the strobe light.

Your teacher will explain how to find the rpm from the strobe

light. Record the voltage and amperes in the. data table.i Record the ‘rpm of
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the motor in the data table. Adjust rheostat so that current increases in

Volts Atps

| Volts x Amps

Power (Watts) RPM

.5 amp steps. Rebbﬁé volts; é.ﬁlps, and rpm for'ever'y .5 amp incréase. Do

this procedufé for‘ﬁi leabt six different speeds. Multiply volts x amps to

tell how much power Was suppliéd at edch speed. Plot the points on graph

paper supplied to yoiu.

Questions;

1. How does speed of motor behave whent energy is increased?

2. Compare your giagh ﬁiﬁh other groups of students doing this experiment.

Ate there any diffeiences?

3. What factors might bé involved if your graph has a different slope* than

Someone else?

¥Slope
of
Line

' L

1
-t

|

Student 1

Student 2
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Student Activity Sheet II

Name

Date - ‘
The. data table which you have been given Is the miles per gallon

(mpg) at various speeds for different weiéhted'automobiles The éverage
miles per gallon at these speeds is given in the bottom horlzontal row, On
the Vertlcal axis of the graph paper plot the mpg. Remember that the range
of values for mpg is 1k to 22. Make the origin 1k; and‘diVide your graph
paper vertically so that the uppermost value is 22. Letxfhe horizontal axis
denote speed in mph (miles per hour). Plot the five values of hpg versus |

mph.

Data

Effect of Speed on Fuel. Consumptlon Rates

Automobiles
Test Car Number _ . : o
and Net Weight Miles Per Gallon At Selected Speeds
(1bs.) 30 10 50 60 70

1 (4,880) 17.12 17.20 16.11 14.92 13.13
2 (3,500) 19.30 18.89 17.29 15.67 13.32
2A (3,500) 21.33 . 21.33 . 18.94 . 17.40 15.36
3 (3,540) 23.67 24,59 20.46 ' 14.83 2 13.42
4 (3,975) - 18.25 ‘ 20.00 16.32 . 15.77 13.61
5 (2,450) 31.45 35.19 33.05 30.78 . 22.82
6 (3,820) 22.88 19.41 20.28 17.78 14.88
7. (3,990) 15.61 ' 14.89 16.98 13.67 11.08
gl (2,050) (24.79) (27.22) (26.80) (24.11) N.A.
9 (2,290) 21.55 20.07 . 19.11 17.83 16.72
10 (2,400) 22,72 21.94 22,22 21.08 17.21
11 (5,250) . 18.33 19.28 15.62 . 14.22 - 12,74
12 (4,530) 20.33 _ 20.00 17.50 16.17 14.86
Average '

(Unweighted) 2 21.05 - 21.07 - 19.49 17.51 14.93

Using the average values of mpg at selected speeds make a graph of mpg versus

mph. Choose the "X" axis as mph
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Questions:

1. From your graph, détermine the mpg perfofmande at 65 mph.
2. How much fuel is saved by a driver traveling ét 50 mph as comparéd to a

driver traveling at TO mph? Total distance travelled by both is
10,000 miles. '

3. What are the major causes of the increase in gasollne consumption at

" higher speeds?

I Can you thlnk of other causes which might be attrlbuted to the englne

or automoblle itself?

5. If you had the authorlty, would 1t be reasonable by law to set the
speed limit at hO mph?
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BETTER InfraRED THAN DEAD

Identification of Infiltration Heat Losses and Their Control

Objectives
' The student should be able to:

a) Recognize that heat loss through cracks, caulking, breaks,
foundation, window and door openings are significant and must
be dealt with if fuel and money are to be saved in house
heating.

b) Make informed judgments concernlng whether and where' to insulate
the home. ~

c) Recognize that entrance and exits from the house produce con-
siderable infiltration heat loss and plan to reduce door use
approprlately

Overview _ ' ‘ ‘

Each cubic foot of eold air thét enters the house requires .2 BTU
to raise its témperature 1°F. A typical house has an aif exchange equal to
th_e full volume of the ﬁouse every 1.5 haurs. The recommgnded air exchange
for good house ventilation is 1 volume/iO hours. Most of the excessive air
exchange is due to infiltration of air through open doors,‘open windows,
open fireplace dampers, electrical outlet air leaks on out51de walls, poor
fitting windows and doors, foundation to structure leaks, caulklng
deficienciés and the like and can be controlled. Heat loss due to infil-
-tration represents 55.2% of the heating budget and must be examined care-

-fully if a significant reduction in fuel consumptién is to be achieved.

Materlals
Roll of infra-red film ($3. 50/20 exposures roll, color)

35mm camera

Strategx

Define infiltiation, demonstrate the use of the 35mm camera. Take
a picture of the exterior of the home from each view. Take an additional
picture with a door and wiﬁdoonpen. Process the film and réview the pictureé
in dfdgr to identify heat loss areas. 'Mbdify the house as the pictures indi-
‘cate, retake pictures and compare them. If money and time'are dvailable,v

students can take their own picture in their homes.
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Notes to the Teacher

Be sure to do the photography on a day when the house is warmer'
than the outside air. (The greater the temperafure difference, the easier
it will be to identify‘problem areas.) On color film green 1nd1cates heat
ioss areas. Film cost is $3.50 for 20 exposures The’ prooessing of black )

and white prlnts is $3.00 and color slides are $3 50.

Extension Act1v1t1es

1._ Examination of the school heat loss or the 1nd1v1dual classroom loss
should be cons1dered

2. Examination of various 1nsulat1ng meterials and thelr role on specific.

jobs can be explored.
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1.

Student Activity Sheet )

[
LTI S

. Date

What is infiltration? BTU?

How much does it oost per ‘month for t.he lost heat due to infiltration
of oold air? . . :

What does the photographlc set tell about the use .of a door in the _
winter?

How can infiltration be reduced?
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PEOPLE IN GLASS HOUSES SHOULDN'T .

Radiation Heat Loss Through Windows

Objectives
The student should be able to:

a) State the need to0 reduce radiation heat loss from the home.

b) Recognize the insulating qualities of various common window
insulators such as drapes, shades, etc.

e) Evaluate the radlatlon loss existing at home and attempt to
reduce this loss.

Overview

possible. The mo@el E;gqgeee a ;egllst;c opportunity to study fullvheat
loss that occurs through glazing. The glazed surface can be varied and
data collected to determine the ﬁgximum desirable window area and the con-
figuration of these windews, The effect of additional insulation in the -
window area can also be explored, Since almost .5% of the home heat is lost
through glass, an obvious incentlve exists to consider the mess ages of the

lesson.

Materials _

Styrofoam sheet 1" thick cut to the dimension of the opening at the freezer
compartment on the standard 2 door refrigerator-freezer.

Thermometer

3 glass panes cut to model window size

Cloth and other insulating material to shield the room from radiation loss.

Graph paper model of a typical room to the scale of the wall '

Freezer compartment (Home Economics or cafeteria)

Strategy
Determine the area of the styrofoam block. Cut a hole in this

block equal to the area of window space in a typical wall as described below.

Styrofoam block (sq. ft.) = Opening to be cut in block (X)
Wall - (sq."ft,) Window area in wall (sq..ft.)

Insert this block into the opening of the freezer compartment. Secure the
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glass in front of the opening in the styrofoam with tape. ObServe the temp-
erature changes at various locations in the model.room floor plan placed -
| to the styrofoam at its base. -

Wall area (sq. ft.) = Styrofoam area (sq. ft.)
Floor area (sq. ft.) Graph paper size (X)

Vary the activity by adding storm sash, drapes, etc. to the-model and agéin

determiné the changes in temperature.

Notes to the Teacher

Secure the styrofoam to eliminate all sair exchénges except‘thaf
being studied. This activity should be done on a day with low relative
‘humidity to reduce condensation on the glass. Remember to_allov the thermo-

meter to stabilize before recording the temperature.

Sémple Responses

'Room Temperature

25 4+ - T T
. */ .
20 + -
- 4
Temperature 15 -4 -
o .
¢ 10 +
5 1
B TR U TR S U N R N

1 LA | T 1 T T T 1 ] )

2 4 6 81012 1k 16 18 20

Distance From Window’in cm

Freezer temp. (4°F) = -14.4°¢ .
Room temp. (79°F) = +26.1°C x

Third dish towel
Thick dish towel

Mlow 10 minutes to stabilize the system. Time elapsed for measurements

and start time 45 minutes.

Extension Activites

1. Graph the relationship between distance from the window and temperature
(or temperature change from the normal).
a) What is the cause of the variation in the temperature readings?

b) What would you expect to happen if a wind was aSéoéiated with the low
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outside temperature?

c) Were air leaks observed where the styrofoam made confact with the
freezer?

d) Suggest a relationship between ﬁindows,(wall, air leaks, and heating
costs. 1Is there a method by which these losses can be reduced?

Graph the relationship between distance from the window and temperature

(or temperature change from normal) when the windqwnis insulated wiﬁh

additional glass. - o

a) How are graphs 1 and 2 different?

b) Repeat the second graph activity using additional and va?ied.insu—

lating materials and conipa_.re the curves.

What is radiation heat loss?

Does radiation loss occur through the window?

~ Can you distinguish between losses due to conduction, convection and

radiation in this experiment?
Which of the methods of heat transfer is the most significant in this

activity and how do you control it?
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INTRODUCTION

Recent state and regional energy crises demonstrate the
delicate balance between the energy system, the environment, and the
economy. Indeed, interaction among these three eleﬁents in our’
society is very complex. However, any permanent change in the directions
of our energy demand and supply for the future involves the formetion
of a new "energy ethic". To do so requires a broad base of information
and understanding of the energy system, and this needs to be developed,
particularly among those still ih‘school; You, the teacher, play a most
important role in providing that base of information which will become
part of the new generation's thinking about the energy system. 'These
materials are intended_to enhance:your ability to provide energy—relatéd
education to students within your own academic setting aqd'to provide
students with a better undersfanding and awareness of fundamental princi-
ples of energy supply, conversion processes and utilization now and in
the future. | _ N V

Since it is not possible to cover all aSpects:of energy systems,
the curriculumAmaterials designed in this project were limited to a number
of areas considered important from two points ofvviewztenérgy developments
which are now occurring but whose implicaﬁions are hot'yet clearly recognized
and/or that broad area of potential new developments which have important
implicﬁtions for the future; The specific areas of curriéﬁlum materaials

are the following -

CONSERVATION. We are coming to realize, albeit sloﬁly,>that the supply of

- raw materials'from which energy is produced is finite and decreasing rapidly.
Not oniy is supply decreasing, but demand. continues to grow. The most
optimistic forecasts show<thaﬁ the world resources of petroleum and natural
gas, the two main~sources of energy today, will be gone within the next
fifty years. Consequently, we need to explore ways to conserve .energy by
using fewer energy-intensive devices, reducing our life style tb'pne less

dependent on energy, and possibilities for substituting new technologies.
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DEMAND SCHEDULING. Electricity, since its first infroduction, has pfo—

vided a cheap, clean, efficient source of enérgy.' We have also come to
“expect that any required demand for electricity on our part as individual
consumers, will be met. We turn on the switch and expect the lights to

come on. Large investments in the electricity genérating plant are

required to satisfy increasing demand, particularly during "peak" periods.
Conséquently, the overall cost of electricity geﬁeration becomes quite
expensive - a result we have seen in recent years. The issue is particu-
larly iﬁportant since utility companies'are now testing, and will soon offer

-to the consumer, electric metering for homes Qn a deméndfscheduled basis.

ENERGY IN THE FOOD SYSTEM. Our agricultural systém has become increasingly

dependent upon the use of energy-intensive fertilizers for large crop
production.  In addition, energy requirements for focd processing continue
to grow. - It is estimated that about one haif of U.S. freight transportation
is involved in the movement of foods of one kind or another. :With the"
decline ip the supply pf fuels, we must ask whether our current national
pattern of energy consumption in the food industries, particularly the
trend toward increasing use of energy in food processing and packaging,‘

are desirable trends for the future.

NEW TECHNOLOGIES (Solar, Wind, Biomass). It can be argued that the problem

in our energy system today is not that we use too much energy, but rather
that we use the wrong kinds of energy. 0il and natﬁral‘gas form'important
components for synthetic matgrials, chemicals, and the like. -Wherever
possible, they should be conserved for such long-term uses. Ccnsequently,
we should shift from a fossil fuel resource base to a renewable enérgy

resource base, particularly the use of solar, wind, and biomass sources.

ENVIRONMENT. The direct use of energy involves'varioﬁs:pollutaht emissions.
In addition, indirect use of energy in the creation of  industrial goods

has secondary envirommental impacts in a number of areas. Of recent concern -
are long term trends in accumulation of carbon dioxide and other gases and
particulate matter in the atmosphere. These seem to produce unfavorable
atmospheric conditions involving "the greenhouse effect"; thermal ihversiqns,

and the like.
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The modules prepared in each of these areas consist of an
introductory background statement and a series of one-day 1esson plans,.
along with suggested bibliography and references to other materials.

The background statements are intended to introduce the toplc to you,

the teacher, and should reduce your need for reading a number of original
papers and other citations to the literature. However, the_background'
statements are sufficiently short that they can not make you an energy
expert, and we would hope that you pursue additional reading on your own.
Single day lesson blans were designed for easy use within existing
courses as well as in the construction of new courses. 'As_a result, it
is hoped these curriculum materials will be useful in a variety‘of courses.

A special note to you, the user of these curriculum materials,
is in order. The'materiels are made aveilable in draft copy because of
widespread interest in energy issues. Where you encounteferough spots,
loss of proper citatiohs to the literature or other problems, bear with
-us. A brief evaluation form is 1ncluded in this document. We encourage
you to glve us your reactions and any 1mprovements ve mlght add to make

these materials more useful to you and to other teachers, The names and
school affiliation of the project participants are noted in the material
so you can feel free to contacﬁ the individual teachers on specific '
"questions. Finally, these documents refleet a concentrated effort over
three weeks by the teachers associated with'the curricuium development
project, and their efforts to translate energy issues into hlgh school

course material for you.
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FOOD AND ENERGY

Introduction

ENERGY CRISIS! 10ng lines at gas stations, cold winter nights
with lowered thermostats, shorter factory and store hours, and great
numbers of unemployed people are all images these two worde evoke. But
do you associate a food shortage with‘an energy crisie?
About "15% of the energy utilized in our economy is used in
the'food system. Compared with the energy costs of other sectors of our
economy, 15% may not appear_high, but in gasoline equivaients this is
about 330 gallons(per capita per year, or a total of TO billion gallons
_ennually." ,(Pimentel, 1977). According to Pimentel (197T), roughly

25% of the world's energy resources is used in the food production system.
Moreover, "to feed the entire world with a U.S. type food system, almost
80% of the. world's annual energy expenditure would be required jJjust- for
the food system" (Steinhart and Steinhart, 197h).

4 Currently it requires about eight caiories of fossil fuel energy
to get one food calorie on our plate. We are eating fOSSll fuels (Fowler,,
1975). Fuel is used both directly and indirectly on the farm, in the food
processing industry, in the commercial retailing industry, and in the home
(see Table 1). The table shows that energy consumptlon hes increased in
all phases of the food system since 1940, but growth has been greatest on

the farm. There has been over a four-fold inerease on the farm mainly in
fuel use, electricity, fertilizer, and energy for farm machlnery Both
the food processing industry and cammercial/home use each about tripled
their energy use between 1940 and 1970.'

The Food Chain and Energy Efficiency

Food is energy. Energy from the sun enters living systems
through green plants which carry on.photosynthesis. Energy transfer to
other living things is accomplished by a series of'eating and being eaten
called the food chain.‘ Obviously solar energy input is necessary in this
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Table 1. Fnergy use in the United States food system All values
are multiplied by 10 12 calories.

Component 1940 1947 T 1950 1954 1958 1960 1964 1968 - 1970
. o On farm . o :
Fu:l (direct use) . 70.0 136.0 158.0 1728 . 1790 188.0 2119 . 220 2120
Electricity A : 0.7 32.0 329 40.0 410 46.1 500 513 GMR
 Fertiliaar o124 - 19.5 24.0 30.6 32.2 410 600 81.0 91.0
Agriculturzl steel 1.6 2.0 27 2.5 2.0 1.7 2.5 24 2.0
Farm machinery . .- 9.0 3.7 30.0 29.5 50.2 52.0 60.0 75.0 £0.0
Tractors [ 12.8- 25.0 ¢ 30.8 23.6 16.4 1.8 200 205 193
Ierigation R 18.0 22.8 25.0 29.6 35 133 34 38 <350
Subtotal ' 1245 . 2720 3034 . 3286 356.3 EPAR) 440.5 503.0 526.1
! Processing industry '

Food processing industiy 147.0 1715 192.0 2108 2126 224.0 249.0 295.0 J0R.0
Food processing machinery 0.7 5.7 - 5.0 4.9 4.9 50 6.0 6.0 60
Paper pachazing ’ 85 M8 11 7 200 260 28.0 3o 35.7 w20
Glass containers 14.0 25.7 26.0 21.0 30.2 IRt B R X)) 41.9 47.0
Steel cans and aluminum . 38.0 55.8 62.0 3.7 85.1 B6.O 91.0 122 122.0
TYreansport (fuel) 49.6 86.1 102.0 1223 140.2 153.3 184.0 226.6 2469

Trucks and trailors ‘
{manulacturc) ' 28.0 420 49.5 47.0 430 44.2 61.0 702 740
Subtoral 285.8 407.6 453.5 . 5064 5423 S1LS 656.0 781.6 8419

Commerciol and howe -

Commcrcial refrigeration )
and cooking, 121.0 1410 150.0 161.0 176.0 186.2 209.0 2410 263.0

Refrizeration miachinery . . : L :
(homeé and commercial) 10.0 24.0 250 215 . 294 320 400 560 - 610
Home refrigeration and . . .
couking 144.2 184.0 2023 228.0 257.0 276 6 345.0 1319 430.0
Subitotal ' 275.2 390 377.) 416.5 402 4 4948 594.0 7309 010
Grand total . 685.5 1028.6 11342 12515 1361.0 1.010.2 1690.5 20218 2000

Source: Steinhart and Steinhart

process, as in Figure 1. To solar energy, the farmer adds other signi—l
ficant enetgy inpﬁts: petroleum products to operéte{farm4machiﬁery and -
fertizer, which is almpst'pure enefgy. Just as in the trénsformétion '
of- other forms of energy, the "law of conservation of energy" applies.
When the energy inputs are compared with food energy outputs in the
United States, we find that grain crops such as freshly harvestédicorn
requlre approx1mate1y 1.2 calories of energy 1nput for each calorle of
food energy output

The food chaln transfers energy from one organlsm to another.
However, each transfer results in some lést energy. Each organ;sm involved
in & transfer uses energy to carry on its own life processes and loses

some energy in the form of heat. Because energy is lost at eaéh_link,
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the shorter the food chain, the greater the amount of energy ihat will

be available for harvesting. For example, a typical food cgain'is: corn -
cow=p» human being (Figure I). It tekes approximately ten times as much
energy to produce a unit of aminal protein as it does to produce a unit

of plant protein (Pimentel, 1977). That is, U.S. food production relies
‘particularly-op vast fossil energy inputs. These qusil inputs<are used
to produce large smounts of animal protein, lengthening the food chain.
The overall result is relatively energy~inefficient food production in
this country.

Let us take s closer look at our farm practices. Farming uses
more petroleum than any other single industry in the country. Energy is
used in mechenized agricultural production for machinery, transport,
irrigation, fertilizers, pesticides, and 6ther mansgement tools. Dﬁring
fhe last two decades the consumption of fossil ehergy supplies has been
increasing faster than population numbers. While the U S. populatlon
doubled during the past sixty years, its energy consumption now doubles
every twenty years (Pimentel, 197T). Also, the energy used in food pro-
duction has been increasing faster than energy use in other sectors of
the economy . For example, energy 1nputs in U.S. corn productlon more
than tripled since 1945 (see Table 2). In 1975, the energy input for
nitfogen fertilizer alone about equalled the total eﬁergy inputs for

corn production in 1945.

Energy Efficiency In the U.S. Food System °

To place the energy inputs for production into perspective with
proéessing, distribution, and preparation, Pimenta1>uses s one pound can
of sweet corn as an example. The one pound (hSS'grams) can contains about
375'calories of food energy. This 375 caloriés of food energy requires
about hSO'calorieé of fossil energ& for broduction. Figﬁre II shows that
additional energy.ié expended for proceséing the corn andAgetting that

canned product to the consumer who then cooks it. Henoé; about 11 calories

of f0331l energy input results 1n one calorie of sweet corn food energy at

the dinner table.-
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Table 2. Energy inputs in U.S. corn production.

Labor | | ’ 22 hrs | 7'hrs
Machinery 218,000 kcal . 460,000 kcal
Fuel | 570,000 | 850,000 -
Nitrogen - 49,000 - 900,000
Phosphorus 10,000 - 93,000
Potassium 5,000 : - 71,000
Limestone 5,000 30,000
seeds | 30,000 50,000
Irrigation | 42,000 316,000
Insecticides o 33,000
Herbicides ' 0 : - - 60,000
Drying I 4 17,000 - 152,000
Electricity 16,000 | 154,000
Transportation -~ .- | '20,000 : o 70,000
Totals = 982,000Ca;qries | 3,248,000 Caloriee
Corn Yields 34 bu S 86 bu

~ Output/Input Ratio 3.0 | | 2.4

Source: Pimentel, 1977
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ENERGY INPUTS FOR CANNED CORN
h (k55 g. = 375 Calories)

BOME 5 500
SHOPPING . 800
DISTRIBUTION H 340
TRANSPORT § - 250
PROCESSING £33 1760
PRODUCTION § 450

_TOTAL k100

ENERGY INPUTS FOR BEEF
(140 g. = 375 Calories)

HOME § 155
SHOPPING B 250
DISTRIBUTION H 105
TRANSPORT f| 80
PROCESSING H koo .
PRODUCTION £= — : , = 29,000
© TOTAL 29,990 | |

Source: Pimentel :
et al, 1975)

Figure II



Some of the energy in production is utilized‘by farm machinery.
While the number of workers engaged in farming is less.than one eighth -

" the number involved in 1920 and the number of work animals is small, the
number of tractors and their rated horsepower has increased tremendously'
(Steinhart and Steinhart, 197h).

Although the amount of energy used in corn production is high
for beef the numbers are even more staggering (remember, this is a longer
food chain). To equal the same 375 calories of food energy provided in
a one pound can of_corn, about one-quarter pound of beef‘must be produced -
at a cost of 29,000 calories of fossil .energy input (see Figure II). The
reason is primarily thet cattle are fed large quantities of grain. A cow
is fed over twenty-one pounds of plant protein in order,to produce one
pound of protein for human consumption (Lappe, 1972).

4 The way to 1mprove any efficiency is to reduce the 1nput or 1n—
crease the output for the same product. This applies as well to fann1ng
as to simple machines. Let's look at reducing the input first. Since
' solar energy is abundant and free, there is no need to reduce this form of
energy input. Fert1lizer on the other hand, is not abundant and is ex~
pensive. _Here the farmer can improve his energy efficiency by reducing
his use of.fertilizer as much as possible. Substituting manure from o
animals for chemical fertilizer would result in a substantial>energy savings
of l,lOOQOOO-calories per acre, and effectively recycle these aninal wvastes.
(Pimentel et al.; 1973). A second alternative to chemical fertilizers is
the planting of legumes (e.g. clover, peas, beens) in'r'otation with grain
crops. Nitrates produced in the roots of these plants fertillze the- soil.
Energy sav1ngs of 1,500, 000 calorles per acre would be realized from this
procedure (Pimentel et al.,l973) Indlrectly, because the plantlng of
legumes reduces weed problems, less energy would be needed for weed- control.
Some experlmental farms are feeding plants hydroponlcally, giving them
-exactly the nutrients they require in water solution w1thout the use of
soil. Since this method requires greatly reduced amounts of fertllizer,

significant energy savings are realized



Input for livestock could be decreased more significantly.

"In 1968, U.S. livestock (minus dairy cows) were fed twenty million tons

of protein pfimarily from sources that could havé been eaten directl&

by man. Cattle and hogs alone accounted for oﬁe-half of the total protéin
consumed" (Lappe, 1972). Since livestock can convert inedible substances
(e.g. cellulose) into high-quality protein, our protein harvest could be
greatly increased if stock were grazed on grasslands unsuitable for-farming,
making the grains they currently eat available for human consumption.

On the output side of the energy efficiency ratio, importént
improvemepts can be made. Corn transforms only about 1-2% of the solar
energy that strikes it int6 edible food. Productioﬁ of more efficient
plant varieties could result in energy outputs of 8—10%. Already, the
"green revolution" has produced varieties that transform 4-5% of the

" available solar energy, and reseafch to find more and better varieties
continues. More return on solar energy input can also be produced by
intercropping (more than one crop in the same field), multiple cropping
(several crops in succession); and relay planting (sowing é second crop
between the rows of an earlier, maturing'crop). Not only do these
techniqueé make greater use of available solar energy, they also make
more efficient use of fertilizer. _.

Not only do.land farms transfer energy,'aquatic biomes also
transfer emergy. "Behind eiery ounce and a half of tuna that we eat,
there is one pound of mackerel; ten pounds of herring, one hundred pounds
of zoo plankton, and five hundred pounds of phytoplankton" (Wagner, 19T4).
If people were to eat more herring and less‘tuna, much more food energy

" could be harvested from the sea with the same amount of energy input.

But currently, fully one half of the fish being caught are discarded
(Wagner, 1974) because Americans are very particular about what they con-
sider edible. In addition, research into plankton harvesting is being

conducted as the first step in seafood farming under controlled conditionms.

Processing, Packaging, Distribution, and Preparation

After crops are grown and livestock reach maturity, muéh.energy
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is expended in food processing, packaging, distributing, selling, ahd
preparing before the food is served on your dinnef plate. In the past
fifty years cénned, frozen, and other processed foodé‘have become the
principal items of our diet. At present, the food prdcessing industry
is the fourth largest energy consuming industry in the couﬁtry. Hardly
.any food is eaten as it comes from the fields. Even farmers‘ﬁufchase
most of their food from markets in town.

The processing of crops to make nutritious food more attractive
to the consumer requires substantial unneceésary energy cohsumption. For
_example, raw potatoes are more energy efficient than prdcessed instant
potatoes and frozen french fries. Yet nearly 20% of our potato crop is
. consumed annually in the form of these fries, Similarly, more energy
efficient fresh vegetables are transformed into canned and frozen vege-
tables with high energy inputs.

‘ The energy problem is heightened by the use of energy-intensive
materisals in. the food packaging industry. Aluminum is one of the highest
energy consuming materials produced for containers (see Table 3) and
between 1971 and 1972 the use of aluminum cans 1ncreased 317 (Clark 197L).
- Although aluminum can be recycled, the process requires con51derable _
amounts of energy. Glass containers that are returneq, cleaned and re-
filled several times are far more energy efficient.v If people used return-
able bottles for soft drinks and beer,lihe equivalent of 1,700,000,000
gallons of gesoline would be saved (Pringle, 1975) ;

| Overpacking is another energy "guzzler". Have you ever ééten
in a fast food restaurant where your hambﬁrger was wrapped in peper that
was put in a box which was placed iﬁ a2 bag on & paper-covered tray? Or
. have you opened up a'package of frankfurtefs from the supermarket to find
each covered with its own wrapper? Energy savings could be realizedvby
the use of less and energy—cheaper packaglng. |

After packaeging in a factory, most products are transported to
merkets by truck. Some energy could be saved if rail transportation were
used more frequently. However, by far the most inefficient delivery system

is in transporting food home from the retailer ﬁsing a four or five thou-



Table 3. Energy Consumption in Basic Materlals Process1ng
Per Ton of Product

Energy ‘'used for production,
nmnuf:lclu_rinu cquipment use,
and transportation of finished goods

Material (in thermal kilowatt-hours)™ . -
Stecl . : 12,600
Aluminum ‘ 67,200
Copper . 21,000
High-grade steel . '

(silicone and metal) alloys . 59,200
Zinc 14,700
Lead 12,900
Electrically processed metals 51,200
Titanium 141,200
Cement _ - 2,300
Sand and gravel .21
Inorganic chemicals : © 2,700
Finished plate glass - 7,200
Plastics - 2,900
Paper . 6,400
Coal 42
Lumber ©1.51

per board foot

*¥ A thermal kilowatt-hour is an energy measure in electrical
terms that takes into account the efficiency ‘of the
electrical productlon and distribution system.

Source: Clark, 19TL

sand pound auﬁolto carry perhaps twenty pounds of groceriee. In some
cases the energy expended by burning gasoline may be equal to. the energy
in the foods purchased (Steinhart and Steinhart, 197L4). Store dellvery,'
routes, shopping car pools, bicycling, and even mass transit would in-
crease energy efficiency. |

Energy use for food does not end at.our doorsteps. Storage
and food preparation require additional energy (see‘Eigure IV) expenditures.
Both the number of electric appliances in the house and the electricity
consumption fesulting"ffom the use of appliences have risen dramatically

in recent years (Clark, 1974)(see Table L).
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cooking (5.7%)
refrigeration (5.7%)

Other (12.5%)

air cond. (3.7%)

water heating

(15.1%)

space
heating

Energy Use in U. S. Homes
Figure IV

Tabie L. Energy Consumption in U.S. Homes

-Source:

Envirommental .
Syllabus, 1977

SANNUAL -\ i ANNUAL
v Per Capita ~ Per Capita
1960 KWHE 1970 KWHE
S Saturation Consumption Saturation Consumption
elsctrical .
resistance
heating - 1.5% 41 . 6.1% 190
" Electric '
water heating 18.6% 232 29.6% 416
Electric ‘
ranges 35.6% 118 52.7% 197.
ANNUAL ANNUAL
Per Capita Per Capita
1960 KWHE 1970 KWHE
" Saturation Consumption Saturation Consumption
-~ Air ‘
conditioning
total 14.8% 59 42.6% 191
Air
‘conditioning i : K
(central) . C2.0% 11 5.9% - 37
Air conditioning ' o
(room) 12.8% 48 36.7% 154 -
Freezers 22.1% 59 29.6% .92
Dishwashers 6.3% 7 23.7% 27
Portable o
- appliances - 104 —_ 223
( ‘Refrigerators 98.0% 163 100.0% + 310

Source: ' Clark, 19Tk
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Technology is already availabie‘for constructing better insulated»and
high efficiency appliances at little additional construction cost (Fishef
197L4). TFor example, in a study conducted by the Department of Housing
>and Urban Development, Hittman Associates researchers found that redé-
signing the components of ovens and using different insulation materials
could cut energy use in half. They also found that waéte_heat frbﬁ |
freezer and refrigerator condensers can Be used in the hot water system
of the house {Clark, 19T4). In the near future perhaps the price of
this system will become compétitive. Labeling of equipméht and all
appliances to indicate their energy efficiency, such aslthe EER that is

. currently reported for airconditioners, could then encourage individuals
to'pufchasé‘more efficient machines. Better cooking management would

also result in some energy savings. Spies (lQTh) suggeéts:

i. cook several items that can be baked at the same temperature

for the same meal or for future use;

ii. preheating the oven wastes a great deal of ,‘energy';.
iii, turn off the oven about ten minutes before‘food_is done. The',

remaining heat will finish the cooking; :
iv. use flat-bottomed pans of the proper size to cover the portion. .

of the burner used; and

An additional suggestion is to use various single-purpose cooking
appliances; e.g. coffee mekers, waffle irons, toasters, etc., because
théy are usually more efficient than the range in pérforming their

specific function (Barab, 1976). -

F-12




>

. .References .Cited

Barab, Margarita, ed. 1976. Food and Agriculture. A Citizen
Guide to Community Development :

Buréaﬁ of General Education Curriculum Development. 1977.
Environmental Syllabus: Grades 10,11,12. State Education Department
of the State of New York, Albany. :

Clerk, Wilson. 1974. Energy for Surviva;. Anchor Books, New York.

Fisher, John C. 197L. " Energy Crisis in Perspective. Wiley-Inter-
science, New York.

Foﬁler, John W. ed. 1975. Energy-Environment Source Book. National
Science Teachers Association, Washington, D.C. .

Heichel, Gary H, 19Th. Enefgy Needs and Food Yields; Technology
Review (July/August 19TL) 19-25. '

Lappe, Frances Moore,-1972. Diet for a Small Planet. Ballentine
Books, ‘Inc., New York. ‘ ' '

Pimentel, David, 1977. Energy, Land, and the Limits of World Good.
unpublished. ' :

Pimentel, David, L.E.:Hurd, A.C. Bellotti, M.J. Forster, I.N. Oka,
0.D. Sholes, and R.J. Whitman, 1973. Food Production and the Energy
Crisis. Science 182:L443-L449,

Pringle, Laurence, 1975. Energy Power for People; MacMillan Publishing,
New York. '

Spies, Henry R.,Seichi Konzo, Jean Calvin, and Wayne Thomas, 197h.
350 Ways to Save Energy and Money in Your Home and Car. Crown
" Publications, New York.

Steinhart, John S. and Carol E. Steinhart, 19T4. Energy Use in the
U.S. Food System. Secience 18L4: 307-315.

Wagner, Richard H, 197k. Environment and Man. W.W. Norton & Company
Inc., New York. : .

F-13



WHAT'S ON YOUR MIND?
(Food System)

" Objectives

The student should be able to:
(a) Crystallize his feelings about the U.S. food and
" enérgy situation
(b) Gain awarenéss of the energy needs of our present
food system. :

-Overview

The purpose of this activity is to help you assess your
students* awareness of the enormous amounts of energy uséd by our

modern methods of food production and processing.

Strategy

Begin with a short discussion of the present energy crisis by
simply‘asking a student what kinds of energy use have the greatést impact
on our energy problem. - (Students'wili probably state that big cars, -
electric appliances, étc., are to blame. Few, if any, will relate the
energy crisis with our present food system.) ~With the discussion com-
pleted have students complete the inventory. A discussion of each 1tem
of the inventory should be done by the class. Wlthout heving many facts
to help them, students will find it hard to decide who is right or wrong.
Tell them that they will be confronting many of the toplcs presented in

. the questionnaire over the next few days.

Bibliography
. NSTA, 1976. "Agriculture Inventory," Agriculture, Energy and
Society. ERDA Technical Information Center, Oak Ridge.

~Extension Activities

| Have students read background information. A'goo& source is
Fowler, pp; 56-5T7 - (sée References cited in background). After they have
completed reading articles and.participating iﬁ the unit, have them do the

inventory again. Ask them to compare their "before". and "after" responses.
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Date

What's On Your Mind Actvity Sheet .

Directions: Read carefully each statement. For each statement plaée a check

SA

(v} in the column which most nearly

indicates your opinion. The

symbols represent the degree of your opinion.

= Strongly Agree A = Agree
= Disagree SD = Strongly Disagree
To help conserve fossil fuels, Americans

should eat less mest.

It is possible to reduce the rate of
energy used & still provide every Ameri-
can with a nourishing diet.

Rising food prices in the past 5 yrs have
resulted from higher oil prices. ‘

The U.S. should encourage people in devel-

. oping nations to use our farming & food

10.

11.

12,

13_-

processing methods.

The amount of petroleum used on American
farms is greater than that used. in private

.automobiles.

We get énergy from food ﬁe'eat; however,'
today we use more energy in growing and
preparing food than we get in energy out
of it. ' :

A farmer's expensés can affect my life.

Processing food uses more energy than
growing food. '

‘Each acre of crop land becomes ever more

productive as more fertilizer is applied.

Farm workers & farm enimals are more energy-
efficient than tractors & other machinery.

The energy farmers use is coﬁpératively
cheap when you consider what they produce
with:it. L : :

Our farmeré rely on -domestic supplies of oil

& natural gas to run their farms.

‘When we eat food, we're "eating up our oil

supplies for the future."

F-15
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1k,

5.

The fact that we all have household helpers
like electric appliances has less to do
with the rate of energy use than the fact
that we simply have more people.

Sometimes less can be more. We have fewer

- farms today, but each farmer produces more.

This situation can go on foérever.

F-16
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I DIDN'T KNOW IT WAS LOADED

" Heat Energy

. Objectives
The student should‘be able to:

(a) Convert food energy to heat energy, or describe
food energy converted to heat energy.

(b) Define calorie and Calorie.

(c) Calculate the approximate food energy value of
mini-marshmallows and peanuts in Calories:

This lesson can be used as eiﬁher a sfudent-laboratory.
activity of a teacher demonstration. In either case, a crude
calorimeter (m&de from a séda can) is used to convert food energy
into heat energy and provide data that will allow studehts to cal-
cuiate the approximate amount of food energy contained in mini-

marshmallows and peanuts.

Materials
(Per demonstration or student laboratory group)

alcohol burner and stand

50ml  beaker (or larger)

wired calorimeter (see instructions under Strategy)
thermometer '

potholder or tongs

paper towel

I R T

'straightlpins
15 'mini-marshmallows

3 peanuts
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Strategy

. ~ Construct ahead of time (or have student aides construct) one
wired oalorimeter per demonstration or laboratory group. Use 12 oz. soft
drink cans. First punch éight héles in each can with a nail or ice pick.
The holes should be on opposite sides of the can about 4 em from each end.
Then remove both the top and bottom of the can. Cut four pieces of wire
about 18 ¢m long. Unqoaﬁed heavy guage copper wire is excellent. Coat-

hanger wire will work too, if'you have shears and the strength to bend it.

Calorimeter with marshmallows

Calorimeter with. peanut

Introduce the activity by asking, "Whaf is.fooa?" or "Why do
we eat food?" Discuss the facts that humans need food energy to profide'
energy for movement, blood c1rculat10n resplratlon ‘and to maintain body
temperature etc.

Define & calorie as a unit gg_énergy, specifically, the amount

of energy needed to raise the temperature of 1 gram of watér 1°C.',Define

a Calorie as 1000 calories and equate it to a "diet"lcaldrie. '
Pass out the activity sheets and instruct students to collect

the data called for and then to calculate the food energy values of m1n1—‘

marshmallows and peanuts.
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After students have completed the laborstory activ1ty and thelr

calculations, discuss and relnforce the results. Some good discussion

questions are: "Did you measure all of the food energy released?” "Why
is the energy value of peanuts and marshmallows so different?” "How did
the energy get into the food?" "Compare and contrast food and petroleum."

You might want to conclude this activity by stressihg the idea

that food is energy and that it must come from some other source of energy.

Notes to the Teacher

The valué of a calorie is really only correct for certain tempa
eratures, but the exact value is never far from 1 between free21ng and
boiling.

Stele or hard marshmallows work better than fresh ones; they
will burn longer and more steadily, and stay on the wire better, and are
less apt to be eaten. They must be pushed tightly together to burn com-
pletely. ' o

After the foods are ignited, A quickly place on the burner
stand and the besker Quickly put in place. -

Marshmallows require careful handling or you will end up with
a gooey mess on desks, floors, clothing, and equipment.

Pushing the pins into the peanuts without splitting them is
difficuit. Care mﬁst be teken doing this and balancing the nut on the’
wires. A ‘ .

This kind of calorimeter is veri inefficient and the'mérshmallows
would provide about 16,250 calories of heat. Since peanuts vary considerably
in size, students will get a wide range of temperature changes. An average
size peanut (1 to 1.5 CM in length) should produce a temperature change of

about 10 C. This indicates 1200 calories or 1.2 Calories.

Extension
Ask students to convert various amounts of calorles into Calorles
and vice versa. Have them keep track of the number of Calories they con-

sume in a day or a week,
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Student Activity Sheet

Name

Date

Heat is a form of energy. A calorie is defined as the amount
of heat it takes to raise the temperature of one gram of water one degree
Celsius. Therefore, calories are used to measure amounts of energy. _ -
The amount of energ& contained in food can. easily be calculated
by burning it and measuring how much it increases the tempereture of a

known amount of water. Simply stated:
calories = grams of water x change in temperatures (°C)

In this activity you will calculate the energy content of

marshmallows and peanuts in calorles.
1. Select 8 partner(s) and get the following materlals

1l alcohol burner ané stand

1 50 ml beaker | .

L0 ml of tap water (this is equivalent to 40 grams )
1 wired can

1 thermometer

1 potholder or tongs

1 paper towel

8 straight pins

15 mini marshmallows

3 peanuts

'

2. Remove the bottom wires from the can. Then thread 3 marshmallows
on one wire and 2 on the other. Push all the mﬁrshmailcws as close to-

gether as you can. Put the wires back on the cans as shown.
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3. Pour 40 m1 (this is L0 grams) of vater into a beaker. Record:

the temperature in Tabié 1.

Table 1
7 MARSHMALLOWS
Trial No of Mini Mass of Start. Fiﬂal Change
No. Marshmallows H_ O Temp . Temp. in Temp
Lo
Lo
L0
Average
Temperature
Change
L, Read carefully before doing this. Be sure to use a potholder

or tongs.' Do not pick it up with your hends. Hold the can over the

alcohold burner flame until all mershmallows are burning. Using tongs,
quickly sét the can on the heating stand away from the burner. Instantly
place the beaker of water onto the wire basket on the top of the can.

Leave it there until the marshmallows burn out.
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5. After the marshmallows stop burning, measure the new temperature

of the water ( C) and record it under Final Temperature.

6. Repeat this procedure two more times. Use 40 ml of fresh tap'

water each time. Then calculate the average gain in water temperatﬁrE.

T. Use the average gain in water temperature to calculate the

. food energy value of the mini-marshmallows.

- 8,' Push two straight pins into each nut as shown. Balance one
nut across the bottom wires. Repeat steps 3 - 6, with the peanut. When

you are done, clean the wires, can and stand. Record the data in Table 2.

Table 2
PEANUTS
Trial No. of Mass of Start. Final Change
No. - Peanuts Water Temp . Temp . in Temp.
_ (grams) (°c) (°C) ~—_(°c)

1 1 . hoo ‘ '
> 1 )
3 1 L0

‘Avérage _Temﬁ.

. Change

9. Use the average gain in water temperature tq calculate the -

food energy value of the peanuts.

F-21A



SUMMING UP

(Energy Cost of Food Production)

Objectives
The student should be able to:

(a) List at least three major forms of food productlon
energy inputs,

(v) Calculate and interpret a food energy input/output ratio.

(c) Describe several ways the U.S. food energy input/output
ratio could be improved.

(d) Compare food energy input/output ratios for corn pro-
duction and beef production,

(e) Compare the U.S. food energy 1nput/output ratlo for corn
with that of a developing country.

Overview

This lesson can be used as the basis of a class discussion
~or as a pencil and paper student activity. Tt is intended to show students
‘ that it takes substantial amoupts of fossil energy to produce lesser
smounts of food energy. Students will learn how to compare energy inputs
-to energy outputs and.how food production can be made more energy efficient.
They will also get a chance to dlscuss food production in Mexico, which is

representative of production in developlng countrles.'

) Stra.tegx

Start by ‘asking the students where the energy in food comes from.
When you have established that it comes from other forms. of energy, see
howAmany specific forms of energy input your students can‘cdntribute to
a chalkboard or transparency list. '

Pass out Activity Sheet 1 (or project é transparancy copy of it)
and ask students to estimate the energy input from each source<identified,.
and have them record their estimates on the appropriate lines.

Pass out Activity Sheet 2 (or project a copy of it) and ask your
students to answer the questions on it. ‘ ’

Discuss the results.
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Notes to The Teacher

Corn has been selected as a representative crop because it is

an important grain in the U.S., because much data is available, and. be-

cause its input/output ratio is about average for most crops.

Canning and processing the corn after it has been produced re-

quires about 10 times more energy than growing it does.

‘Sample Responses

1.
2.

5.

450 Calories
375 Calories).
The energy input/output ratio tells how many times greater

Tﬁe~energy input/output ratio is 1.2 (

the energy invested than the energy returned in food pro-

duction.

'In general terms the ratio can be improved by decreasing

the amount of energy put in, or increasing the amount of
energy gotten out. A

Specific improvements on the input side are: using manure
rather than fertilizer, or compost rather than fertilizer,
using naturdl enemies (e. g. lady bugs) or natural deterents
(e.g. marigolds) to control pests rather than insecticides,
air drying corn in cribs rather than using heaters, buying
more efficient farm machinery, using bio.mass conversion to
produce methane to reduce theneed for electricity on the farm,
ete. On the output side, more nutritious and energy intense
plants can be genetically developed

The 1nput/output ratio for beef production is much higher

. than the ratio for corn; it is 7 to 8/1. This is because

corn is fed to beef cattle and‘energy is lost by the cattle .
in life sustaining processes, and also stored in inedible parts
of the cow. (This ratio is much lower for grass fed beef.)

The 1nput/output ratio for beef could be 1mproved by grazing

‘them on nonarsble grasslands or by feeding the more energy

eff1c1ent crops such as soybeans. (The taste of such beef

is usually different.)
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T. The energy input/output ratio for corn production_in.Mexico
is about five times higher than fhe U.S. ratio. -This is
because they use much greater amounts of human'and'animal
labor than the U.S. dQes. They also use pfacticaily no
fertilizer, insecticides, herbicides, or irrigation. (Their

yield per acre is a little less than half as much as ours.)

Extension Activities

Calculate the energy input/output ratio including processing,
. shopping, and home preparation. Calculate the energy input/output ratio
for other crops such as soybeans and other mests, such as chicken and

pork.

F-2k



' ' ) V ‘]JPFCﬂH;\I;ﬁN { tlliu__
{ c; : .

HECEIG IDE P
"\YH';.\;_ :."6 ~

pr A “ ¢ ' A :
?4‘7. Z : 4 "7

Y s

P

AN . ‘L N
L . S\

\-é;]‘\_\.-' ; i \

S A CA

¢ "

NITE GG jl

: PHQ&P”At:US.l3
FECTIL(7L 4

[ \

8 INSE(;Tic'm'L" v R

)

POVAT o bin |
\

. / } L PV i A g}
T “, T\ , ' . Pobhe Jg e
. (t_‘ - .‘,r@ . \\‘ \\ . ' .
. W o \\ " K » .
0 S PEET N | : s s .
10 TRANSPaKTATN ‘ N \ - 11

dh\:L,‘ /}:{N:I-__‘,( ' ) . \.\\\‘\\ { . '/ /

o
Rt

Ky

e[ <

oSt Dy A . i L

: T =5 (D] \\, - LMLEGd 70 opi v

20 _ DRV G Lo A o » ' AN )L ' _”7

OTHE R

| | | N . W50
LIS GRAMS ofF pDIEI coved LOTAL
(21, Catoriis ) | |

~

F-25

| (Sax attochid )



————

—

ELECTOR 1Y

Ny (t_.:f{{{ még

\ 1

R
TRANSPOR

%

G,?\,'\ .
o

vV l‘lll

DR (N -

ODTHLR

AL 0.]

LY
regmeine

,.‘ /-'.,\ \.I\ . ‘\'

- Student Activity Sheet

() Gl\’/\\\/'lr

).‘ i

Name

Date

LR CA T 1O

,‘ ‘ MTCoa ey L
MO

FEETU(7(c: - .
PpoaYATLLvIvn L

gl
\ fy rd,o 7
\\ . ‘v?" r‘\ ' "‘ ) ¢ ¢
3 ‘([;) . ! .
. \ /
: \ /
\ Pl b s T
'f‘\\ \ \ / , )
’ ) . K 4 °
AL \\ \ 4 171
. \, L v .- .
SN )| -l
" \ . Sy eoLainy
\.‘\'\'\\ “.( /l ! ‘ ;U 5
\ - e D
™~ = ENMLa ) T orr et
Ty AL S
O\MMA,) f) v
-, P ~ N

OF EDIELIT Cobt ] ToTAV\

C_aLopir:, Ji

. F-26



STUDENT ACTIVITY SHEET 2 (Continued)

1. Refer to Activity Sheet 2. Calculate the energy input/ocutput
ratio for freshing harvested corn in the United States.

2. What does the energy input /output ratio mean?

3. In genersal terms, what would have to:be done to make the ratio

"hetter™?
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L. What specific and practlcal things might a farmer do to reduce
the energy 1nput/output ratio for corn?

5. How do you think the energy input/output ratio for beef production
compares to the ratio for corn? Why?

6. What specific things might a beef rancher do to improve the energy
input /output ratio for beef production? .

7. How do you think the energy input/output ratio for'corn'production in
Mexico compares to the ratio in the United States? Explain your answer.
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PRAY FOR PREDATORS

The Food-Chain-Action Game

Objectives

Students should be able to:

(a) Identify the energy relationships among organisms
of a food chain.

(b) Explain that more energy is contained in green plants
© of a food chain than in each succeeding level of
consumer.,

Ovexrview

The body of the lesson is an actiop geme, It is designed
to show that not all of‘thebenergy contained in one link of the food
chain is available to the next link. It is intended to show that more
plants'than plant eaters and more plant eaters than meat eaters can be
successfully supported in a food chain.

Students play different organisms in & food chain. The goal
of each organism is to survive.through the "day" (5 minutes) by eating
enough to live without being eaten. (For detaiLs see the Student

Activity Sheet).

" Materisls
For a clasé of about thirty students -
l'large bag of roasted peanuts in shells (about 2 1bs) .
20 sashes or large 1dent1f1cat10n tags of one color
10 sashes or lérge jdentification tags of another color
10 sashes or laige identificationjtagsnof a third colér
20 sandw1ch size plastic bags
1 kitchen timer with a bell (or any timing device & a whlstle or loud voice)

Set of Student Activity Sheets

Strategy

Sité selection - In advance choose & site; The'best gite is a
grassy field of about 250-300 sq. meters. Any safe indoor or outdoor -

ares with few obstructions is adequate. You can even move. all of the
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desks and chairs against the walls of your classroom and play there.
' Seat all students together at the game site. ‘ )

In introducing this activity discuss that animals eat in order
to get energy for the activities characteriétic of life and that energy
enters the food chain by the conversion of light energy. to chemical
energy by green plants. You might ask: "Why do cows eat? Whaf do cows
eat? Eow do plants get energy? What organism might eat a cow?" .

Explain that the term food chain refers to transfer of ehergyA
from one organism to another through a series of eéting and béing eaten.

Have one student distribute about 100 peanuts over the game area
while another hands out activity sheets. You can choose 1/3 of the
part1c1pants to be mice, 1/3 to be snakes, and 1/3 to be hawks. Give
each of the mice one color identification sash and a plastic”bag, give
each of the snakes another color sash and each of the hawks the third
éolor sash. ,

Ask students what food chain tﬁey are representing in this game.
Explain that peanuts on the ground represent plants. . v ] ,

Have students read the instruétions for their group. Ask for
questions. ‘ _ ‘

Set the timer for 5 minutes, tell students the game is over
when the bell rlngs (or you blow your whistle).

If, after five minutes or less, all of the members of one or
more links have perished, stop the geme. Call'all students back to the
‘staging area. Record the number of survivors. Ask: "What adjustments
can we meke so that we will have members of each iink in the food chain
after five minutes?" ‘ '

Mske the adjustments and Play the game agaiﬁ. 4Repeat this
until at least one member of each link sﬁrvivés thréugh the "day".

Have all students return to the staglng area. _Determine the
number of participants in each link of the successful community. Whiie
students complete the questions on the activity sheet, collect the

. other materials.
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Notes to the Teacher

You may want to introduce the lesson the day before you‘plﬁy
the game. Yqu‘can go to the site and start more ‘quickly this way.
If'you‘chQOSe an outdoor area frequéntéd by animals, you
- will not have to clean up the peanuts aftér thé game.
The first game is usually over in less than a mlnute. Either
‘the mice or snakes are all capturud |
' Don't worry about students who don't want to play. Most get
caught up in the game after the first replay or are enticed by the peanuts.
Chenge only one rule at a time. Successful changes could
include adding moré mice, having fewer hawks, staggéring felease of mice
first, then snakes, then hawké, and providing areas where mice or snakes

can not be captured.

Sample Responses

1. Trensfer of energy from one organism to,anotﬁer through a
series of eating and being eaten. - L

2. ‘Plants - mice - snakes - hawks

3. Varies with each series of gemes ... possibly 80 plants,
11 mice, 5 snskes, 2 hawks. .

L., ~Plants, animal éﬁters; -Plants ate.the most efficient in
getting energy. Animal eaters get énergy from other animals who use
some of their own body processes and lose some energy‘as'heat.

5. Yes; They depend on organisms that depend on plant eaters

" which depénd-on_plants. A food chain oollapséé if a link is missing.

' Extension Activities
Play the game with a shbrter‘food'chain. Compare_the.number'
of plants required to support that-community~and-the longerfone”in this
game. . . o ' '
' Dlscuss what would happen 1f each link of the food chaln had

more or fewer members.
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Have. students list the shortest confinuing food chain they
- can think of, the longest food’ chain they can think of and various
good chalns that 1nclude people. .

Have students flnd orpanisms involved in food chains in
your aresa. Exgmples are insect larvae on leaves, rabbits eating

<

leaves, etc. -5

Other Readi;gs

OBIS Trlal Edition Set II. 1976 The Food Chain Game.

Lawrence Hall of Sclence Unlver81ty of Callfornla/Berkely, Callfornla{
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Student Activity Sheet

Nare

Date

The Game Plan'

You are going to play a game of tag in which you colléct
peanuts. The goal is for at least some plants, one mouse, ohe snake,
and one hawk to survive through the game. The game is over when your

teacher gives the signal. Read the directions for your group.

If you are a MOUSE -

You must get enough to eat without being "eaten". During the
game you pick up peanuts from the gr§und and put them in'your plastic
bag "stomach". When you have at least 10 peanuts in your bag, you
may eat half of them. You must avoid getting ﬁagged (eaten) by a
snake. If you are tagged by a snake, give him/her your "stomach" and
gb back to the staging area. (A hawk can not tag you) If you are not
captured, return to the staging area when your teacher gives the

signel. Record the number of survivors.
If you are a SNAKE:

You must get enough to eat ﬁithout being "eaten." During the
game you tag (eat) mice and take their plastic bag ("stomach"). You must
obtain 15 intact peanut shells to be adequately nourished. If you have '
a fewjextfa, you may eat them, but do not cépture additional mice. You
ﬁust avoid getting tagged (eaten) by a hawk. If you are tagged by7a‘hawk,
give him/her your "stomach(s)"'énd go back to the staging~area. (You can
not pick up peanuts from the ground) If you are not captured, return to
the staging area ﬁhen your teacher gives the signal. Record the number
 of survivors. : ‘ o >’ T,

If you are a HAWK:

You must get enough to eat in order to survi#e, During the game
you tag (eat) snakes and take their plastic bag ("stomach"). You must have .
20 intact peanut shells to be adequately nourished. If yoﬁ have a few extra

F-32



you may‘eat them, but do not capture additional snakes; '(You may not
tag m1ce or plck up peanuts from the ground.) - When you have 20

1ntact peanut shells, return to the staging area. Even if you do not
have 20 peanuts, return to the staging area when your teacher gives )

the signal. Record the number of survivors.

RECORD OF SURVIVORS

. At Start. of Game End of Game

Approximate A Approxmiate Other Changes Made
# # # # # # # # {|In The :
Plant Mice Snakes Hawks ||Plants Mice Snskes Hawks ||Game
GAME '
1
GAME
2
GAME
3
GAME
L

NOTE: Mice Survivors Must have 10 nuts
’ Snake<sﬁiviv§fé.Must have 15 nuts

Hawk Survivors Must have 20 nuts
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Summery Questions

1. What is a food chain?
2. - What food chain was represented in this game?
3. In the successful, balanced community how many plants did you

start with? How many mice did you start with? How many snakes did you
start with? How many hawks did you start with?

Plants Mice Snakes | Hawks

'

"k, A natural community often contains plants, plant eaters, and
animal eaters. Which would you expect to find in the greatest quantity?

Which would you expect to find in the
smallest quantity? Why?

5. Do hawks need plants to survive? Explain
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‘Strategy

BREAK THE CHAIN HABIT

Examining the Food Chain

0b ectives

The student should be able to:

(a) Identify the most and least energy efficient sources
of livestock protein. A A _

(v) Explain what the protein conver81on efflclency of plants
would be if included on a graph.

_(é) Fxplain that more protein and energy are available from
plants than from animals in a food chain.

(a) Make decisions. about choosing a ﬂiet in a‘wqud where

there will be food shortages.

Overview

Eating several links along the food .chain (meat) requires
the expenditure of much more energy than eating the first 11nk (vegetables;
nuts, and seeds). In this lesson students examine a graph that shows
livestock protein conversion efficiency and use this information to help
decide how‘people cen best survive in an unusual situation and in an

overpopulated world.

Materials ,
~ Set of Student Act1v1ty Sheets

Ask students what cows eat and whatAorganisms frequently eat cows.

i Ask étudents for examples of other food chaihsAinvolving man. Put them on

the chalkboard.

Reestablish that more energy is contsined in green plants of a
food chain than in each succeeding level of consumer.‘ ' A

.Hand out student act1v1ty sheets and 1et students work elther

1ndependently or in groups.

" Discuss the answers .
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Notes To The Teacher

Dlscu531ons resultlng from questlons 8 and 9 ‘can become

passionate and long. If this happens, consider havlng a separate 1esson

on this topicf

Sample’ Responses

1.

oy V1 & W N

10.

Extension

Various answers. They may include beef, poultry, fish, m11k
eggs, pesas, beans, lentlls, ete.,

Varled responses.

(a) eggs, (b) beef or veal.

They are plants. ‘

1.0. lOO% of the plant protein could be consumed by humans.
Have people eat the corn directly éliminatiﬁg a link in the
chain.

Yes. Cattle cen eat grass. Marginal farming lands can be
used for grazing. ' - :

Various responses.

Various responses.

Eat the hens making them 1ast as long as possiblé. Thén eat
the cereal, Thls is good utllizatlon of the food chain. Feeding

the cereal to the hens is inefficient.

Activities

Have students do research regarding meat consumption in this

country, pet food consumptlon, farmlng practices.
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Student Activity Sheet

Name
Date -
1.. - Try to remember what you ate yesterday. Which of those foodé
were sources of protein? :
2. What are your favorite "protein" foods?
- 3. A typical food chain in our country is corn plants —,cdttle -

people., How could food be made available to more people from this food
" chain? o

L., - - Is there any way that cattle can be raised without using corn -
_or other grains that we can eat directly? Explain.
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The graph on the right shows how many

pounds of corn or other protein must LIVESTOCK PROTEIN CONVERSION EFFICIENCY
be fed to each animal to produce one 25:1

pound of that animal protein for us

to eat,. ) 214

5. = Which animel protein re- . 20:1
quires the least amount of plant
protein to produce?

(a)

Which requires the most?

(b)

15:1~

6. Soybeans and nuts have
considerable amounts of protein.
Why aren't they 1ncluded 1n this
graph?

=

4.4 4.3

Protein Conversion Ratio®

B:1~

T. If the graph wvere expand-
ed to include soybeans and nuts
which conversion efficiency value 0

would they have?
(a)

§

Beef-Qeal
Pork
Poultry
Milk

®No. of Ibs. protdin fod livestock to produco 1 lb protein for
human consumption.

What does that mean?

(b)'

Sou?ée: Lappe 1972 -
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8. ~ The world population is increasing very rapidly. Use of energy
is increasing too. Much energy is used in farming and raising animals.
The result is that there may be a food shortage during your lifetime,

Are Jou willing to alter your “diet to make food available to more people?
in the world?

(a)

Why.or why not?
(v)

ir &ou answered "Yes", how would you alter your diet?

9. - . Do you think most Americans can be convinced to alter their.diets?
Why? '

Do you think they shbuld alter their diets? Why?

10. A Consider an imaginary situation. You and another sallor are strand-
ed on a barren island during a cold winter. You were able to save only a
crate of cereal and two hens. How can you two survive as long. as possible?
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TAKE IT OFF

Food Packaging Costs Energy

Objectives

The student should be able to: .

(a) Identify over-processed and over-packaged foods.

- (b) Choose foods that require limited amounts: of energy,'

processing and packaging. ‘
Ovrerview -

The processing of crops.ﬁo meke nutritious fdods:more
desirgble requires large amounts of unnecessary energy. The purpose
of this lesson is to demonstrate the inefficiency of energy use in
food preduction by close analysis of several prodessed foods and

strong emphasis on over-packaging.
Matérials-
A can of Pringles potato.chips or similar product (optionel).

Strategy

1. Prior tb starting this leésbn give the sfudents the‘Ac£ivity'
Sheet. Ask them to visit the local grocefy store so that they may list
as many varieties of each item as they can find. (Example: frozen,

canned, fresh, paper package, etc.)

ayﬂ.cheese - ‘e) cake -
b)  corn - L f) potatoes
¢) milk s ‘ . g) ham .
d) Jjuice (orange) h) coffee
2; ' Demonstrate some type of procédure which can be'used to analyze

packaging. Use a can of Pringles potato chips as an:extfeme exampie.
Besides the fact that these chips are synthetic, the packaging is'quite
involved. TFirst, the chips are canned in aluminum and capped in plastic,

| then the can itself is surrounded with paperboard.
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3. ~ The day of the.lesson have the students rank each individual .
variety of food on their lists in order from highest energy input to

lowest energy input.

L, Ask some students to reproduce their lists on the chalkboard.
It may be best to ask them to explain their criteria for arranging '
each item in that order. Because of the variety of ansﬁers, discussion .

should follow.

Notes to The Teacher

It may be best to review the material in'theﬂiﬁtroduction.
Explain that different variety does not mean Del Monte or Libby - does

not mean french string beans, yellow snap beans, and green string beans.

Séﬁple Responses

1. ‘The chart - a) Packaging ,b) Precooked, c) frozen
2. Answer will vary. TV dinners is a good example.
3. Hopefully they will select.low energy input products.

L, . " Answers will vary. Less preparation at meal time

and adveftising are examples.
Extension

‘Study recycling of containers,
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Student ActiVity Sheet

Name

Date

You will be given a list of eight foods. Your assignment is to
go to the nearest grocery store and find as many varieties of each item as

you can, f(EXample: frozen, Canned,’fresh, peper-packaged, etc.)

#1 CHEESE # 2 CORN #3 MILK #4 ORANGE JUICE

#5 CAKE * |#6 POTATOES #T -HAM #8 COFFEE

From. your completed lists select the product which you think

has the most energy input and place a star next to it.
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1. Why did jou choose the items that you starred?

2. _ In the supermarket you may have notlced energy wasteful products
that were not on your list. Name five (5).

3.. . ‘What types of foods would you or other members of your family '
purchase in order to save energy? (There are no right or wrong ansvers)

L. Why do people buy high energy input products?
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¢

Table of Energy required to produce various food packages (After Berry and
Makino, l97h)

Package s ' K cal.

_ Small paper set;up box : ' o T22
Polyethylene pouch (16 6z) . o 200
Wooden berry basket ' ' 69
Steel can (16 oz, steel top) ‘ 1,006
Glass jar (16 oz) . 1,023
Steel can (12 oz, aluminum top) - 568
Aluminum can (12 oz, pop-top) ' - . 1,643
Aluminum TV dinner container . , , 1,k96
Styrofosm Tra& (size 6) - ) U
Molded pulp tray (size 6) | o 384
Polyéthylene bottle (1 qt) o 2,49l
Polypropylene bottle (1 qt) 2,752
Plastic milk container (1/2 gel; disposable) ' é,159,
Glass milk container (i/2 galj returnable) L, 455
Coca Cola bottle, non-returnable (16 oz) . 1,471
Coca Cola bottle, rgturnable (16 oz) 2,451

¥Calculated from date of Berry & Makino

(Tentative by Pimentel
- unpublished, 1977)

jnh




HOME ON THE RANGE

Cost of Home Food Preparation

Objectives

The student should be sable to:

: (a) Recognlze and identify the energy waste in home
food preparation.

(v) Become familiar with ways to. improve energy
efficiency in the home related to food. preparatlon

(c) Design simple procedures to help 1mprove bad
energy habits.

(d) Formilate a sound energy efflclent phllosophy

~ Overview '

As a nation our fuel resources are decreasing and our
consumptlon is increasing at rapid rates. 'We must face the fact that
the energy crisis will eventually affect our domestlc lives more
drastically. The necessity to change and control energy consumption
at home is inevitable., In this lesson students will examine the extent

of energy use at home and ways to saving energy rated to food preparation.

Materials _ .
Transparehcy‘of energy consumed_by hoﬁe appliances

Two sets of Student Activity Sheets

“Strategy

Begin this lesson by asking the students about the energy waste
in food preparation at home. Some students will probably suggest that
refrigerators are great energy users because they.are.cehtinudlly in.ﬁse.
Some will conclude that ovens and stoves use the most energy You mipht
want to explain that smaller specialized appllances are far more efficient.
For example, egg cookers shut off like many other smeall appllances,‘as soon
as the egdg is cooked reduc1ng the time and amount of energy used.
Rroject and discuss the transparency.

Give each student a copy of the appliance energy requirement

and Investigation 2. Encohrage students to do the best they can.
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P01nt out that a large amount of’ energy is wasted travellng
by car to the grocery store. A trip to local stores averages 2 miles
and the number of items purchased can be four or less .- an energy weste;
This is one ares many students will probably not think about. Hand out
Investigation 1. This is to be done over a period of one month and one
vacation week, Students are to thoroughly examine the number of tr1ps
to the grocery store, the number of items purchased, mlles traveled
and the reason for the run. Once this information is gathered, discussion
should tske place. Students should recommend ways to help change poor
habits if they exist. | .

Notes to The Teacher

You may want to write a form letter to the parents explaining
the aim of this project. o
Suggest that students keep their 1nvest1gat10n charts on the

' refrigerator in case parents want to add to them.

Sample Responses

"1,  Answers will vary. (a) meke a complete grocery list to make
sure nothing is forgotten. (b) pick up small items on the

way or returning from another destination.

2. Answers will vary. Savings in money and time-are often listed.
3. Answers will vary. Usually holidays mean more travel.
L, - More thought should be given to grocery shopping. More

organization should be applied when poésible, Running to

several stores for all different sales is a waste.of energy.

5. Some appliasnces are preferable.
6. Answers will vary.
T Plan several 1tems that can be beked at the same temperature

’(p0851bly for future meals). Do not preheat. Turn off oven 10
minutes before food is done. Plan combination dishes that can
‘be cooked in one pan on one burner. Many others. '
8. We can try to conserve in our own 11ves by belng less wasteful
L
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9. Yes.
10. - Yes.

Ektension Activities
Introduce students to the difference Bet&een power and energy}
"Measure electric énergy of a small battery.
Examine the increase in the conéumption of electrical energy
over the past 40 years. '

Study the electric rate structure.

Calculate the amount of electriéity used in their homes .
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—_Electrica] Enefgy Use Chart

Estimated Enefgy Consumed by Home Appliances in a Month

Estimated
‘ _ : _ kilowatt
o o . Average = o hours
Food Preparation - wattage monthly
Blender 390 1
Broiler ‘ 1,440 "~ 8
Carving -Knife 92 1
Coffee Maker ' ' - 890 9
Deep Fryer 1,450 i
Dishwasher . . . ‘ 1,200 30
Egg Cooker - . : 520 A
Frying Pan e 1,200 15
Hot Plate - ‘ : 1,260 8
Mixer g : 130 . 1
Oven, Microwave T : ' 1,500 ' 25
Oven, Self-cleaning : 4,800 N 95
_Range 8,200 97
Roaster : 1,340 - 17
Sandwich Grill : 1,160 - . -3
Toaster ' ‘ 1,150 ' 3
Trash Compactor 400 : ' 4
Waffle Iron . 1,120 : o2
Waste Disposer - 450 3
Food Preservation
Freezer (15 cu ft) . © 340 ' 99
Freezer (Frostless 15 cu ft) .. .440 147
Refrigerator (10 cu ft) : 240 60
Refrigerator (Frostless 12 cu ft) 320 110
Refrigerator/Freezer (14 cu ft) - 330 ; 94
(Frostless 14 cu ft) o 620 . 152
Laundry
Clothes Dryer 4,860 . , 83
Iron | ' 1,010 12
Washing Machine (automatic) ' 510 . . 9
Washing Machine (non-automatic) 290 : 6
Water Heater (standard) 2,480 352
Water Heater (quick rncovery) 4,470 , 401
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Student Activity Sheet

Name

Date

Investigation 1

Have you ever given any though to the amount of energy used to
place & meal on the table? Just consider how many trips are taken in the
automobile to the local food stores for a containér of milk or a loaf of
bread. Energy conservﬁtion'and short trips are not truly'compétible, but
there are ways to make short runs and save enérgy

" Your assignment is to carefully examine for one month and a
vacation week the number of trips to the grocery store, miles traveled,
number of items bought and the reasons for meking the trip. Use the chart
below to help organize this idea. As soon as you have completed this in-
formation your téaecher and the class will try to help you arrive at some

sound suggestions which will help you and your family conserve energy.

# Trips to | # I
Grocery Store, |Miles . Vehicle Ttems Reason(s)

Deli. ete. Traveled| Used : Purchased| For Going




Questions

1. Aftgr looking. over this infqrmation what.suggeétions can yoﬁ
recommend to help reduce the number of trips to the local food stores?

2. Is it possible to change your parents'habits on food trips? How?

3. How did the holiday week compare to.thetaverage month chart?

if there was a.considerablé difference, suggest why

4. ~ What conclusions have you arrived:at?_
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5. List some-appliances which are most desirable in the area of
energy conservation’ ’

6. List some appliances which are least desirable in the area of
energy conservation.

Te - List suggestions to help improve booking management in your home .
8. How can you affect the total picture of énergy conservation?

9. Suggest how adults can méke a contfibution tb enefgy conservation
in the home, : S :

F-50




10. Suggest how teen-agers can make a real contribution to energy
conservation in"the home?
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Investigation 2 .

Are you aware bf'thé'fact that we aré‘probébiy more dependent
on various home appliances for food préparatidn'than péoplé of any other
nation in the world? As a consequence, our appliances aré mejor usefs
of energy. It is clear that in the future our choice of energy source
in the home may be severely restricted by social cost’ of making that
energy available, ‘ ’ , ,

.For one week you will compile data nééded to complete this -
'chart below. Your teacher will supply you w1th a table which lists
‘common kltchen appllances and the amount of energy used to run them.

At the end of this assigmment, your information along with the rest
-of the class ﬁill be examined and hopéfully'wé can récommend sbme

suggestions to help reduce energy waste in our kitchens.

Appliance Amt of | Time "1 Reason |# of T# of _
Used * |Energy.{ In .| Alter- | for .- |Meals®' :|People R
Used | Use | natives( Use Prepared (Eating '|Comments
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SMALL TECHNOLOGIES

Introduction

Americans are an energy-hungry people who depend on electficity.
Though we are only 6% of the earth's people we use 35% of the tofal energy
produced world-wide each year. In 1973 the sources of that enefgy were
primarily_petroleum, nafural gas and coal. The problem we face is that these
fossil fuels are rapidly being used up. ' ' '

It is a commonplace of energy discussions to say that the sun is
the source of all of the planet's energy. We use its heat and light -
directly. Plant matter, or biomass, converts sunlight into fossil fuels
and other organic materials which can be burned. Winds afe another form of
‘energy created by ﬁhe sun. Uneven heating of the atmosphere sets up currents
whoée power can be harnessed for our benefit.

Since all depend ultimately on the sun, these are‘sourées of energyl
wvhich will not run ©ff for about 5 billion years. Each is non-polluting,
a "free" fuel and available to the individual homeowner. The technology
associated with solar heat collectors, windmills and biomass converters is
uncomplicated. All are relatively undeveloped but‘presently'in use on a
limited scale. . ) '

: By substituting for fossil fuels, we release them to be used as
‘chemical raw materials for theAmyriad synthetic products on whiéh'modern life
depends. The éo—called "small technologies" are attractive also because
they are gentle oﬁ,people, on resources, and on the.envifénment.

Solar, wind and biomass sources of energy are easily understood
in a science class, as aré the teéhnologies they use; Solar thermal
collectérs can be used in the context of heat and light units. Wind energy
lends itself to discussions of mechanics and electricgl generationé Biohasg
utilizes many biological principles, so traditional subjects can be taught

or reinforced while dealing with an issue of central imporfance.

Solar Energy
' The amount of solar energy which actually‘arrives at ground le#el,
or rooftop, depends on the latitude, the season of the year, local weather,

time of day and several other factors. There are charts; based on years of
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data, collected by the Weather Bureau, which give the mean daily solar’
radiation by month for all parts of the US. The average in the US is about
177 watts/m2 or 58 BTu/ftg/hr. (One BTU or British Thermal Unit is the amount
of heat ﬁeeded to raise the temperature of one kilogram of water one degree
Fahrenheit.) .

Using the January data, a typical three bedroom house in Connecti-
cut, with 1,000 ft2 of roof area would receive 5.6 million Calories in that
month. Even at 50% efficiency, a roof full of colléctors‘couldlprovide more
than half of the 4.8 million Calories such a house would typically require
in the winter. We have deliberately chosen a pessimistic case, a Northern
» statevand a winter month, to make the poinﬁ that solar energy can provide
important amounts of heat even in the North.

Hot water needs for a family of four are estimated at 60 gallonsf
a day. A roof top collector of 70 to 96 ft2 would supply from 60% to 80%
.depending on the unit and location, so solar thermal collectors can make
a substantlal impact on a home owner's need for heat and hot water.

' Typical space and hot water systems providing upwards of 50% of
needs for a family of L4 are estlmated by the Federal Pnergy Admlnlstratlon
to have paid for themselveb in fuel savings Jn as little as U years or as
long as 20 years. The greatest savings are in converting from electric
heat to solar and the pay back period (the time it takes to have saved as
much as the installation cost) will decrease fapidly as fuels become more

scarce and more costly.

To provide ali of the heat and hot water needed for a home of
1500 £t2 in mid-US locations on a 40°F day would require somewhat more than
half of the roof area if a single story or slightly more thén the roof area
of a two story house. A more practical approach for existing homes is to
provide from 50% to 80% of the family's needs, even in colder cllmates,
by using the south facing slope. By plannlng to prov1de about half of
the heat needed in the coldest month the heatlng needs would be met for

most months, and the year round average comes close to 80%.

.On a national scale space heating in homes and‘busineéses uses 18%
of the energy consumed. By the year 2000 the US Energy Research and ; N *
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Deveiopment Administration expects about 4% of the nation's energy needs to

be filled by solar heating and cooling. By the 2020, an impressive 11% of

the total is predicted.

These ure figures for a method of home heating

which admirably fulfills the Calitornia State Criteria for an AppropriatéA
Technology, as listed below.

CRITERIA FOR AN APPROPRIATE TECHNOLOGY

 APPROPRIATE

INAPPROPRIATE
ECOLOGICAL
1. Does not release Pollutes/poisons envi-
pollutants/poisons ronment '
. to environment :
2. Protects existing Destroys natural habitat
_ natural habitat :
3. Restores viability of Destroys viability of
. ecosystems ccosystems
4. Recycles organic nutri- Wastes nutrients and
ents/creates topsoil destroys topsoil
5. Produces food Destroys food production
(potential or actual)
6. Conserves renewable Overuses renewable
© ' resources Tesources '
ENERGETIC
7. Conserves nonrenewable Uses and wastes nonre-
. Tesources newable resources
8. Promotes use of renew- Uses nonrenewable. energy
able energy sources sources
9. Promotes use of recycled - Doesn't use recycled
materials : materials o
10. Reduces transportation Increases dependence: on
K dependence transportation
D
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ECONOMIC

11. Long life

12. Low cost (initial and/
or.lifetime)

13. Promotes small-scale
production, local

ownership, bioregional -

economy .
"14. Promotes '"right livel1-
hood" (meaningful wcrk,
income)
15. Labor/skill-intensive

‘High cost

Short 1life

Promotes large-scale
centralized enterprises

Dehumanizing/impover-
ishing work or lack of
work ’
Capital-intensive

SOCIAL/POLITICAL/CULTURAL

16. Provides human habitat
17. Promotes social flexi-
‘ bility/adaptability
18. Promotes self-reliance
and community coopera-
tion -
19. Understandable/usable
‘ at community level A
20. Creates/maintains ,
natural beauty

Destroys human habitat
Reduces social flexi-
bility '
Promotes centralized
control - -

Understandable to and
run by specialists
‘Destroys natural
beauty S

Source: Office of Appropriate Technology, State of California.

Technology of a Flat Plate Collector

To understand how the heat gets from rooftop to the living space

below, look at the diagram of a flat plate collector on the following page.

This is the design which has been used successfully for residential and

commercial space heating.

- The transparent cover serves many purposes. It keeps outside air

from carrying away the heat that has been trapped. It also keepsbout the -

wind and the elements, protecting the inside components and reducing energy

loss by convection: In warm areas, one cover is usually all that is nec-

essary, but in colder climates, two transparent covers or insulated glass

are generally considered necessary.

Here is how the typical flat plate collector works. Solar radia-

tion passes through the transparent cover (a small portion is absorbed or

reflected off the cover's surface) and hits the absorber plate. Most of the
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How a Flat Plate Collector Works

e
Convection: When two surfaces—one hot, the other cold—are separated

by a“thick layer of air, moving air currents (called convection currents)
are established that carry heat from the hot to the cold surface.

v

RN
! Insulatic

Convection

Insolation *

i Conduction

Conduction: Heat will flow through any material, the rate determinc
by the physical characteristics of that material. This heat transfer i
called conduction. Copper is an excellent conductor of heat; insulatin
materials are poor conductors. ' .

* Insolation -is the rate of solar radiation received per unit area.

.-a-t-u’
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radiation is absorbed by the plate and picked up by‘the fluid (air, water,
or other liquids) passing through the channels in or against the plate.
Some of the radiation is reflected off the platé back to the cover -- how |
much depends.upon the absorbing and reflecting charécteristits of the
coating on the éollector plate. The better the absorbihg quality, the more
radiation captured; the less reflected back to the cover. Special coatings
have been developed which are highly absorptive with low reradiation. Don't’
be turned off by a collector plate because it is black or a dark coior;
dark colors absorb radiation much better than light colors. Conversely,
you can't always tell by the color whether the coating has the desired
selectivity characteristics.

Within the house the heated fluid passes through a Stofage unit
in which heat is stored for night time and cloudy days. Storage units are
a large tank for water (convenient, inexpensive, low maintenance), rocks
(moré space neéded, no maiﬁtenance) or special salts (must be replaced
periodically, least amoﬁnt of space, expensive). Despite its limitations,
water is at present the most practical method for storing heat from liquid
type collectors. During the day solar heated liquid warms the storage
material. Once charged, the storage can provide 3 or 4 days of heat without
additional input. Note in the diagrams on the followingApuge that the col-
lector fluid warns only the storuge unit. lousehold heat and hot water are ‘

provided by heat exchangers in contact with the storapge material. Note also

that both systems provide for conventional sources of heat when necessary.

Electrical Generation

-Conversion of solar energy to electricity is an attractive idea.
We have -a lot of one and need a lot of the other. It has been estimated
that the present electric demand could be supplied by solar energy plants
having a total area of about 2,000 km2 or about 2% of the land area now
devoted to roads. )

' Direct conversion of sunlight to electriéityiis possible with .
photovoltaic cells. These are the light meters commonly used in photography.
A typical cell consists of a thin layer of Silicon doped with Phoéphorus in
contact with a layer of Silicon into which Boron has beenfintroduéeé. The

Phosphorus doped layer has electrons which can be more easily induced to move
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around than those of pure Silicon and is called an n-type (negative) crystal.
The Boron doping leaves an excess of spots for electrons to fill and is

called a p-type (positive) crystal.

Short Wavelenpth

' Radlatlon
< <:4‘1 §§5§ ‘éffg

External ‘ n - type

Circuit
l\'\]
7

Sunlight falling on the n-type layer is .absorbed by electrons

D - type

which thus are given energy to travel. Since there are an excess of holes in
the other layer, a net flow of electrons between the layers is created by
connecting them through an external circuit. Photovoltaic cells are thus
self contained sources of electricity. _ '

It is, however, electricity at a very low voltage, so that a 1arge
surface area is required for practical power output. A need for extreme
purity in the Silicon and for a pure crystalline structure when combined with
the need for great precision in the addition of doping méterials results in
a high price. There is a great deal of research going on into both reduc1ng the
costs and increasing the efficiency of these cells. ' '

Photovoltaic cells are projected as a reasonable way for homeowners
to supply their own electricity one day. 1In facﬁ, since the peak demand for
power is on hot sunny days in mid-summer, when solar energy is also at a peak,
sucH units could feed into the utility when most needed. A physicist, Dr.
Karl Boer, of the Institute of Energy Conservation at the University of Del-
aware, estimates that electricity costs for home units would be 2 to 3 cents
per KWH. Utlllty rates are currently in the 3 to 5 cents per KWH range. A

Slllcon is the second most abundant material on earth the major
ingredient is sand. Supply is no problem. Solar cells do not create any
environmental probiems to speak of, especially if roof-mounted. They give |

every hope of being practical, benign generators and soon.
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Solar 'Space Heating and Domestic Hot Water
Typical fiuid solar system

> Hot Tap Water
A
P . -
' Cold Tap Water
c | : "4
f————
) Hot
S Air
Heat ' Duct
Storage - L,
- C (Hot c
Water) -
D.
A, Conventional water heater .
B.. Conventional furnace B

C. Heat exchange—liquid to liquid
'D. Fan coil heat exchange—liquid to air
P. Pump ’

Typical air solar system

Hot Tap Water

B A
Hot
) C Air
Cold tap water "1 Duct -
- g Cold

> Air '
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' Heat Storage
{Rock Bin)
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. Conventional water heater
. Solar hot water storage’
- Air to liquid heat exchange
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. Conventional furnace
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Large scale production of electricity from sunlight_depends'on
the Solar Thermal Conversion schemes, which turn light to heat and use the
heat to produce electricity conventionally.. One type will consist of a
receiver - a boiler mounted on a tower - and a4coiiéctihg field of mirrors
which focus the radiant energy on the tower. ‘Foéusing requires that the
mirrors track the sun, a complex‘and expensive business. Buﬁ an enormous
conceﬁtration of energy, as much as 1000 times the normal.insolation,'cén
be achieved. 1In the French Pyrennes a solar furnace of this aesign,:used
for high temperéture research, can produce temperatures as high as 6000°F.
Thié heat could be used to produce supersaturated steam tb run turbine gen-
‘erators, as in conventional plants. A major disadvantége of this central
receiver plan is that it reqﬁires full sunlight and a-huge amount of land.

-A differenf system.uses sophisticated flat plate collectors
feeding their heﬁted fiuid to a central storage'ﬁnit. Parabolic trough
concentrators have a parabolic cross section which foguses the suhlight on
a pipe‘ carrying the heat collecting fluid through the trough. These do not
fequire tracking, can use diffused light and are thus less troublesome
than centrgl receivers.: Thé distributed collectofAsystems collect’less
energy than the central, leading to a lowered effiéiency,at the genefator

.end.. They too need large areas and share the importantAdifficulty'of energy
storage. The sun doesn't always shine. Solar Thermal Conversion plants are
designed for eventual utility size géneratioh of power and will need'sﬁb—
stantial breakthroughs in energy storage before they can be but into use on
any reasonable scale. ) .

| Between roof top flat plate collectors, photovoltaic éélls, and
STC planté, solar‘energy has both immediate dpplicability and'fufure_pos—
sibilities. If you include the concept of a Solar Satellite Powér Station
beaming captured sunlight as microwave energy yoﬁ‘cﬁn envision Qery.long
term schemes for utilizing'this very attractive energy sburce for our ex-

pahding‘needs.,

Wind Energy
Wind is caused by the uneven heating of the atmbsphere'(the air
around the earth) by the sun. Like the air over a hot stove, air heated by

the sun expands and rises. Cooler surface air then flows in to takeé the
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heated air's place. . This process is called circulation, Two kinds of cir-
culation produce wind: 1) widespread general circulatioh~eXtending around
“the earth, and 2) smaller secondary circulation. . Winds that occur only in
one place are called local winds. - . .

General circulation occurs over large sections of‘the earth's sur-
face. It produces brevailing winds. Near the equator, heated air rises to
about 60,000 feet. Surface air moving in to replace the rising air prbduées'
two belts of prevailing winds. These belts lie between the equator and a-
bout 30°.north and south latitude. The winds there are called trade winds'
because sailors once relied on them in sailing trading ships.

Secondary cirgulation is the motion of airbaround relatively
small regions of high and low pressure in the atmosphere. These regions
form within the larger general circulation.. Air flows toward low-pressure
regiohs,called lows or cyclones. Air flows away from high—pressure regions
called highs or anticyclOnes; As in the general circulation, air moving
toward the equator moves in a generally westerly diréption and air mdving
away from the equator moves in an easterly'direction.. As a result, seéondary
circulation in the‘Northerp Hemisphere is clockwise ardund a high and counter-
' clockwise around a low. These directions are reversed in the Southern Hemis-
phere. j ‘ '

Secondary circulations move with the prévailiné winds. As they
pass a given spof_on the earth, the wind direction chéngéé. For example,

a low moving eastward across Chicago prgduces winds thatishift from southwest
to northwest. A |

Local winds arise only in specific areas on.the>earth. Local winds
that result from the heating of land during summér and the cooling of land
during winter are called monsoons. They blow from the ocean during summer
and toward the ocean during winter. Monsoons control the climate in Asia,
producing wet summers and dry vwinters. A warm, dry, local wind that blows
down the side of a mountain is callea & chinook in the western Unitgd States

and a foehn in Europe.

Wind Driven Generators

Modern wind.driven generators extract energy -from the wind and

convert it into electricity. A complete wind dri#en system consisté of'a;
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. 1) tower to support the wind genératof, 2) the propellef and hub system, 3)

| the tail vane, L) devices regulating generator voltage, 5) é storage-system
to store power for use during windless days and, 6) an inverter which converts
the stored direct current (D.C.) into regulated alternating current (A.C.)

if it is required.

STAND
BY

— INVERTER
voLTac] - CONTRO
REG.
BATTERY BANK
o{o
0| @
c

2104 A

HG1
. IN TH1S SYSTEM, THE WIND DRIVEN GENERATOR CHARGES A BATTERY BANK,

from.which DC power is taken directly for use or inverted, making AC for appliances -
like T.V.. and radios. Excess power runs a heating storage system.

, Wind pressure turns vanes . or propellers attached to a shaft. The
revolv1ng shaft, through connections to various gearc and mechanlca] or hy-
draullc coupllngs, spins the rotor of a penerator.- The generator creabtes an
electric current which could be used directly or stored in battery banks.

The power output of a wind machine depends both on w1nd velocity

(or speed) and on the’ dlameter of the blades, For maximum power, & wind
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machine should have the longest blades possible (about 100 ft. is the max-
imum now) and should be located in the strongest winds. The height of the
wind machine is another important factor because there is greater wind speed
and constancy at higher altitudes than at the earth's surface. The expense
of building a tower also increases with its heighﬁ, however, in that most
present designs call for a tower between 100 and 150 feet high. '
There are a number of US sites where large'emounts of wind energy
are availahle: the Great Plains, the eastern foothills of the Rocky Moun-
tains, the.Texas Gulf Coast, the Green and White Mbupteins~ofANew England, the
continental shelf of the northeastern United States, and the Aleutiaﬁ Islands
off the coast of California. Among the schemes for ueing wind power are
construction of a grid of wind machines at half mile or ﬁile intervals ihroughe
out'the Great Plains area. Such a system could produce 190,000 Mw of ihstalled
electrical eapacity, roughly half of the US total in 19T71. Also_probosed is
an offshore scheme in which the winds would be used to electrolyze water into
hydrogen and oxygen. The hydrogen could then be piped to shore or brought .
in by refrlgerated tankers. | . '

Small-~scale schemes may also continue to prove promis1ng A ten
foot rotor could provide enough energy for anlall—electrlc single family.ﬁome
in many parts of the US. Another option, too; would be‘to tie into, or re-
main tied into the existing utility line, switching to central-station power
when the local generator is down or inadequate. Modern'"homesteaders" are
still finding wind power an economical alternative to having the'nearest ‘
pover company run lines out to their remote areas, and & number of coﬁpanies
are now producing wind electric generators designed'for home use. |

For ell its antiquity, wind mechine design is a new challenge te
Americaneengineers and several exotic designs have already appeared. Among
these are the "Sailwing" (developed at Princetenlend scheduled for production
by GrummanFCorp ) whose blade deforms in the wind and is therefore self- -~
oriehting. A prototype 1s already in operation 1n Indla. Also under de-
velopment are several vertical axis de31gns which are not dependent on w1nd
direction. ' ‘ ‘ .

There ere 8 number of advantages of wiﬁd poﬁer; There is no fuel
cost. In addltion wind power is continuously regenerated in the atmosphere

under the lnfluence of radiant energy from the sun, and thus ‘is a self-
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renewing source. of power, does not release pollutants/poisoﬁs'to the envir-
onment, and conserves nohrenewable resources. However, ﬁhefe are a number
of factors which.limit its.immediatevuse. The initial cost of building the
machine is high. A stofage system for days.of no wind can be expensive. De-
pending on location of the windmill, care must be teken for»high‘winds, low
temperature (ice forming on the blades),'and structural dynamics betﬁeen the
tower and the revolving blades. Wind variability also effects the outpuﬁ
frequency of the generation. Since standard US power netwbrks require con-
stant frequencey (60 cycles per second) and Alternating Current (AC), scme
means for regulating the frequency is needed. While constant-speed drives
or converters are available, they add to the expehse. Finally, a major
drawback is land use. Although a single machine‘does not -occupy much space,
a giant grid of them complete with power lines would have aesthetic draw-
backs, but wind harvesting should be compatlble Wlth other uses of the land

such as pasturage and farmlng.

Biomass

| Biomass is the term for organic material other than fosgil fuels.
Plant or animal matter has. stored chemical energy by yirfue of_the process
of photo {or chemical) synthesis of protoplasm. Only 0.1% of the incident
solar energy is converted to biomass and only 2% of the biomass produced is
.ever used. Half, or 1%, becomes food and feed, the other 17 is used for
fuel and fiber. It is hoped that through improved ﬁrocessing and new tech-
nology as much-as 40 times as much solar energy (4%) can be utilized.

Though it is'a tiny fraction of the sun's energy, biomass has in
the past provided humanity with 987'of the energy used. “About 100 years ago,
90% of the energy in the US came from biomass (including wood and. that blomass
which became our fossil fuels). Today it still supplies 75%. In developing
nations 2/3 of their energy comes from wood, agricuitural residue and dry
animal wastes. Often, improved combustion methods make more efficient use
of these renew&ble, inexpensive and readlly available fuels.

‘ To appreciate the erergy supplied by biomass one needs to look at
the efflclenc1es of blomass systems First, 99% of the 1nc1dent solar energy
is lost .to the green plants by reflection and evaporatlon. Of the 1% absorbed‘

energy about 75% is converted to biomass and is availble as food for herbivors.
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. BIOMASS PRODUCTION AND CONVERSION

About half is actually consumed. The result is that only 0.5% of the solar
energy falling on a field is eaten and passed down the chain. Once eaten,
10% of the energy is utilized to form meat protein. The following schematic
shows ‘\the efficiency of plants in capturing raﬁiant energy and the losses as’

it is used in food.

Predator HI!I,()(K)I\CM Praxdaine 09 ihe

359,000

280.000 . T : ;
Cow Cow 2 ths . (o] 704,000
keal
Grass
1 7.5 Mitlion keal Girass Plants H400 Lbs Cirann Pants S B Mihion
[ -
) S()lnr‘F,umqy ;
] 1 Billion keat - 1
fom e - b
PYRAMID OF ENERGY PYRAMID OF BIOMASS PYRAMID OF NUMBERS -

"THREE KINDS OF ECOLOGICAL PYRAMIDS BASED ON THE FOOD
CHAIN OF A 1 ACRE FIELD OF GRASS OVER 1 YEAR. PYRAMIDS
OF ENERGY AND BIOMASS ARE FROM GRASS/COW ECOSYSTEM
DESCRIBED IN TEXT. PYRAMID OF NUMBERS IS FROM DATA
PRESENTED BY ODUM 1971 (REF. 8), WHERE: C-1=PRIMARY
CONSUMERS (HERBIVOROUS INVERTEBRATES); C-2=SECONDARY .

 CONSUMERS(CARNIVOROUS SPIDERS AND INSECTS): C-3=
TERTIARY CONSUMERS (MOLES. AND B!RDS).

Even at these low efficiencies enormous amounts of enei'gy are
available. To convert biomass into units of energy so as to compare it with

other fuel sources; it is estimated that one gram dry <weight of organic matter
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is equivalenﬂlfo‘h;s Kealoriés o£ ihOb—lTSd Kecalories/per pound, which is
5500-6900 BTU per pound. When laréer masses are converted, one metric ton
is the equivalent of 1.25 barrels of oil, 1200 cubic feet of gas, or 750
pounds of coal. The table on the following Dage provides the ehergy'avaii—
able in a wide range~of»ﬁaterials in the biomass - both the readily replace-
able and the long range replaceable._ 4

We need to know how much of this energy is actually extracted by
various conversion processes. What would be the sense of selecting a less
‘gfficiént process, assuming all other factors are the same? To give in- .

formation on the efficiencies of certain biological and mechanical systems,

-

the table below is included.

% Lfficiency . !
of To To
i ) Process  lcat Electricity
1 BASIC PHYSICAL CONVERSIONS
A. STEAM -* MECHANICAL ENERGY 10-30
3. MECIHANICAL > ELECTRICAL . Hi
Co STEAM “* ELECTRICAL o Axli=R 25
Efficiences of Solar . - u. SOLAR -MECHANICAL, CONVERSIONS
i A. LOW TEMPERA TURE S()!.Al( i
Energy‘ Convers on : - b Sola encrgy =Y hot water 240
Systems: Comparing BTG TEMPERATURE SOLAR -
The Biological With ’ 1. A\:ulav heaters, coonkery, refleciors 50 Ri)
. 2. Solarreflector = stcam 40-60
The Mechanical. - LT alove K75
4. Solar > stean > electricity . 315
C. \OIAR“’III( TRICITY (l'HOr()(,lllg)
.Cadmium sulfide 5
. Cas . : 2. Sili A
* Not including process b Wi o1
heat. o . 1. Wind = mechanical - 44 . A
: 2. "I-B” above ’ : RO
3. Wind =* mechanical = clectrical . " " 35

Hi. SOLAR - BIOLOGICAL CONVFRSIONS
" AL FOOD CIIAINS
1. Solar energy = plant chemical energy  0.3-3.0

2. Plant energy —* herbivore energy 5-10
3. Herhivore =* carnivore cncrgy . 515
B. WOOD .
. 1. Solar encrgy =* forest wood . 0.5-3.0
. 2. Wood = heat (steam) T 60RO
3. "1-C7 above R2S
4. Solar =* steain = electrical LR
C. BIOGAS (DIGESTION)
1. Solar = plant ’ 33,0
2. Rinmase =* hingas® . ' 40-70
T30 Biogas s hear . . = ’ 75
4. I!iu;yis = heat = mechanical T25440 - *
5.1 abave ’ . {3
6. ()rgnm wa\lc *electricity (via Inngu) 02..5
- D. ALCONOL (DISTILLATION) ‘
1. Fruits, grains *cthanol | 75
2. Wood ~* ethanol : ' 65 .
3. Biomass waste = mcthanol 55 -

TABLE IV EFFICIENCIES OF SOLAR ENERGY CONVERSION SYSTEMS:

COMPARING THE BIOLOGICAL WITH THE'MECHANICAL

_*Not including reacecs hear__
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Energy Values of Véridus Fossil Fuels and Biofuels

SOLID LU GAS

) kcallg BTU/I  B8Tu/gal - Brug?
FOSSIL FUEL
COAL
Bituminious 9.2 13,100
anthracife 8.9 12,700
lignita L4 6,700
COAL COKE 9.1 13.000
CRUDE OIL 18,600 138,000
FUELOIL - : 18,800 - 148,600
KEROSENE : 19,810 135,100
GASOLINE 20,250 124.000
LP-GAS ) 21,700 95,000
COAL GAS : . 450.500
‘NATURAL GAS IMethsia) 21,500 75.250 1050
PROPANE . 21,650 (92000 2200.760p
BUTANE 21,250 102,000 2900-3400
BIOFUELS
CARBOHYDRATES , .
sugar 3.7-4.0 5300
starch/celiislose a.2 5800
lignin ' 6.0 8300
PROTEIN
giaih/lcgurﬁg 5:7.6.0 8050
vegetable/fruit 5.0-5.2 7025
aniimal/dairy 5.6-5.9 7850
FATS
animal 9.5 13,100 -
vegetable oil 9.3 12.800 .
MICRO-ALGAE 5.0.6.5 9500
W0oD C
oak, besch 4.1 5650
pine 45 6200
all woods T 4.2 5790 i
BRIQUETS 8.1 11,500 -
ALCOHOL : S _ :
methanol . - 8600 67.000 -
ethanol ' 12,000 95,000
BIOGAS (60% CHzi : 600-650
METHANE ‘ 21,500 75,250 1050
MISC. “WASTES"
municipal organic féfuse. 2.8-3.5  4000.5000
raw sludge’ 2763  3700-7300
digested sludge 2,750  3800-6900
‘paper . 55 ‘7600
glass 5.6 7700
leaves 5.2 7100 .
dry plant'bidmass 5.6 8000
MISC. ANIMALS
insect 5.4 .
.earthworm - 46 - . oo

mammal ~: . @ ... §2.

S-15



In the US, the Biomass Pfogram has two separate approaches. One
aims at increasing the recovery of resourcés from ufban, municipal and in-
dustrial wastes. The other concentrates on the development of sources of
biomass energy as yet relatively untapped. These areas include land and fresh
water "Energy Farms" along with a promising source called Ocean Energy Farming
or Aquaculture. In both,Aplantslare grown for their use’as biomass sources of

more useful forms of energy.

6

dry tons of organic wastes
12 pry)

of energy total. Most of this waste is in the forms of manure and paper.

Each year the US produces over 880 x 10
which is equivelent to 10 x 106 BTU per metric ton or 9Q (a Q is 10

With today's collection and processing methods about 16% can be reclaimed.
The processes used to convert the biomass and/or organic wastes are: 1)
direct combustion, 2) pyrolysis, and 3) anaerobic digestion. A

Direct Combusion in utility boilers can yield 4000 to 5000 BTU per
pound as an additive'to coal. ItAcan replace as much as'lQ% of the coal .
presently used. This is now practiced in the Merrimac Plant near St. Louis,
Missouri. At a rate of 27% mix of waste with T7% coal a combustion efficiency
of 98% resulfs. In this way waste ié tﬁrned into éheap'électricity..
) ' ‘Pyrolysis is the burning of organic wastes in the absence of air
at 200°C - 900°C and STP¥. The results are oil and gas which can then be
burned as fuel. For each metric ton processed the oil produced yields 4.8
X 106 BTU, an efficiency of 16%. The gas produced yields_S;S X lO6 BTU'

per metric ton processed, for an efficiency of 55%.

Anagerobic digestion is a biological process'which.convérts the
carbon fraction of the biomass to other compounds, releasing the trapped
- energy. This is the "Small Technology" process used in developiﬁg nations
and on some small farms in the US. _ - 4
' There afe two étages to this digestion._.First'stage—complex organic
materials are acted upon by acidogenic (acid forming) bacteria to form;fafty
écids,~glycerol, sugar compounds which‘are in turn acted'on by enzymes to
form lower alcohols, acetic acid and carbon dioxide. The second,étége'is the

one in which methanogenic bacteria act on the waste to form methane (CHh)
¥ STP = Standard Temperature and Pressure.
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and CO,. This second stage can be accomplished by means of a "Lower

Technology Conversion" or mesophylic phase which occurs in a digester or air
&y n- or mesopnyilc phase wilch Lln & digester

free pot at 30° - 40°C and yields methane gas after about 30 days. It can
also occur under "High Téghnq;ggy Coqygfsigg" at 600C apd produce methane
after 2 or 3 days, The h§§§iég value of methane is about 500 - 8OO-BIU/ft3.
This type of small digester Qpér@tiqp could supply the cooking fuel for a
family of 6 - 8 people, | -
| Ocean E@@#sx Farming is being studied off the coast of Sen Diego,
California under the sponsorship of ERDA and the US Navy. They are growing
kelp as the hiomass and have had very favorsble yields. An idea of the energy
available from an acre of grain or woodlot can be obtained from the following
figure. . ' |
The use of biomass to supply some of our energy needs not only takes
into account the vast plant resources of the earth but also alds us in re-
ducing the problems associated with disposal of waste. Digested organic
wastes provide combustible gas and vgluéblé fertilizer. Ufban wastes help
fuel electric generating plants and cut down on the need for land fill. Pol-
lution of ground and ocean vater by orgenic wastes is eased and small farms
can be made less dependent on imported fuel. Recycling is an automatic part
of the use of urban yastes as fuel and the drain on resources can be al-
leviated. None of these processes is terribly difficult to engineer and the
end result of none is harsh on the environment. Biomass is a ?;acticgl way to

recover some of the incident solar energy.
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Park, California, 197.4.

Microbial Energy Conversion, United Nations Instltute for Tralnlng and
Research (UNITAR) and the Ministry for Research and Technology of
the Federal Republic of Germany (BMFT), April - May, 1977. '

Solid Waste as an Energy Source for the Northeast US, P.M. Meier and T.H.

McCoy, Brookhaven National Laboratory, Report #50559, Upton,
New York, June, 1976.

* A source for National Science Teachers Assoc1at10n Energy Factsheet #19:
Alternatlve Energy Sources: A Bibliography".
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A IOT OF HOT AIR

Heat Energy

Objectives

The student should be able to:
a) Demonstrate  the conversion of light energy to heat energy.
b) Investigate the effect of color on absorbtion of light.

c).Describe the effect of insulation on convection'losses.

Overview _

Sunlight passes through the transparent walls of a greenhouse be-
cause it has a relatively short wavelength. When the absorbing background
radiates the energy back it is in the form of much longer.Heat waves. Glass
reflects these long wavelengths, trapping the energy and raising the temp-

. erature of the air inside.

Heat can be lost by conduction through the walls, etec., or by

convection if the warm air, rising, can escape.' Insulation reduces both of

these sources of heat loss.

Materials

Student activity sheets Seissors

Ring stands with clamps . Heat lamps

paper cups, 6 oz. ' Black construction paper
Thermometers Scotch tape

Plastic wrap ‘ . Aluminum foil

8 oz. styrofoam cups . Cotton batting

rubber bands

Strategy
Set up 2 ring stands and affix the thermometer up right with the

clamp. Leave enough room to be able to put a cup under the thermometer with-
out moving it. It should be low énough that it will be registering the
temperature inside the cup. '

Place a heat lamp so that it is equally distant from each thermometer.

Do not move the heat lamp or the ring stands after this !1!!

4.
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Part A - CoveringA

Place a paper cup so that the thermometer is well down.in each
cup. Cover one cup with plastic wrap. Hold it on with. 2 rubber band. Record
the témperature in each cup next to time 0 on the data table. Now turn on the
heat lamp. ' 4

Record the temperature on each thermometer every 60 seconds for

10 readings. Graph your data.

Questions:

1. What form of energy is.the lamp providing? Light energy

2. What form of ehergy does the thermometer measure? Heat energy

3. Why should the lamp be equally spaced from the two cups? ' To provide

the same amount of energy to each cup.

4. What difference does the plastic cover meke in the air temperature

inside the cup? Answers will vary. The covered cup will be warmer.

5. This is called the Greenhouse Effect. How is a greenhouse useful to

farmers in the North? They can grow things when the'veather is cold,

giving them a longer growing season.

6. How do windows on the south side of a house help -heat it in the winter?

Sunlight enters the house and is converted to heat, while the cold air is

kept out. You should also point out that windows»do a poorer Jjob of

insulating than walls and so should be covered when there is little or

no sunlight in the winter.

Part B - Background Absorber

Remove both cups and iine one cup with black construction'paper.
Replace the cups around the thermometers and cover Egzg_wifh plastic wrap.
Record the temperature in both cups and then turn on the heat lamp.;'Record the

temperature in each cup every 60 seconds for 10 readings. CraphAyour data.

Questions:
T. What difference does the black background make in the air temperature?

The air is hotter with a black background.

8. Which color is a better absorber of iight? Black

9. What color would you expect the background of a solar hot water collector

system to be? Black
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Notes to the Teacher

If you have small thermometers which do not tip over the cups you

can dispense with the ring stands. Paper cups are reeommended in order to
isolate the factor of insulation. Cotton batting is available in a roll frem
drug stores. | N ' .

In each section of the activity just one factor_is differeﬁt between
the cups. Students may or may not recognize that the best'arrangement is

used in. the next section.

Extension Activities
‘ ' Use sunlight instead of heat lemp. It's slower but less art1f1c1al
. if your aim is to lead into the use of solar energy. '

Use silver metal cups instead of paper. There will be a more dram-
atic change in temperature when you insulate.

Use glass plate instead of plastic wrap to s1mulate the glass green-
house and show that it is more efficient than the plastic wrap. In thls case
the thermometer is pushed through the side of the cup and sealed with clay.

| Build a solar collector by using any relatlvely flat box, lined
with black paper or painted black, and covered securely with a transparent
lid. Simply put a thermometer inside and compare the inner with outside
temperature. You can then run experiments comparing the angle of the incident
light with the increase in temperature. This last is an important factor in |

the placement of actual solar collectors.
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Student Activity Sheet

Name

funlight passes through the transparent walls of a greenhouse be-
cause it has a relatively short wavelength. When the absorbing background

radiates the energy back it is in the form of much longer heat waves. Glass
reflects these long wavelengths, trapping the energy and raising the temp-

erature of the air inside. The same thing happens when your car sits-in the

sun with the windows closed. This'phenomena is known as the greenhouse effect.

Part A _
1. What form of energy is the lamp providing?

2. What form of energy does the thermometer measure?

3. Why should the cups be equally spaced from the lamp?

L, What difference does the plastic cover make in the air temperature inside
the cup?
5. How is a "greenhouse" useful to farmers in the North?

6. How do windows on the south ‘side of a house help heat it in the winter? .

Part B

7. What differences does the black background make in the air temperature?

~ 8. ‘Which colof is a better absorber of light?

9. What color would you expect the background of a solar hot water collector
. to be?
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A. Covering

Temperature
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C. Insulation
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Conclusion:

In order toibest connect sunlight to heat, a solar collector should |
have certain features(_ List at least 3 features you would expect to find

in a good collector.
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IT'S TOO DARN HOT
A Shoebox Solar Collector.
Objectivés
The student should be able to:
a) Identify solar colleétor components. ' ‘
b) Observe the operation of a typical flét'pléte'solar collector.
c) Collect data from a solar collectér.

d) Investigate heat losses from the collector enclosure and absorber
plate. ’

e) Attempt to scale up experimental results.

OQerview

A flat plate solar collector consists of th;ee basic parts. The
collector encloéure, the glazing material and the absorber plate with'englosed
thermal fluid. In this experiment no attempt has been ﬁade to investigate
the function of .the glazing matérial.

The collector enclosure is nothing more than a rectangulaf caéing
and insulating materialvwhich houses the transparent covér (glazing material)
and absorber plate. The funcfion of the -insulating material is to reduce:
heat losses dué to conduction. ‘

The solar radiation passes through the transparent cover and hits
the absorber plate. Most of the radiation is absorbed by the plate and is
picked up by the fluid. The better the absorbing quality, the more radiation
captured and the less reflected back to the cover. The less the loss due to-
radiation and conduction the more efficient the collector.

The efficiency decreases as the temperature difference between the
environment and the absorber plate increases. The differences in temperatures
causes an increase in energy loss through conducﬁion and reradiation. Heat
always flows from a hot surface to a cold one. When an object is warmer than

its surroundings, it indicates invisible heat waves to the colder areas.

Materials .

Student activity sheets Masking tape - 1 roll

Shoebox (1/team) Graph paper - U4 sheets/team
Clear plastic wrap . Heat lamp and support - 1/team:
Construction paper - black and white Scissors -~ l/team

(1/tean) :
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Tubing clamps - 2/team Thermometer - 3/team

Insulation - fiberglass, newspaper Bucket - 1 gal - 2/team

Strategy

The experiment will take 2 to 3jperiods. One ﬁeriod to‘constfuct
the collector and l'tq 2 periods to collect all the data. ' ,

At the outset the teacher should determine whethsr the teams should
collect data from all parts of the experiment or collsct data only from one
bart and sliare with the remainder of the slass. The first'alternative will
require the greatest amount of time. The second involves the problem of
distributing data to all teams. ‘ '

A pre-lab period is not essential sincé the students will not use
all of one period constructing the collector. if no instruction has béen
given prev1ously on mechanisms of heat loss and graphing technlques, then
at least one perlod will be requlred

Fiberglass insulation works quite well in the collector. Try to
get 3" bats and have the students cut‘to fit their'box .Thicker bats are
hard to cut. The insulation should not be’ compressed when taped to the -
collector. _ '

Water spillage is a certainty. Provide toweling snd mops.

Use cold tap water to enhance dramatic effects of heating.

Too slow or too rapid a flow rate will effect the data. Adjust
to about 1 gallon/S minutes by changlng the height of the bucket above the
collector, or adjustlng the upper tubing clamp, . »

The teacher should determine beforehand whether his class can

handle qestions 6 through 9. These may not be suitable for all students.

Sample Responses

1. Probably the collector with black paper and insulation would give best
 data. It has best absorber and least heat loss.
Probably 20°C.
. Depends upon the flow rate.

2
3
4. Water has a higher specific heat.
>, Yes.

6

. Answers will vary.



Student Activity Sheet
A ' Name .

Date

A solar collector is designed to transfer “the radlant energy of the
sun to a thermal fluid. The radiant energy is absorbed by an absorber plate
and the heat energy is then collected by the fluid. To insure ‘that the heat '
energy passes into the fluid the back of the collector is 1nsulated thereby
reducing conductlon heat’ losses. \

You can determine the value of insulstion by comparing the perfofmance
of the collector with and without insulation material; ,

- You can also determine the value of absorber plates by comparing the

performance of dlfferently colored plates.

Materials .

Shoe box - ‘ Heat lamp and,sﬁpport

b ft tubing (plastic or rubber) Scissors

Clear plastic wrap A o Tubing clamps (2)

Construction paper - black and white Thermometer (2)"'

Masking tape B ' . , Insulatiqn - fiberglaés, nevspaper
‘Graph paper (L sheets) Bucket (2) A

Procedure

l'., Make two hoiee in one end of the box.
2. 'Thread tubing through the holes and c011 tublng in a 21g-zag pattern on.
the bottom of the box. Tape in place Tublng should- extend from box
' in two equal lengths. ‘ ‘
3. Make a small hole in the opp051te end of the box w1th a pencil for the
" thermometer.
4. . Cut white and.black construction paper to fit over the coils. Leave the
white in place. ' ' -
5. Cover the top of the box with clear plastic’ wrap. Tape if needed.
6. Connect one tube to a bucket held above the collector (about 1 foot).
Place the other tube 1nto the second bucket .Water flow1ng from the

upper bucket will be collected in the second
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11.
12.
13-

Initial Temperature of water (Te)

Ambient Temperature of air (Tair)

Time (Minutes) 0 ]2 2. 3 N 5 1.6 71 8 9
Intake Temperature ' '
Coliector Temperature

Outlet Temperature

Place the lamp approximately 8 - 12" from the collector.
Fill the upper bucket with water (be sure clamps are in place).
Record the initial temperature of the water on the data sheet.

Allow the water to rum through the collector fairly slowly so ‘that the

bucket empties in 4 to 5 minutes.
Measure the alr temperature outside the collector. -
Measure the temperature inside the collector every minute.

Measure ‘the temperature of the outlet water (in the lower bucket) every

g———&mlight source :
o r— Thermometer
/, ’l II v \\
] -] €—Intake
Thermometer ' Cf E < — | A

L_> e : . ? _ i— Tubing clamps
’ - % ~ rThermometer
V) 4

.Solar Collector ——-T o : bﬁ-(——@utlet

Data Sheet

minute.

]

. Plot on a graph the (a) intake temperature/time, (b) collector temperature/

time, and (c) outlet temperature/time.

B.

Using the same setup, cover the bottom and all sides cof the collecﬁor

with insulation. Tape firmly in place. If newspaper is used as insulation,

use at least 15 sheets.

Repeat steps A-9 through A-13.
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. _ Data Sheet

Initial Teémperature of water (Te)

Ambient'Tempereture of air (Tair)

Time (Minutes) _ 0 1 2 - 3 ) 5 6 7 8 9

Intake Temperature

Collector Temperature

Outlet Temperature

Plot graphs for (a), Tcollection/time and (b) Toutlet/time and (c)Tintake/time.
C. Replace white construction paper with the black paper. Remove all the
insulation. Repeat steps A-9 through A-13. Make data sheet as above..

D. Cover the bottom and sides with'insulation; ~Leave the black construction
paper in place. Repeat steps A-9 through A-13. Mske data sheet as above.
Plot graphs for (a) Tcollection/time and (b)Toutlet/time. A

E. Questions - ‘

1. Which collector design was most effective in raising the temperature of

the water? Explain why.

2. What was the greatest rise in air temperature?

3. What was the greatest rise in water temperature? .

L, Why didn't the water temperature rise as much as the air temperature?.

5. Does insulation material add significantly to the performance of the

coileetor?

6. Calculate the heat transfer rate using the flow rate:
heat transfer rate = (flow rate) x (TO -7
T
o
flow rate = weight of water / time. (100ml = 100 grams)

1)

outlet temperature

iniet temperature

I

7. Compare the heat transfer rates for the four parts of .the experiment.
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8. Calculate the area of your shoe box. Scale up your calculations to show

the heating rate with a collector having 32 sgqg. ft. of absorber area; '
i.e., one that might be used on your home. »
9. Calculate the amount of solar energy collected during one hour of op-

eration by multiplying the heat transfer rate by 3600 seconds/hour. -

Extension Activities

From the wattage rating of the lamp and the length of time it is
used, calculate the energy provided by the lémp- Next determine the total
energy absorbed by the water. From this data, determine- the efficiency of

conversion.
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COOL, MAN, COOI,

Law of Cooling

'ObJective
" The student should be able to:
a) Graphically represent cooling rates.
b) Cdlculate cooling rates. .
c) Demonstrate the effectiveness of 1nsulat1ng materials in re-
duc1ng heat loss. .
d) Understand sources of heat loss from his homé.
e) Understand the three mechanisms of heat loss;
Overyiew

Heat loss occurs by conduction, convection'and~radiation. In the
special case of a house, heat loss is due to the environment, whose tempera-
‘ture is called the ambient temperature. | ' '

The heat loss due to radiation occurs because heated objects glve
off a very low energy, long wavelength electromagnetic energy, that depends
upon the temperature of the obJect. As the object's temperature increases the
total energy radiated increases in proportion to the fourth power of the |
‘temperature (°K). The main way to reduce radiation is to reflect it back to
the source. | l -

' The loss of heat' energy by conduction is characterized as the flow
of heat through molecular collisions of heeted_molecules.with cooler ones.
It is .supported bj matter in contact with a source of heat. To reduce this
loss the molecular collisions must be reduced. The lower the density of the
insulating material the greater the space between molecules and therefore the
less heat loss due to conduction.

The convection of heated air away from the heated object is‘the
third mechanism of heat loss. This loss is supported by freely moving air in
contact with the heated object and can be reduced by restricting the movement
of air molecules or by eliminating or redu01ng the molecules between the heat
source and the environment.

The loss of heat of a heated object to its environment can be
plotted on a temperature-time curve, its cooling curve. The average rate at
which heat is being lost for any temperature or time can be calculated as
follows: A '



Average rate of heat loss = TO - Tf

Time
Materials .
Student activity sheets Graph paper - 1/student
Immersion heater or hot plate - 1/team Aluminum foil - roll/class

Container 250 ml or lSOml, glass - 1/team Scissors - 1/team

Styrofoam cover for container - 1/team ) Masking tape'—;rol]/class _
Thermometer - 1/team Insulation - styrofoam, newopaper
Tlmer - stopwatch - l/team fiberglass, etc

Strategy

‘Carefully go over the procedure with the class (l perlod) before
they begin the experiment. ‘Discuss heat loss mechanlsms Discuss the law of
conservation of energy and matter. _ - |

If the teacher wishes he/she may supply large quantltles of hot
water for the class to speed up the lab A large coffee urn might be used,
water temperatures should ‘be approximately 75 °c - 80°.

During the pre-lab session the teacher should ins truct the class
as to the team structure of the lab. Should each team attempt to perform all
four parts.of the experiment? Should o team perform only one part and aharr
resdlts with the other teams? The teacher's decision will determine whether
one or two periods are needed to complete the experlment

Allow one perlod for a post-lab session for comparlson of .data,

answerlng questlons and summarizing f1nd1ngs.

Sample Responses

1. A -
2. A cooled fastest.
3. a)A b) D

"

. Lack. of 1nsulat10n causes greatest heat losses due’ to conductlon, con-

vection, and radlatlon
5. Cooling rate would decrease but would not halve; .
6. Insulate attic, walls, floors. Attic most important since heat rises.
T. Answers will vary. Look for 75% reduction for top and less thah‘ZO%
for sides. . | ‘ | _ o o B .
8. (a) More important than (b) Generally (c) Gives best results.
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Student Activity Sheet
Name

Date

Law of Cooling
The relatlonshlp of the amount of heat a hot obJect loses to its
env1ronment and the elapsed tlme is called the Law of Coollng Insulatlon
is a material that prevents heat loss again.  The flow of heat is always 1n
the direction away from a hot object to a cooler object. A heated. house
always loses heat to the cooler outside env1ronment in the. w1nter The heat
flow is reversed 1n the summer. ‘ |
In this experiment you will find the general form of the cooling
curve for a heated fluid and explore several ways in which the rate of cooling
can be_reducéd.. The container will represent a house gnd the heated water

will represent the home heat source in the winter.

Materials

imﬁgrsion heater or hot plate ) Timer»— stopwatch

_Céntainer - 250 or 150ml, glass g Graph' paper

StYrofoam cover . o Insuiation

Thermometer ' - -~ Aluminum foil

Scissors. . . , Masking -tape

Procedure ' »

A. Set up equipment according to your teacher's instructions. Obtain 100ml

hot water. Record the initial temperature of the water in the uninaulated
container on'the data éhért,as time 0. (See data chart.) Measure the tempef;
ature of the water for each 30 second interval. Record on the data sheet,
starting at time 1 and ending'aftér 5 minutes have elapsed (total of 1L
readings). ‘Plot the results of your measurements on graph paper, using
temperature on the vértical axis and time on the horizontal axis (See Figure
#1). Connect the points with a smooth, free hand pencil‘iine. The curve you
obtain is called a c6oling c@rve.‘ "

B. AWrap thé containér in a layer of insuiatioﬁ.n Tape it securely. ABe
certain that you also cover the bottom of the container._:Obfain.lOOml hot’

water and after recording the initial temperature (TO) on the data chart



repeat steps A<k and A-5.
C. Wrap the contéiner first with aluminum foil and thepvwith a layer,of
insulation. Obtain 100ml of hot water and follow steps A;3,.A—h and A-5.
D. Using the same setup ds in Part C place a cover on the container and
repeat steps A-3, A-L4 and A-5 with 100ml hot water. ggzé;- with a pencii,

puncture the cover for the thermometer.

Data Chart
Time Part A Part B " Part C - ‘ Part D
Time Insulsated Insulated - Foil and Insulation With Cover
TO
1
2
3
in
2
6
.7,
Y
9 4
10
11
Highest Value —s |
-
Temperature 1 1 o S F}vure,#l,r

Lt

‘ Lowest.Value‘—a‘JF o .
. A+t
9

S
C 1 2 3 L's 6 7 8 91011 ‘
Note: Plot data from all four parts on ohe graph. " Label.each curve clearly.
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Discussion

In vhich direction will heat flow during the winter? (Circle one)

a. From the house(to-the environment.

b. From the environment to the house.

Calculate and liét the average cooling rates for each part of the experi-

ment.

a. Uninsulated container . ‘ o ‘ °¢/minute
b. Insulated container ‘ - - °¢/minute
c. Foil plus insulated container . . OC/minut¢'
d. Foil, insulated container with top = °¢/minute

In which part of the experiment did you find the:

a. Largest rate of cooling

b. Smallest rate of cooling

What do your answers to question 3 mean to you?

What do you thlnk would happen if the amount of insulation in Part D was
doubled°

_ Why not try to find out if your answer was right!!

Compare your container to your home. How could you prevent heut ldsses

from your home?

Héat loss in BTU/hour from a home or your experimental set up may be
Egg Y compared by multiplying the total area by a heat loss multlpller
The H. L M.- varles with the amount of insulation.

To determine the reductlonAof hegt loss in your set up (Part A and

Part D), a) calculate the surface area of the top of the container'(’ﬂre)

and multiply it by 16 (uninsulated) or 4 (uninsulated); and b) for the
sides, calculate the surface area (27 rh) and multiply by 13 (uninsﬁlated)

~or 4 (insulated).

a) s.a. of top x 16 . b) s.a. of sides x 16

d) s.a. of si-es x 4 =

c) s.a. of top x 4

e) reduction of heat loss; top (a-c) BTU/hoﬁr
f) reduction of heat loss; sides (b-d) : BTU/hour
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g) Percent reduction of hest loss; top (e/a x 100) BTU/hbur
h) Percent reduction of heat loss; sides (£/b x 100) BTU/hour

Discuss the relative value of 1nsulat1ng, a) Just the celllnp of your

‘house b) just the walls of your house ; c) or both ceiling and walls of

your house.
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‘Objectives

MAD DOGS AND ENGLISHMEN
Distilling Water Through Solar Energy

The student should be able to:

a) Define calorie, kilocalorie and distillation.
b) Set up simple apparatus to distill water.

c) Discuss the process of distilling water using solar energy.

Overview

The rate at which solar energy falls on earth in an average 24

- hour- period is 3770 kilocalories per square meter. - This varies everywhere

in the United States.

' A calorie is defined as the amount of heat necessary to raise one
gram of water one degree Celsiusr The Calorie or kilocalorie~iS'lOOO calories
and will raise 1000 grams of water one degree Celsius.

The purpose of this experiment is to evaporate (boil) water which.
will require raising the temperature to 100°¢ and supplying the heat of
vaporization which is 540 calories or .54 kilocalories. " This heat of
raporization is released when the water (steam) condenses. A simple pail or
bucket could{supply between one to two.liters of distilled‘water daily
depending on conditions. .
' Soler Stills and Solar Dryers ' .

Probably the oldest intentional use oflthe sun’s ability to~produce
heat came when primitlve man allowed pools of salt water to evaporate to pro-
duce salt essential to the human diet. This process is still in use, as is
demonstrated by the great salt works near San Franc1sco
Solar Distillation '

Controlled evaporation to produce fresh potable water from salt or
brackish sources is a much more recent development. The basic ideas can be '
traced back for at least a century. The first large solér still was built at
Las Salinas in' the Andes Mountains of Chile by J Hardlng 1n 1872 to provide
drinking water for the men and animals worklng in a copper mine. It vas nearly
an acre in extent, made of wood and glass, and it could deliver some 6000

gallons per day of pure water from a very bracklsh source.
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Its principle of operation is exactly the same as that of the many

stills which have been built in the past few years in Australia and on the

arid Greek islands in the eastern Mediterranean Ocean. The figure below
shows the general %dea of these simple devices. A water-tight compartment,
made of wood or concrete, is painted black to absorb the solar radiation
which enters through the glass roof of the still. Salt or brackish water,
or even sewage effluent, is allowed to floﬁ into the channel or box to a
depth of four to six inches. The 1ncom1ng solar radlatlon heats the water,
cau51ng some of it to evaporate and this condenses on the inner surface

of the glass roof.

Operatlng Principles of a Glass-covered Solar Stlll

Glass Cover
Condensate

Sun’s Rays -

Blackened Surface Scupper

"Fresh Water

Earth

AN

Since water will "wet" clean glass, the condensation takes place

- Concrete

in the form of a very fhin film which flows down by gravity into the séupper
which leads the condensate off to a suitable container. . Thé water channel
is insulated by the earth. After some of the water has been distilled off,
the brine which is left is flushed out at intervals. This prevents the con-
‘centratlon of salt from bulldlng up to the point when it will cover the
bottom of the stlll with reflective white crystals.

The product of such a still is distilled water which can be used
for drinking, for filling storage batteries or for any othcr purpose for
which pure water is needed. Attempts have been made to use plastic films as
stilllcovers, to eliminate the weight and cost of the glass roofs, but the
plastic films have nof'proved to be as reliable as glass. Most films are not

wet" by water and so the condensation takes place in droplets which tpnd to
reflect the sunlight 1nstead of transmitting it into the hasin. Al;o, few
films are completely resistant to deteripr&tion from the nltraviolet COMp-~

nent of the solar radiation. They'are really only useful in stills which arc
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expected to be used fof a short periéd of fime.

The figure below shows the desert survival still deviégd by R: D.
Jackson and C. H. Von Bavel of the Water Resources-Laboratory'in Pﬁpehix.
The kit includes only.a sheet of transparent.plastic and a tin-can,_sincé',
the other needed materials can be found in the desert. Even in the.dryest
earth.there is élways some moisture and it can be distilled out by creating
a heat trap, as shown below, by using a transparent plasfic cover; a rock
to weight the cover‘down in its center énd a can to catch the droplets of
moisture as they trickle down the inner surface of the plastic. This is
the desert version of_the ocean rescue still, develbped in 1940 by Dr. Maria
Telkes, using iqflatable plastic bags which, in an émergency, can be used ‘to

make drinking water from ocean water.

Desert Survival Solar Still

Plastic Film

Sun’s Rays

" Fresh-Water Collector.Can -

The article "Solar Stills. and Solar Dryers" is taken from Energy Primer,
Portola Institute, 197TL. :
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Materials

~ Plastic container, or bucket, about 1 liter volume
Plastic to cover and overlap container

'String to bind the plastic as a cover on the container :
A welght or stone -

A tumbler or small tin can that will fit inside the contalner

Strategy
Put about 3 cm of water in the'container and a tumbler in the

center of'fhe container. .

Place the overlapping plastic on the container and bind it to the
: sidés of the container making it airtight. i

Place a welght or stone on top of the plastic causing it to sag so
that the plastic is barely above the tumbler.

Place the container in the sun for a considerable time.

Observe that water»evaporétes and condensés on the plastic as
droplets. wh1ch run into the glass, in a continuous process.

. Repeat the experiment using chopped leaves, plants, or chopped
cactus in place of the water.

Repeat using salt water or brine.

Sample Responses

1. Emergency water supply - camping, etc. Large scalé fresh water supply
for towns. :Desaiting water.
Sun | A ' ‘

3. Use black background. Tilt the apparatus toward,the'sun, Rotate the

apparétus following the sun.
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Student Activity Sheet

Solar eneréy falls on the earth at an avérége rate of 3770 kilo-
calories per square meter. A calorie is the amount-df heat required to
raise one gram of water one degree Celsius. A kilocalorie will raise one
1000 grams of water one degree Celsius. ‘ :'.

‘ In this activityzwe will use solar enefgy to distill water. Dis-
tillation is the process of first heating‘a iiquid, and-then cboling_and con-
densing the resulting vapor: ' '

Put about 3cm of water in'the~containef-and a tumbler in the
center of the container. _ |

Place the overlapping'plastic on the container and bind it to the
sides of the container, making it airtight.

Place a weight or stone on top of the plastic, causing it to sag
so that the plastic is barely above the tuﬁbler; : »

Place the container in the sun for a consideréble time._

Observe that the water évaporates and condenses on the plastic as

droplets which run into the glass in a continuous.process.
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Repeat the experiment using chopped leaves, plants or chopped

cactus in place of the water. . Repeat uéing salt water .or brine.

Questions o -

1. List practical uses for using solar distillation.

‘2. Where»does the heat come from that distilled the water?

3. How could you make your solar distillation apparatus'work more

-efficiently.
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-HOT STUFF

‘The Principle of a Solar Furnaee’

Objectives
The student should be able to:

a) Use solar energy to produce high temperatures,

b) Set up a simple high tenperature solar apparatus.

Overview ' .
| When concentraﬁed on a small area, usually by the use of a lens or
a similar converging device, sunlight releases a tremendous amount of energy
and is capable of produc1ng very high temperatures '
This principle is utilized in France where a large solar furnace
is being built to produce temperatures of 6000 F. X '
This lesson is an examination of_the heating nower of solar'energy'

to see the possibilities of a Solar furnace.

Materials

Student aetivity sheets

3 inch magnifying glass

Fresnel lens (This is a 12" square plastic sheet obﬁainanie_from Edmunds
' Scientific Company)

Watch glass

Some’ strands of solder.

. Strategy ‘ .
Have the students place a drop of water in a watch glass and focus

the sun's rays on it with a 3 inch magnifying glass. After a short time the
water will boil.
Focus the rays of the sun on a sheet of paper with the 3 inch lens.

In a few secends the paper will scorch, smoke and burn.

Notes to the Teacher

Keep close control Students like to burn things with magnifiers,

including each’ other.

Sample Respbnses

1. Water - boils, solder - melts
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2.. It concentrates the heat energy in a small area.

3.
Sun

- .

— - ' Magnifying glass

g ,

=~ ) .
_ %\\\\§ Water or. solder
. <~ .

=

" Extension Activities

" For students who have studied chemistry and/orphysics:‘
From data taken from the above experiement including the mass -of
the 'solder, calculate the amount of energy, in calories, required to melt

the solder. AH=mxs x aT
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Student Activity Sheet

Neme

Date

In this activity you will use solar energy to reach very high temp-
eratures. . - '

Place a drop of water in a watch glass and focus the sun's raYs on
it with a 3 inch magnifying glass. After a short time the waﬂer will boil.

Focus the rays‘of the sun on a sheet of paper with the 3 ihcﬁ lens.
In a few seconds the paper will scorch, smoke and burn A

Place a thin strand of solder in a watch glass. Focus the sun's
rays on the solder with a Fresnel iens." After a minute the solder will melt.
4(The'heat of fusioh of solder is about 5 calories per gram. Sblder meltsAat
225°C or 437°F.) '

Questions

1. What effect does the magnifying glass have on the water? solder?

2. Why does the magnifying glass cause the temperature to rise?

3. Diagram the apparatus you used. Label your diagram.
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THE ANSWER MY FRIEND IS BLOWIN' IN THE WIND

Principles of Wind Power

Objecfivee :
The student should be able to:
a) Read a simple line graph.
b) Compare two graphs with wind speed data and propeller size.

c) Calculate the value of K in the formula P = KV3D2.

Overview
Principleshof Wind Power

The power available from the wind is a measure of how much and how

fast the wind energy is being made available to the windmill propeller. The

amount of energy is proportional to the kinetic energy of the wind

{(KE- = 4mv2), and to the ‘area swept out by the moving propeller normal to the

wind (A = g2 /4, where ‘d = diameter). The speed at which the wind energy

is being made available to the propeller. is proportional to the wind speed.

The power available from the wind is then proportlonal ‘to the product of

these three terms:
Po¢ (Ymv?)

a”) v

k-
k

From which: P°£v3d2.

The mass of the wind is usually considered.cohstant because the
density of the air does not vary appreciably over the operating ranges of
temperature, pressures, and humidity. o

The relationship given above, written in equation form (P—kv3d2)
is investigated in the accompanying worksheet. Note that this equatlon gives

the power avallable from the wind and not really the power output of the wind

machine as suggested in the worksheet. How the actual power output of a
wind machine follows the power avallable from the wind is a complicated
function of the total system design and operation. The d1scuss1on that
follows attempts to hlt upon the main ideas involved. ‘

A windmill propeller is designed dlfferently than an airplane pro-
peller. An airplane propeller is designed with a pitched surface so that it

screws itself into the air as a result of its rotation. A windmill propeller
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is designed like the wings of an airplane so that wind blowing past it causes

a differential in pressure on its two surfaces and results in a turning force.
Aerodynamie analysis has shown that the theoretical maiimum~efficieney of an
open air wind machine is 59.26%. This value is only for the conversion of the
wind power to rotational mechanlcal power exclusive of frictional losses in .
bearings and assuming 100% propeller efficiency. For the purpose of electrieal
power production, a well designed windplant can capture.about 35% of the wind.
power aVailable to it. These additional losses are due to gearbox and.
mechanical drive inefficiencies, electrical generator inefficiencies, control
and storage device inefficiences, and its operating characterlstics.

The operating characteristics of a large electricity producing wind—
machine is depicted in the graph at the right. Note that the available wlnd
powver is proportxonal to the wind speed cubed.. Because .of friction, a wind-
mill propeller will not begin to turn ﬁntil the wind speed reaches a cutfin'
speed Vcif This is typically of the order of 6 - 8 mph. From the cut-in speed
uplto the machine's rated speed Vr, the machine output follows the‘power '
available curve. The’difference is due to overall eystem ihefficiencies. A
machihe's rated speed is typically 10-18 mph. From the machine's rated.speed” )
up to a eut.outvspeed Veoe(typically 50 mph). The machine output is kept con-
stant. This constraint is due to thevnecessity for constant:generator speed
(to maintain constant voltage and frequency output). The spllling of the sur-
'plus pover may seem very wastefull, but it is not as bad .as it may seem at first
‘glance. While it ig true that the greater the wind speed the greater the sur-
plus power to be spilled, it is also true that the percent of the time & par-

ticular hlgh speed occurs is a type of inverse function of the speed In other

N ‘ -
Availeble Wind
Power o U3
8 , ' '
g Machine Output
I )
| )
. |
| |
i ] :
: i . L\ S
Vei. SV o Veco ]_
Wind Speed



words, high wind gusts being of short time duration, require a large power - _ ‘
spill_ing but only for a short time, hence not much energy is lost. The l
oberating range of an electricity producing wiﬁd machine is conéidered to be

from Vr to Veo. The numerical values of Vr and Vco are depermined by a cgmplex

analysis of weather and wind speed distribution data fér the proposed site and

the specifications of all of the components -of the wind'machine system.

A Few Comments on the Worksheet
The data supplied in the worksheet came from Energy Primer, Solar,

Water, Wind and Biofuels, 19Tk, Fricke-Parks Press Inc., Fremont, -California. -

No attempt was made by this author to verify the accuracy of the data.. The
fact that the data very closely follows the S-cubed and d-squared laws makes
this author sémewhat suspicious that the data was actuallx contrivéd and -not
collected.. In this respect, the teacher is left to make his own decision as
to its validity. o |

| A moré advanced eanalysis of the data can be made by plotting the '
logarithm of the power (either ln or log) as a function of_ﬁhe logarithm of
- the wind speed and then as a function of the logarithm of the propeller
diaméter. With these log-log plots, the results are straight lines with slopes
'equal to the exponents of the original variable (3 for wind speed and 2 for
pfopeller diameter). The anti-log of the y-intercept (1nP or log P) gives the.
vaiue of the con§tant 6f proportionélity of the original equation. If you have

access to a computer, a least squares analysis can also be incorporated.

Materiéls .
Student activity sheets
Overhead projector (optional)

Strategy - ‘
Hand out work sheets. Discuss the background materials. Students

can do the workxsheets, as you do the work on the chalk board or o#erhéad

projector.

Sample Respdnses

1. They are the same.
2. Obvious];)r‘ the larger the’ propeller, the power output. Power increases as ﬁ
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10.

11.

the square of propeller diameter.
= (const) - d2, const 1.2.
One with 20 ft. propellers. Doubling the prop diasmeter gives four times

the power output, not twice.

,They are the same.

Obviously the greater the windspeed, the greater the.power output. Power
increases as the cube of wind speed. -

= (const) - v3, const 0.12
They should be nearly equal in value.
Gearbox and generator efficiences may not be constant over the operating
range of the windmill. The use'of variabie pitch propeiler blades will
effect k. The size of the external load which is trying to ﬁake use of
the power output could affect k.

. Pros Cons

a. Power increases as the square of a. Concentrated power requires a more

prop diameter. . elaborate distribution system.

b. Uses less total land area. b. One large windmill is likely to be

c. Centralized maintenance may be i more’ susceptible to power loss‘
cheaper. due to wind variation.

d. Higher towers will put‘more of c. Mass production of many ﬁnits nay
the blade into prevailing wind. be more cost effective. '

e. Cost may be less due to elimi— . d. Larger windmills reguire more'so—
nation of some duplicate phisticated knowledge of material'
equipment. .. .stresses and sﬁrains and tech-

nigques for pfoper fabfication.

Answers will vary. Up to a point this may be true but obviously excessive
windsieould result in structural demage to the wind mechine. In fact;
many wind machine designs call for braking the propeller so that it will
not’ turn when the prevailing winds reach about 50 mph or more for a
period of time. ' ' 4 N

In addition'it is usuelly required that electrieal generatbrs rﬁn at
constant speed over & wide range of wind speeds so that hlgher wind speeds

much of the w1nd power is not utilized.
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Extension Activities

Activity 3 can be extended to verify the rélationship P ='kv3d2.

From the data table, select one diameter and set up.gnother data

table as follows:

P \i Vv Then plot P, v, and.v3 as follows:

The chart should show a straight line relationship.

From the data table, select one wind velocity and set up a data -

table as follows:

P a . d " Then plot P, 4,,and a® as follows:

And ‘again & stralght line relationship should appear.



Student Activity Sheet

- Name

Date

In this activity you will investigate how the power output of a

typical émail wind powered electric generator depends on both #ind speed_and

~ propeller diameter.

Here is the table of data you will be working with.
Windmill Power Output in Watts

Propeller , Wind Velocity in mph

Diameter , : :

inFeet 5 10 15 20 25 30 .
2 0.6 5 .16 38 73 130,
4 2 19| . -e4 - 150 300 520
6 5 42| 140 | 340 660 - 1150
8 10 | 75| 260 |610|. 1180 2020

210 15 120 __ 400 .| 950 1840 ___ 3180
12 21 7o 540 {1360| 2660 4600
14 29 |230 735 |1850{ 3620 6250
16 - 40 300| 1040 [2440| 4740 8150
18 51 {375 1320 {3060 6000 10350

.20 60 475 _1600__{36004_ 7360 _ 12760
22 73  .580| 1940 [4350{ 8900 15420

24 . 8 . '685| 2300 I5180! 10650 18380

Activity 1 ‘
On the grids provided below plot the power output as a function of

propeller diameter for Wind speeds of 10 mph and 20 mph. 

Power Output (Watts)

T00
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500

Loo

300-

200

100

0

Wind' Speed 10 mph

Powéf’Output (Watts)

. { ! [ B s
L] Lo L]

LR | + -
b 8 12 16 20 24
Propeller Diameter (ft.)
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Questions

1. How do the general shapes of the two graphs compare?

2. For a given wind speed, how is the power output rélated to the‘propéller

diameter?

for various propeller diameters at a wind speed of 10 mph.

3. Try tp write é formula which can be used to calculate the power output

L.  Ignoring other considerations, which would produce more power (or would

they be the same): two windmills with 10 £t propellers or one windmill

with a 20 ft propeller.

Activity 2

On the grids provided below plot the power output as a function of
windspeed for propeller diameters of 10ft and 20 f%t.

10 Ft. Propeller 20 Ft. Propeller
3200 1 : .
12800 + 114000 +
‘@ 2400 + “~12000 T
b e
£ 2000 - 5
= 2000 + 810000 T
5 + £ 8000
3 1600 + . 5
£ B .
& 1200 + 8 6000 T
9 s .
® 800 T ¢ kooo T
(o . 5
P ' Ay .
400, + 2000 -t
0 Sy o be———t—t+—t
5 10 15 20 25 30 .5 10 15 20 25 30

Wind Speed (mph) : ._. o - Wind Speed (mph)
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Questions

5. How do the general shapes of the two graphs compare?

6. For a given propeller diaméter, how is the power output related to the

windspeed?

T. Try to write a formula to calculate the power output for various wind-

speeds with a propeller diameter of 10 ft.

Activity 3 ,

For the_table of data given, the power output of the windmill can'be
related to windspeed and propeller diameter according to.the following
equation: o '
power output (watté)
wind speed (mph)
propeller diameter (ft.)

P = kv3d2 where

oA g Y9
]

constant of proportionality

Using the data in the table, calculate the value of k for the

following conditions:

10 mph v

= = 20 mph
d = 10 ft. ' d = 20 ft.
= 0.0012 =

. : 0.001125
Questions ) .

. 8. The table of data gives 60 different wind speed and propeller diameter

combinations from which 60 values of k could be calculated. How would

you .expect these 60 vdlues of k to compare'withAeach other?

9. What design and operating features (other than propeller diameter and

wigd'spegg)udo”yog th;nk‘dete:mines the value of k7 A

The following activity is'designéd'for'class discussion.
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o
10. Llst some pros and cons for the following Btafempn*"
For a given power requirement,; a single large w1ndmill is "better" than

several small ones.

Pros o o : -Cons

11.‘ How valid would you say the following statement iss Tor wind powered

generators, "the more wind, the better it is."



2

LAST BUT YEAST

Fermentation

Objective
The students should be able to:

. &) Measure a change in temperature through time in the fermenting_
process. '

b) Observe the production of CO2 from the fermenting system.

c) Detect, through identifying an odor, the formation of alcohol
from the fermenting slurry.

d) List the raw materials necessary for fermentation and the products.

e) Construct a time vs. temperature curve to demonstrate the exo-
thermic nature of the system.

.f)'Apply the information gleaned from this exercise to the process
of generating heat energy directly for fuel and gas needed
for photosynthesis.

g) Devise exercises for the anaerobic digestion of organic wastes.

Overview

Aerobic respiration is much more efficient than anserobic. It has

been estimated that about 60% of the total energy in the glucose molecule is

released from the process of aerobic respiration as opposed to about 3.2% from
the aerobic process. The purpose of this exercise is,to demongtrate the re-
lease of photochemical energy from organic molecules. The éource of molasses,
the sugar cane plant, should be recégnizedAas one of the more efficient solar
users of the green plants. in the US as can be determined in the following -
narrative and table. . |

Plants are simply unable to use most of the sunlight avéilable to
them. On land, from 7O - 80% of the incident light is reflected or absorbed
by physical things othér than plﬁnts. We can get an idea of what.happeﬁs to
the remaining light energy from an elegant study done on an acre of corn during
a 100 day growing season. The study showed that Lk 4% of the lighﬁ received
by plahts was used to evaporate the 15 inches of rainfall received during the
season: 54% was converted directiy to heat and losf by convection and
radiation, and the minute quantity remaining (1.6%) was'éctually‘converted into
the tissues of the corn plants. About .33% of this groés productivity was

used in respiration leaving 1.2% of the available light energy as corn biomast.
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Energy Budget of an Acre of Corn During One
Growing Season (100 days). T6.6% of the
Solaer Energy Assimilated is Put into Biomass.

Glucose  keal. Solar
(Ibs) (million) Efficiengy
INCIDENT SOLAR ENERGY 2.043 ‘
PRODUCTIVITY
Net (N) 3040 25.3 1.2%
Respiration 930 1.7 Q4%
Gross (G) 3970 33 1.6%
Production efficiency = N/G ’ 76.6%

Photosynthetic Efficiency of .Various Plants, Crops,
‘and Ecosystems ‘

ol Gross " of Net
Praductivity Productivity
EXPERIMENTAL ’
LABORATORY

Algac (Chlorcfla) 2035
) Dim light experiments 15-20
FIELD
Chlorella silt ponds .o
Sewage ponds 2.8

CULTIVATED CROPS
PEAK OF SEASON

Sugar beets, Burope 7.7 S
Sugar cane, Hawaii 1.6 4.8
Ireigated cormn, lsrael ' 0.8 32
DURING SEASON )
Sugar heets, Europe 2.2
Rice, Japan 2.2
Sugar cane, Java 1.9
T Corn, UL, 1.6 1.3
“Water hyacinth V 1.5
Tropical forest plantadion 0.7
ECOSYSTEMS
Annuil desert plants (peak) 7
Tropmcal rain forest 3s
Freshwater springs, Florida 2.7
" Polluted bay, 'l'c{(a.s . s
Coral reel 2.4
Reeeh torest, Europe 2.2 1.5
Seots pine, Europe 2.4
Oak forest, US, : 2.0 91
Perennial herb, grass ’ 1.0
Cattail marsh | 0.6
1 I.ake, Wisconsin 0.4 '
Rroonviedge community 0.3
BIOMES
Open ocean 0.09
Arctic tundra ! 0,08
Deseen ) ’ 0.05
BIOSPIERE ..
Land : . 03
Sca - . . 020

Sources: Energy Primer, Portola Institute, 19Th.
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. Materials

Student activity sheets

2 thermos vacuum béttles, approximately 0.5 liter .

2 two-holed rubber stoppers or corks to fit the.opening of the vacuum bottles
2 glass tubing, 6 mm diameter x 8 cm long .
2 thermometer, 20°C to 120°C (1°C graduation) | :

2 rubber or plastic tubing, 25 - 30cm long (to fit on glassAtubiﬁg)
3 250ml beakers |

500ml 25% molasses solution (75% water)

Glass-marking wax pencil

1/4 package of dry yeast

2 drinking‘stréws

Glycerine or soap solution

Stirring rod, about 20cm long

2 500ml beskers

Strategy
This activity should follow the introduction of the production of

energy from anaerobic digesters.

The students' discussion of this area should include the materials
which are fed to the digester; the design of the apparatus, the delivery
system to the digester; the availability of the raw materlals; the time, temp-
erature and mixture materials used in the digester; the systems for evacuating
the gasses, liquids and solids from the digester; the products expected‘and
the amount/unit of input matérials; the usefullness of the various'products;
the desirability of the products; the safety precautions needed for .the
system; the delivery system for the products; the space required for the
system and its location on the property; the number of people/éize of unit
served by the system; economics of the system; need for the eystem. There
should be meny more including the social acceptance of the system in various
locales. _ - ' o

The conversion factors of 3413 BTU = 1 Kwh = 3600 Joules and
(1HP = Q,YhBS KW should be supplied to fhe students to cQﬁpute the enérgy
input/output/efficienéy'of‘thefSystem; "Remember that a.digester'system of "

the low-tech conversion requires about 30 days to effectively produce methane
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wlth 3 pairs. and a hlgh—technology system requires 2 to 3 days. Methane has

a heating value of 500 - 800 BTU/ft | .
This activity will produce CO2 and alcohol. The change in the lime-

water will demonstrate the CO, production (Ca(0H), + CO, — Caco, + HZO).

The distinctive odor of fermenting yeast has beén used to deduce the formation .

of alcohol (ethanol).

Yeast
C6H12°6 —_— ZC HSOH + 2CO

It is possible that someone in the class may have experienced this odor
eminating from a bakery.

It may serve to demonstrate a fact, that alcohol is combustible, that
you ignite a small quantlty of alcohol either prior to or following the
exercise. This should further enforce the concept of energy from the anaerobic

(respiration) digestion of sugars.

Notes to the Teacher

The fermentation procesé'will proceed at a slow rate after the appa-
ratus has been set up, increase and then level off. In order to collect data
on temperature change and any change in the limewater solutlon, students should
return to the lab room or wherever the set up is kept to make observations as
often as possible for forty-eight hours. The first set of data will be-col—
lected in lab at five minute intervals to give the students a feeling for the
direction in which the processes will go. '

CAUTION: Be sure to instruct the students to lubricate the thermometers
and glass tubing with glycerine or soap solution before they inseft them
into the openihgs in the stoppers or corks. Also, they should be very
careful not to force them either in or out of the'stgppers or corks
becaﬁse they break very easily. They should also take precautions when
inserting orlremoving them that the possibility of pushing them into

their person, if broken, does not exist.

Sample Responses _

1. The limeﬁater becomes cloudy.

2. Bottle A
.Bottle B

‘'no temperature change.

slight increase in temperature after about 45 minutes, then

a more marked increase to a point of plateau after about 48 hours -
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depending on the amount of molasses and yeast used.

B

Time

L, Bottle B. . ‘

5. Change in temperatufe, change in limewater appearance and change in odor
of the solution. , -

6.'- The reaction eventualiy takes place in the absence of oxygen.

T. Bottle B.

8. 002.
~of CO

The limewater became cloudy,'which is one teast for the presence

o : - .
9. The same gas, C02 is released, heat is produced in both reactions; they

are chemical reactions which occur st about 37°C.

‘ Extension Activities

Burn grass, nuts, oil alcohol to determine the change in temp-
. erature of water and BTU/gm weight.

Substitute a beaker of an algae mixture for the limewater to note
the probable "bloom" effect.

Construct other tests or -apparatus set ups for culturing anaerobes.

Report on various types of anaerobic digesters.

"~ -Conduct e feasability study on the appropriateness of this tech-

- nology for the small unit (6 person family), the intermediate sized unit -
(large kennel or small livestock house) and the large seele}unit (municipalitj
or village) ﬁsing the following information and tables: 1 1b of.voiatile'

solids (VS =65 - T ft3 methane.
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Volatile

' Wet Raw Manure * Toral Soligs . Solids__ livestock
S day ton/yr  gallday -lbdday  ten/ye  lbiday  Unie
Buvine .
", Dairy Cow 1600 132 24 18 16.6 31 13.8 300-350
i 1300 107 19.5 15 13.5 2.5 12 250-300
Dairy Heifer 1000 RS 15.5 1.2 9.2 1.7 7.5 150-200
Neef Feeder 1000 60 11 7.5 6.9 1.3 5.9 150
~ Beef Stocker S00 45 R.2 5.2 5.4 1.0 4.8 120
torse ' *
Large 1000 45 R.2 6.7 9.4 1.7 7.5 80-200
Medium 850 36 6.6 5.4 7.0 5.5 120-150
Pony 154 3.0 24" 5070
Swine
Hog Breeder 500 25 4.6 3 2.2 0.4 1.6 40
log Feeder 00 13, 2.4 2.2 1.2 0.22 10 25
100 6.5 1.2 1.4 0.6 0.11 0.5 13
Wicner 15 1.0 0.2 0.1
" Sheep : .
Feeder o 47 0.7 0.8 1O 018 0.8 20.
Lamb 30 .15 0.3 0.4 0.2 5
Fowl . . .
Geese, Turkey 15 6 2201 . .2qt 15 551b .10 2.5
Ducks 6 4 2501h 5qu 0 371 07 1.8
Broiler Chicken. 4 .3 1ol gt Kty 26 1b 0§ 1.3
Laying Hen . 4 2 751 .lqt .05 18 1b .04 1.0
" Livestock
Purtion Amount % TS TS/day %VS  VS/day Unit. |
Humans  Urinc 2pt. 221 6% .13 75% .10 6
(150 Ibs)  Feces 0.5 b 27% .14 92% .13
Total 2.71h e .27 Rt .25
TABLE ! MANURE PRODUCTION OF VARIOUS LIVESTOCK AND

HUMANS. “Livestock Unit"" = VS produciion relative to laying
hens.

*Bulk density of raw manure = 34 ft

3/ton or-60 Ib/l’ts, or 8 1b/gal with no flushing water.

" USE
Lighting
"Cooking

Incubator

"Gas, Refrigerator

CHg4
Bio-Gas

For Gasoline
' CHgq
Bio-Gas
For Diesel Oif
: CHa
Bio-Gas
*25% efficiency

Gasoline Engine®

16
135 : 160
180 - 250

150 - 188
200 - 278

RATE
'per mantle per hour
per hour per 2 - 4” burner
per person per day
113 per hour per f13
incubator
13 per hour per f3
refrigerator :

per hrake horsepowcer '
per hour

per brake horsepower
per hour ’

per galion
per gallon

per gallon
per gallon

TABLE Il USES FOR METHANE. Consumption of methane and
bio-gas for different uses.

S-65




Other Readings

Solid Waste as an Energy Source for the Northeast by P.M. Meier and T.H.
McCoy, Brookhaven National Laboratory, Upton,bN.Y., #50559,
~ June, 1976. ; ‘
Seminar Report on Microbial Energy Conversion, sponsored Jointly by the United
- Nations Institute for Training and Research (UNITAR) and the Ministry
" for Research and Technology of the Federal Republic of Germany
(BMFT), April - May, 1977. "
Energy Primer - Solar, Water, Wind and Biofuels, Portola Institute, 558 Santa
Cruz Avenue, Menlo Portz, Callfornla, 1974, : .
.Biomass Energy Institute 310-870 Cambridge Street Winnepeg, Manitoba, .
Canada, R3M3HS. _ ‘
Methane Registers for Full Gas and Fertilizer, L. John Fry and Richard
Merrill, New Alchemy Institute West, P.O. Box 376, Pescadero,
California, 1973. A . _
' Proceedings: Bioconversion Energy Research Conference;'Institute for Man and
His Environment. University of Massachusetts, Amherst, Mass.,
June 25-26, 1973. | o :
A Concepts in Modern Biology, Kraus, Cambrldge Book Co., N. Y., N.Y.
Investigations in Modern Biology, Stock and Banclier, Cambridge Book Co..,
N.Y., M.Y,,-l977.A
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Student Activity Sheet

Name

Date

Purpose: To observe the effects of anaerobic (respiration) fermentation

using yeast.

Procedure:
‘A.  Assemble the two sets of apparatus as depicted in the drawing
following: | ' o -
CAUTION: Be sure to lubricate the thermometers and the glass tubing
with fhe'glyeerin or soap solution before inserting fhem into the stoppers
or corks. Point the thermometers away from your hands and body as you
insert them. Be sure not to force the thermometers or glass tubes into

the stoppers or corks, they break easily and cause injury.
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'3

Thermometer

"

Glass tube just above
the molasses solution -

— 25% molasses solution . : i

B ™~ Vacuum bottle
Lime water1 . N T—— Your identifying mark

Procedure for measuring anaerobic respiration in yeast

B. Label the vacuum béftles A_and B. Fill them with the molasses
solution to a level which is very close to the open end of the glass tube
which leads to the tubing to the beaker of limewater. Add the % package of
dry yeaét»to bottle B and genfiy stir the mixture to suspend the yeast tﬁrough~
out the solution. Place the stoppers éecﬁrel& into the openings oflboth vaéuum
bottles. Place the rubber tubing which is attached to the glass tubing in
each bottle into éaéh of the two beakers which contain about 200 ml of lime-
water. Be sure.the open end.of thglrubﬁér-tubing is belo#'the surface of the
limewater. s | S ‘

C. Pour the remaining liméwater‘(about 100m1) into: the third beaker.
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Gently exhale through the drinking straw so that the exhaled gases will bubble
through the limewater solution. Record any changes which take place in the

limewater solution.

D. Observe the change in the appearance of the limewater and the temp-
erature of the molasses solutions in each vacuum bottle at the beginniﬁg of
this activity and at five minute intervals for the first hour. Observé the
appearance of the limewatgr and the temperature readings as often as possible
for the next 24 to 48 hours. A

Record the temperatures and appearance of the limewatef observed
for each bottle and the time elapsed between each reading onto the data
chart provided below. (Extend the data chart if necessary to entef.all

readings.)

BOTTLE A BOTTLE B
A °G' Limewater °C. 'Limewater
Time Appearance Appear-
started: C ' ance
Elapsed :

|
|
'A
time: |
|
]
]

i S
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®

- 2..1In which bottle did a chemical change eccur, if any?

E. After collecting all the data remove the stoppers from both bhottles.
Note the distinctly different odors which come from each bottle. .
3. Using the data from both bottles, plot the temperature changes as
a function of time on the gfaph grid provided. Plot the data for both bottles
on the same grid to provide a comparison at a glance. Label the line'plot
for each. bottle. | '

Temperature

Time
L. In which bottle did & chemical change occur, if any?

5. On what evidence do you base your .reply to question;#h?

6 Why is this section of yeast consxdered anaeroblc, even though

oxygen was present9

7. From which bottle was a gas produced - if at all? Was it pro-
duced in both?’ '

5-69 -



If a gas was producéd; can you give a tentative identification of

it and what do you bBase this téntative identification on?

In what ways does anaérobic digestion of fermentation reseiible

respiration?
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‘ , FACT OR FICTION
- Is Solar Heating Fact or Science Fiction?

Objectives
Studenﬁs 'should be able to:

&) Understand the -variations in 1nsolat10n by ‘month across the
country.

b) Compute the conversion from fuel to heat and from insolation to
heat.

_c) Come ‘away with the recognition that solar energy is a practical
alternative to fossil fuels in some parts of the country but is
not a panacea. .
Overview '

Solar heating iﬁ this activity refers to flat plate collectors.
Typically the collectors are mounted on-the roof and slanted so as to have the
surface of the collector normal to the sun's rays when you need maximum in-
solation.'AThat works out in the northern hemisphere to be the latitude‘plus
about 10 degrees as the best angle between the collector and the horizon.

At present the cost‘bf fuel ié what drives most homeowners ‘to con-
sider the alternative energy sources. If soiar collectors are inexpensive
enough then individuals will consider using them to easé the fuel bill. Not
many think in terms of dwindling supplies and environmental damage. Students
can be reached through the poéketbook This exerclse should convince them
that solar collectors of 50% efficiency (a conservative figure - 60% is con-
,51dered attainable presently) and a reasonable 31ze can in fact be an econ-
omlcal thing to do. As fuel prices continue to rise the economy will be more
marked and the pay back perlod will shorten. ,

It is important to point out that only about 50% of the energy
enterlng the atmosphere reaches roof tops, and then that only about 50% of
thls can be converted by thls particular collector. And that is on a sunny
day! Students are asked to consider bulldlng for the worst possible month
or comprom1s1ng for year round lowerlng of fuel .costs. .

You should p01nt out the problems w1th solar heatlng are two—fold.
First, not(all_parts of the country get enough over the course of a year to
supply them with & significant saevings - it is not a solution for all of the

United States - and even where it is significantly uéeful the supply of sunlight
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is varieble. All of the solar systems must have good storage facilities. The ‘
cost quoted in the exerciseés are for installation of g full system - collector,
pipes, storage, etc. The costs are from the same source as the charts of in-

solation - the FEA booklet Buying Solar.

Materials
A fuel bill for one month from the student's home. If students can't get fuel bills
An estimate of yearly fuel bills. : have samples ready for them.

Maps showing mean daily solar radiation from Buying Solar.

Strategy
Ask if students would be willing to'try a new fuel if it was:

a) nonpolluting, b) quiet, efficient, and did not require delivery, c) avail-
able to everyone, impossible to embargo, and d) FREE.

Explain that whatever the fuel bill they have in'hand, it is sure
to increase. Conveﬁtional fuels are all being depleted and becoming more
expensive. _ A

Solar, wind and biomass energy sources are attractive because they
are renewable, and if not free, like the sun, they are.cheap. N

The question is how much solar collector do'you,need4in order for it
" to supbly a significaﬁt amount of heat at a reasonable installation coét.
(Only the fuel, sunlight, is FREE.) ’

o The parts of the éctivity are arranged sequentially so that the steps
‘are émall and interconnected.

The kickér is in the last question. Do you buiid to supply all of
the heét for the ﬁorst month, as you must with conventional fuels, or do you
rely on a back-up system of storage and/or fossil fuels. The answer is not
obvious and wbrth the additional computation. If students do not have a bill
for the coldest month, uée the exampie in the sample responseé. It pays to

‘use calculators for the math.

Sample Responses

These are figures for Jamuary on Long Island, for gas at about 38¢
per 100 cubic foot. ’

1. 304 hundred cubic feet x 773 BTU/cubic foot = 23.49 x 106

2. Approximate annual fuel bill is $631. Amount saved in one full year at
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10.

At $10 per square foot the collector would cost $16, 770 to install and

80% savings is $505.

Installation cost is $8,000.

Pay back period is: $8,000 / $505 = 15.8 years.

Mean daily solar rediation = 153 Langleys.

153 Langleys x 3.7 = 566 BTU/fte/day. ’ ,

566 BTU/£t2/dey x 800 £t% x 80% = .36 x 10° BTU/day.

.36 x 106 BTU/day x 31 days = 11 x 106 BTU/month availeble from the

" collector.

No. It is W7% of the famlly's need.

To supply all of my family's need for heat that month look at question
7. The insolation was 566 BTU/ft but at 80% efficiency only h53 BTU/ft
is converted/day, 14000 BTU/ft /month.

23,490,000 BTU's needed = 1 ,677 sgare foot collector needed
14,000 BTU's/square foot

1f fuel costs stayed the same it would take 33 years to save that same

amount by not having a fuel bill sall year

Notes to the Teacher

On the bill I have, the gas column dow not indicate that the "Units

of Use" are hundreds of cubic feet.

Extension Activities

Build & demonstration model of a soiar'cellecfof, See.other activities

activities 1n this set.

Hot water heating uses about 2 OOO BTU per month. Calculate how

many square feet of a collector at 80% efficiency would be needed just to

supply hot water.



Student Activity Sheet-

Name

Date -

AL How much heat dees your family use? Your bill tells how many.ft3

(cubiec feet) of gas or how many gallons of oil your family used to heat your'
home and maybe your hot water as well. Use the table below to detexv'mine‘ how
many BTU"'s (British Thermal Units) of heat your fuel provided, '

1 gallon of home heating oil provides 8400 BTU @ 60% efficiency
1 cubic foot of natural gas provides - TT3 BTU @ 75% efficiency
1. Your family used B BTU's this month. .
B. How much could you save in one year with ‘solar heating? A solar

hot water heating system which provides for half of the heat needed in the

coldest month of winter could be expected to provide 80% of the heat needed
A 6ver the whole year. '
What would your family save in dollars and cents if they did not have
to pay for 80% of the fuel used this year? | -
2.- Amount saved in one full year could be ) . .

C. How 1ong before the savings would cover the cost of instellation?

The pay back period is the is the length of time it takes for the savings
in fuel costs to equal the- cost of installation. .

If you could save the amount listed on line 2 how long would it-take to
pay back the cost of an 800 ft2 collector if it cost $10 per ft2 to 1nstall?

3. Installation cost at $10/ft

L, Pay back period at current fuel cost = ' years.

- D. Can the sun do 1t? You know that the amount of wolsar énefgy
reéching rooftops depends on the time of day, season of the year, weather und
latitude. 'By gathering information over many yeafs, thg Weather Bureau has
put together maps which give the'average amount of solar energy.received in
different sections of the country each month. - The sélar radiation received

is called insdlation.
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From the charts (p 29—3h of the FEA booklet Buying,Solar) find the
mean daily solar radlatlon'for the month covered by your bill.

5. Mean daily solar radiation = ” ___Langleys
6. Multlply the Langleys by 3.T to get BTU/ft ‘ BTU/ft /da.y

This 1s the amount of soler radiation provided (on an average day).

E. How much insolation could we convert to heat? We can never convert
all of the available energy to another form of energy. Assume your rooftop
collector -can convert 80% of the insolation to heat. Assume also that you

have a collector of 800 ft2. (These are reasonable flgures for current

collectors.)
Put Put your answer from line 6 into the formula below, do the multi-

plications to find out how much such a collector could be.»

E. How much is enough? If the month of YOur bill is not the coldest
part of the year it is important'to realize that even if Your collector de-
livers enough heat for some months it may not be enoﬁgh for the-c01dest part
of the winter. - There are two ways to look at this problem. You could:buy

“enough collector to provide all of the heat even for the worst month, or you
could buy enough collector to provide all 6f the heat for part of the year
~and up to half of what is needed in the deep of winter.

UsingUsing a fuel bill from the coldest month of the year figﬁfe out .
how many~ft2-of collector you would need to supply all of your family's
need for hot water and heat. Remember that a two story house has roughly 500
£t2 to 800. ££t2 of south facing roof. '

9. How many ft2 of collector is needed to supply all of the midsﬁinter

need? ' N '

iO. Considering an installation cost of. about $10/ft would it be
practical to 1n8tall that much collector?
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INTRODUCTION

Recent state and regional»energy crises demonstrate the
. delicate balance between the energy system, the environment, and the
'-eeonony; Indeed, interaction among these three elements in our -
society is very complex. However, any permanent change in the dlrections
of our energy demand and supply for the future involves the formation
of a new "energy ethic". To do so requires a hroad bese4of.information
and‘understanding of the energy system, and this needs to be developed,
pnrticulnrly among those still in school. You, the.teeeher, play.a most
1mportant role in providing that base of information whlch will become
part of the new generation's thinking about the energy system. These
materials are 1ntended to enhance your ability to provide energy-related
education to students within your own academic setting and to provide
students with a better understanding and awareness of fundamental princi-
ples of energy supply, conversion processes and utilization now and in
the future. 4

Since it is not possible to cover all aspects 6f energy systene,
theieurriculum materials designed in this project were limited to a number
of areas considered important from tﬁo points of view: energy developments
which are now occurring but whose’ impllcations are not yet: clearly recogni zed
" and/or that broad area of potentlal new developments which have important
.implications for the future. The specific areas of curriculum materaiels

. are the following -

CONSERVATION. We are coming to realize, albeit slowly, that the supply of -

raw materials from which energy is produced is finite'and decreasing rapidly.
Not only is supply decreasing, but demand contlnues to grow. 'Tﬁe most o
-optimistic forecasts show that the world resources of petroleum and natural
gas, the two main sources of energy today, will be gone within the next
,tflfty years. Consequently, we need to explore ways to ‘conserve energy by
using fewer energy—intensive devices, reducing our life style to one less

dependent on energy, and possibilities for substituting new technologies..



DEMAND SCHEDULING. Electricity, since its first introduction, has pro;,

vided a cheap, clean, efficient source of energy. We have also come to

expect that any required.demand for electricity on our part as individual
consumers, will be met. We turn on the switch and expect the lights to

come on. Large investments in the electricity generating'plant are

required to satisfy increasing demand, particﬁlarly during "peak"lperiodsi
Consequently, the overall cost of electricity generation becomes quite
expensive - ‘s result we have seen in recent vears. The issue is particu-
Jarly important since utility companies are now testing, and will soon offer .

to the consumer, electric metering for homes on a demand-scheduled basis.

ENERGY IN THE FOOD SYSTEM. Our agricultural system has become increasingly

dependent upon the use of energy-intensive fertilizers for large‘crop
production. In addition, energy requirements for food processing continue
to grow. It is estimated that about one half of U.S. freight transportatioh.
is involved in the movement of foods of one kind or another. With the .
decline.in the supply of fuels, we must ask whether our current nationél
pattern of energy consumption in the food industries, particularly the

trend toward increasing use of energy in food processing and packaging,

are desirable trends for the future.

NEW TECHNOLOGIES (Solar, Wind, Biomass). It can be argued that the problem.

in our energy system today is not that we use too much energy, but rather .
that we use the wrong kinds of energy. 0il and natural gas form imporpapt
components for synthetic materials, chemicals, and the like. Wherever
possible, they should be conserved for such long-term uses. Ccnsequently,
we should shift from a fossil fuel resource base to a renewable énergy

resource base, particularly the use of solar, wind, and biomass sources.

ENVIRONMENT. The direct use of energy involves varioﬁs pollutant emiséions,
In addition, indirect use of energy in the creation of industrial goodé

has secondary envirommental impacts in a number of areaé. Of recent concern °
are long term trends in accumulation of carbon dioxide and other gases and
‘particulate matter in the atmosphere. " These seem to produce unfavofable
atmospheric conditions involving "the greenhouse effect”, thermal inversioﬁs;

and the like.
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The modules prepared in each of these areas consist of an
‘introdﬁctbry background statémenﬁ and a series of oﬁe—déy lesson piahs,
along with suggested bibliographj and references to other materials.

The background statements are intended to introduce the topic to you,
- the teacher, énd should reduce your need for reading a number of original
papers and other citations to the literature. However, the background
statements are sufficiently short that they can not make you an_energy
exrert, and we would hope that you pursue addltlonal readlng on your own.
Single day lesson plans were designed for easy use within existing
courses as well as in the construction of new courses. As a resqlt, it
is hoped these curriculum materials wili~be useful in a variety of courseé.
' A special qote to you, the user of these curriculum materials,
is in order. The materials are made available in draff-copy because of
widespread interest in. energy issues. Where you encounter rough spots,
loss of proper citations to the litezature, or other problems, tear with
us. A brief evaluation form is 1ncluded 1n this document. Ve ghcourage
you to give us your reacﬂions apd any improvements wevmight add to make
these materials more useful to you and to other teachers. Thebnames and
school affiliétion of the project barticipants are notéd iﬁ'the‘material
so you'can feel free to contact the. individual teachers on specific
questions. Finally, these documents reflect a concentrated effort over
three weeks by the teachers associated with the curriculum devélbpment
project, and their efforts to translate energy issues 1nto high school

course material for you.
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DEMAND SCHEDULING AND ELECTRIC UTILITIES

Introduction

.In the use of electricity, we have.turned on switches with no doubt
that the'electricity will flow. Untilrrecently this has been true but recurrenf
local power outages and two major East Coast blackouts in. 1965 and 1967 4.
demonstrate that it may not always be true incthe future. This brief report
vill analyze a major cause of this problem.

' The rock group "The Rolling Stones" have a songAentitled "You
Can't Always Get Whét You Want ...." (when you want it). This may well
exemplify the direction we are taking with our electrical use. For the
time being at least, we have enough electricity. We ‘do not always have
enough electricity exactly when we want to use it. In addition to con-
sidering how much electricity we use, we must learn to think of when we use

it. In short, we must work with demand for electricity as a time-related

thing.

The following analogles will illustrate the problem:

What would happen if all the students in your bulldlng would de-
mand to use the restrooms 51multaneously9

In the summer of 1977 Glen Cove, New York lost over 50% of its
- water supply. There was enough water if it were used evenly", but to
achieve this it was necessary to restrict its use durlng certaln hours; e.g.,
" lawns could be watered only after 9 pm. »

| Both prdblems can be solved if cost is no object. Build:one bath-

room for each student_;-if you can get the taxpayer's approval. Rebuild
Glen Cove's water Supply to provide all the water needed at any time - again,
what about'the‘taxpayer?' All it takes is money and if we extend the analogy
to electricity, an unlimited supply of fuel S

Let's extend the analogy to electricity. We. consumers’ compete for
all our utllltles, be it water, gas, the use of restrooms, or electr1c1tx
We can get it whenever we want it, but only at a price we may not be able to
afford. The explanatlon has to do w1th the characterlstlcs of base supply
and demand. '

-Figure 1 shows consumer demand, as experlenced by an average

utility, over a 2h hour perlod. Note that demand is very low from midnight
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untll about 4 am, then climbs steadily to. a peak at ahout 6-7 pm. It shows
that consumers demand a lot of electricity at certain hours and much less at
others. Figure 2 shOWS‘OEtlmum power generation by the utility in the same
‘24 hour period. This produces power most efficiently and at the lowest cost.
Figure 3 shows the two superimposed, illustrating the great dlfference be-

. tween how we use electricity and how best to produce. it. ,

| It is therefore clear that we cannot have all the électricitije*
‘want, at the time we want, at a cheap price! If we insist on all having

power at the same time, we will have to pay for it!

Figure 1 ' - Figure 2
'U e
: g
A &
| - -
n?ég; L - 2k - . 12 2k
Time (Hours) ‘ Time (Hours) .
Figure 3
. Optimum Power-
KEY: Available -
o
&

\,///,\L\ Consumer
Demand




Cost Effect of Deviation FrOm‘Optimum.Power‘Geﬁeration'LeVéls;;

Theré are different technologies for producing electricity. This
area will be.concerned with theAthree types used most QidelY'by'utilities in
New York Ciﬁy, as a typical area: nuclear, fossil, and gas.turbine, Each
technologj has cértain economic advantages and disadvantages,Awﬁich‘must be
carefully considered by the utilities wholmustAtry to show'a profit and '
keep customer rates low. In addition, these technologiesAdiffer in the
amount of time it takes to "pick up load:." This iS'another importanf.coh—
sideratioh<for utilities who must satisfy consumer demand.for electricity
whenever it occurs. = ' ' o ‘: .

Below we list the advantages and dlsadvantages of each technology.

(Foss1l and nuclear for our purposes may be treated together.)

Fossil and Nuclear

Advantages . : Disadvantagés

1. Low fuel cost ' ' 1. ﬁigh capital cost

2. High efficiency o 2. Long time to pick-up load
3. Long time for COﬁceptiongto on-

line status

Gas Turbine

Advantages 4 ' ‘ - Disadvantages
1. Low capital costs 1. High fuel costs
2. Pick-ups load quickly .. 2. Inefficient

3. Short time from conception to

actual -implementation

At the present time, the utllltles must utlllze a mix of these methods be-
cause of the nature of consumer demand for electr1c1ty .

" Let's take a closer look at consumer demand. It can be seen from
'Flgure 3 that- there is a great variation in the demand for electr1c1ty over a-
24 hour period. From the utilities point of view, a decision must be made as
to which mode of power generation to use, and when. No one mode is ideal.for
the entire 24 hour period. . . ' o

Inspection of Figure 3 shows that a certain level of demand is re-

quired almost constantly throughéout the day. This level is called the.
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Base Load. This is supplied by the very large fossil and ﬁuelesrwp;ants.
‘When it is anticipated that demand will exceed this base load capacity,
smaller and thereby less efficient fossil planﬁs are brought into use.
During peak perlods, when consumer demand is highest, gas turbines must be
used, which are the most 1neff1c1ent means of produc1ng power.

In Figure 4, we can see that prlce 1ncreases sharply as total
power output increases. Therefore it shows why 1t would be economically
advantageous to eliminate Peaks in consumer demand.

‘ On the other hand plants supplying base load operate at a more or
less constant power level. If consumer demand drops below this base level
the excess power is wasted. Therefore, it is elso adventageous to eliminate
“valleys"‘in consumer demand. '

Figure 4

H Gas !
i0lder ipyp, t
:Fossil 1

Base Load i Gen.

Arbiﬁrary Unit of Cost

Power

One additional point should be mentioned. The construction costs
for new power plants are astronomical running ‘ into the-billions
of dollars. Amortlzatlon of capital costs represents a significant part of
‘electrical rates. When a utility invests in additional generating capacity
to handle increasing demand, a major portion of which may be peak load, the
‘cost of our electr1c1ty goes up sharply.

Therefore, if we keep on using electricity during peak=load periods,
we are increasing our electrical costs in two ways: it costs more for the

| fuel to produce the added peak load, and the utilities' capital costs ‘are

increaSed; which also shows up on the rate. It is very much tO‘our‘advantage
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to level off electrical use.’

Ways In Whlch Demand For Electrical Power Can Approach the Optlmum Level of
Generation

A. Public Utilities

£ .

1. Produce a rate schedule that encourages off-peak use, and dlscourages
peak use.
2. Store energy'generated during off peak hours for use during peak“f :
" hours. Methods of doing this include: ' '
a) Conversion of electrical and chemical energy,
b) Pumped water storage. (Transfer of electrical energy into
gravitational potential energy). ' -
3. Load limiting devices; utilities can install'deriees that 1limit the
. maximum use of electrical power. |
B. Residential Customer - '
1. Voluntary restricting of electrical use. .
2. Conservation during periods of high electrical demand.
3. Purchasing based on knowledge of'appliance efficiency.
C. Industry '
1. Rescheduling work hours.
2. Reschedullng ac’c1v1t1eu that requlre high electrical power.
D. Government . | '
1. Encourage education in efficient energy usage.

2. Tax incentive for demand scheduling.

Glossary _ : ,
Energy - Ability to do work, in the mks system. The unit is the Jjoule =

newton x meter.
Power - Energy per unit time.
Watt - The unit of power in the mks system, commonly uséd to measure electri-
cal power: watt = joule /.sec.
Kilowatt - 1000 watts

Kilowatt‘Hour - Unit of energy commonly used to measure electrical energy,

kilowatt hour = kilowatt x hour.
Demand - The amount of electrical power needed by consumers.

Demand Schedullng - Having consumers schedule their use of electrlcity so that

electricity use is "evened out" as a function of Yime.
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Optimum Power Generation - The'levei of power generation as a function of

time, that minimizes total cost (capital + fuel). = - -

Capital Cost - Cost of construction and machines for a power;ilant.

Fuel Cost - Cost of fuel (e.g., oil, coal, uranium) used in power plants.

References , , .
Electricity Generation - Now. J. Allentuck, Ehergy Poliéy Analysis Divisioﬁ,
| Brookhaven National Laboratory. ’
Electricity - The Future. As above. . o
Load Management. A, B. Calsetta, Corp..Load Ménagement;; Adm. Long Island
Lighting Company. - 4 -
"Energy thSumption in the Residential Sector and in Tfansbortatibn." T.
Owen Carroll, Professor, Institute for Energy Research, SUNY ét
Stony Brook.
' Energy: ‘Here Today, ? Tomorrow. Delawareans for Energy Conservation,
March, 1977. |
"Electric Utilities." Joann Comito,
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Staony Brook.
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Ene;gy, Economic Growth and the Environment. edited by SémvH. Schufr, Pub-
1i$hed for Resources for the Future, Inc. John Hopkins Press,
1972, .
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WATTS IN A NAME
The Wattage of Common Household Appliances

Objectives
~ Students should be able to:

a) Define electrical current, voltage and power.

b) Correctly use units of. amps, volts, watts, kilowatts.

¢) Identify and record the power requirements of appllances in

. their own homes. :
Overview ‘

This lesson introduces students to the’conceﬁts'of electrical
. cnrrent, voltage, and power. It then‘leads students through a survey of the

power requirements of common household appliances.

Materials
For demonstration: battery, bulb, bell, DC motor .
Transparency and overhead projector

Student Activity sheet

Strategy .
Introduce the concept of electricity by analogy with water flowing

through a pipe. We know that when water flows through a pipe we can measure
its rate of flow and pressure. Similarly,'as electricity,flows through.wires
it flows at a certain rate and exerts .a certain pressure. The rate of elec-
trical flow is termed current and it is measured in amps (A) The pressure
of electr1c1ty is termed voltage and it is measured in volts (v).

We know that electricity supplies ggwgr_because our household ap-
pliances work when ‘the electricity switch is turned "on". Electrical power
isAmeasured in watts. A larger unit of electrioal power is the kilowatt
which is equai to 1000 watts. The power in watts can always be calculated by
multiplying the voltage (V) t1mes the current (4).

. Electrical Power Demonstration

Elther set up the demonstration as shown or connect the devices

one at a time.
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Teacher MNotes

Never connect an ammeter in the circuit when no other .devices are

in series with it.

l.

Power (from battery) = V(1.5) x A (measured on ammeter)

Turn switch 1 on only. Measure Il (current). Calculate P .

P = Pl b'e Il = ‘watts

Turn switch 2 on only. Measure I,. Py =Vx 1, = ‘watts

Turn switph 3 on only. Measure I3. P3 =V x I3 = watts

Turn switch 4 on only. Measure Ih' Ph =V X‘Ih = _ watts.

Conclude the demonstration by noting that this shows that electrical
power can be uséd to produce heat, motion, sound, or light. The battery
subplies each item with the electrical power it requires. Similarly,
the outlets in your home supply the necessary electrical power to ap-
pliances. How much power do household appliances require? '

Give out the chart of household appliances. Fill out the power rating
of the 2 sample entries with the students.

Large air conditioner 1200 w

Electric clock 2w

This should give students some feeling for the "ball park" that -
ratinés are in. Let them fill in the "guess" column. 'Then go-over the
"typical" power ratings with them.

The power rating, in watts, is stamped right on each appliance. If it is

not, the amps are given and so watts can be calc@lated using volt = 120v.

" As a homework assignment students should take a survey of the appliances

in their own home, and fill out the last column on-the chart: actual

power ratings of appliances in their home.
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Extension ‘
Dlscuss the classical physics definition of power as P = W/T
and W = F x D.
" Do pover calculatlons of a person running up oteps '(F #-9;8
x mass in hg (1 kg mass has a welght of 2.2 1bs).
Either use the data in the chart below or have a student run up. the
steps and record his time, height of stalrs, and mass.
Sample data (first entry in chart below) '
9.8 m/sec
3 meters, M =50 kg, T = 30 sec

g
D

Sample Power Calcualtion
9.8 x 50kg = 500 newtons

F=gxm=
W=FxD=5000Nx 3 M= 1500 NM
P = W/T = 1500NM / 30 sec =.50 W

Sample Data (For extension)

Time to Run Stairs, Seconds | 30 | 10 | 5 | 3 | 2°
Mass, kg - _ 50 50 50 | 50 50
Distance, m 3 ‘3 3 3 3
Force, n ’ v
Work, n x m
Power, watts




Category

TRANSPARENCY

Appliance

i

Power Ratings,

Watts (Typical)

Kitchen Electric range | '8800

Refrigerator-freezer - 330

Dishwasher 1200

Broiler Alsoo.

Carving Knife - 90

Coffee maker 8§O )

Blender ;390

Electric frying pan 1200

Toaster 1000

Air Control Air conditioner 1200

Fan 200

Personal Care Hair dryer 325
' Shaver 14
Utilities & Household Washing machine 500
Maintenance Clothes dryer 4000
Lamp (1 medium bulb) © 100

Tron 1000

, Vacuﬁm' 650
Entertainment Black/white TV 150
Color TV 300

Radio 50

A Stereo 100
Miécellaneous Clock | 2
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TRANSPARENCY

"Power Ratings, -

Catepory . Appliance e Watts (Typical)
Kitchen o Electric range e '
' Refrigeratoffffeezer
DiShwaéhef -
Broiler
-Carving Knife
Coffee maker
Blender
Eléctric frying pan
Toaster
Air Control ' ' ' Air conditioner
Fan o
Personai Care . : | Hair dryer
: » | .Shafer‘
Utilities'$ Household " - Washing machine
Maintenance Clothes dryer
Lamp (1 medium Bulb)
Iroﬁ |
) ' Vacuum ‘
Entertainment - - | Black/white TV
~Color TV
- Radio -
Stereo

Miscellaneous ' S Clock
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YOU PAY YOUR MONEY AND YOU TAKE YOUR CHOICE

Energy and Power
Obgectlves
The student should be able to:

a) Describe thelrelatlonthp_between energy. and power x time.

b) Define Kw * hr.

Overview _ ‘
Energy is.related to the product of power x timé, in units of

kw "hr.

Materials
Student activity sheets 4
Ditto sheets - Chart "Power and Ehergy Survey" (without column 2 filled in)

Strategx o
' For homework dlstrlbute Chart I without column 2 filled in. ‘Tell
students where to .look on the nameplates, etc.,. for the watts used by an
appliance. If only amps and volts-are give, expiain that watts are the‘
product of amps x volts. The students are to fill in columns 3’Lh’ and 5.
Column 4 and 5 are estimates. In elass the next day, hano out a duplicate
sheet of Chart I with column 2 alrecady filled in. Hayeistudents compare with
- typical Valﬁes. Have class agfee on average values to fill in for column

4 and 5. Fill in column 6 (multiply 3 x 4 x 5). Fompare these: result° with
Chart 3‘a.b. To find the cost (month, column 7), use the cost of a kwhr

of electricity (best assume 10¢ to simpiify) to multlp]y the number of

kwhf by. Example: 30 kwhr by 10¢ / kwhr = $3.00.

Notes to Teacher

It is best to have the class all working the same -problem at the
same time so that each student can check his work each step of the way.
Hence, after gathering individual data for homework, it is easier if all’ the

students switch to the typical or average data.

Sample Response -

} ' Student responses should average out to the typical values shown
on Chart I and 3a, 3b. '
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Notes: Chart I "Power and Ehergy Survey" and Chart 3a, 3b "Electrical

Energy Use Chart" are reprinted from National Coordinating Center for Cur-

riculum Development booklet "Electrical Energy Use in the:Hdmé.”
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POWER AND ENi:RGY SURVEY

Coffee Maker .

‘Column 2 Column 3 Column 4 Column 5 Column 6 Column 7
. ‘ Energy/Mo
. kWh
. ' - ‘ (multiply
Typical | Actual Watts | Time Used .71 columns _
Appliance Watts (+1000)=kw Hours/Day | Days Used/Mo. 3x4x5) Cost/Mo.
Refrigerator/ S - ' A ' I
freezer(14 cu.
feet) 330
Lg. Room A/C 1,200 A|
‘Med. Room A/C ‘900 :
Sm. Room A/C 700 [
ETectric 4 1
Range -
(in full use) 8,800 |
Broiler 1,500
Electric Dryer 4,000
Washing 1
Machine 500
Dish Washer 1,200 :
Toaster 1,009 441
Iron: 1,000 =
Color TV 300 |
B 1
B/W TV 150
Stereo 100 |
Lamps 100
Clock 2
| Door Bell 0 l
Radio 50
Vacuum
Cleaner 650 |
Elec. Water
Heater 2,500 3
Window Fan 200 __,
Microwave Oven 1,500 ‘
Frying Pan 1,200 '
Blender 390
890
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Actual Home Electric Bill




Electrical Energy Use Chart' .;w”

B Estimated Energy Consumed by Home Appliances in a Month

Food.Preparation

" Blender

Broiler

Carving Knife
Coffee Maker

Deep Fryer
Dishwasher

Egg Cooker

Frying Pan

Hot Plate

Mixer

Oven, Microwave
Oven, Self-cleaning
Range - :
Roaster

Sandwich Grill
Toaster

Trash Compactor
Waffle Iron

Waste Disposer

Food Preservation

_Freezer (15 cu ft)

Freezer (Frostless 15 cu ft)
Refrigerator (10 cu ft) .
"Refrigerator (Frostless 12 cu ft)
Refrigerator/Freezer (14 cu ft)
(Frostless 14 cu ft)

)

Laundry

Clothes Dryer

Iron o

. Washing-Machine (automatic) ,
Washing Machine (non-automatic)

- Water Heater (standard) . - ‘-

Water Heater (quick r~covery)

D-15

Average
wattage

390
1,440
92
890 .
1,450
1,200
520
1,200
1,260
130
1,500
4,800
8,200
1,340
1,160
1,150
400
1,120
450

340

440
240
320
330
620

4,860
1,010,

510"
290
2,480
4,470

Estimated
kilowatt
hours

.- monthly

— 0N —~ 0O ~JW— 00—

99
147

110
94
152

83
12

352
401



Estimated

kilowatt
: Average ' A hours
- Comfort Conditioning - ; wattage - } monthly
Air Cleaner .~ 50 B 18
Air Conditioner (room) -~ 1,570 - ' K 114
Bed Covering ‘ o ‘ 180 12
Dehumidifier .. 260 31
Fan (attic) 370 : i 3 24
Fan (circulating) ' © 88 ' o 4
Fan (rollaway) . - ‘ 170 . 12
Fan (window) - , 200 o 15
Heater (portable) . : . 1,320 : ‘ 15
Heating Pad 65 , ' 10
- Humidifier , ~ 180 ‘ v 14
-Health & Grooming
Germicidal Lamp 20 12
Hair Dryer . .380 : 1
Heat Lamp (infrared) - 250 1
Sun Lamp 280 1
Electric Shaver : ,
Home Entertainment
Radio- - : n : 7
Radio/Record Player o 110 i 9
Television (b&w) 240 - : . 30
Television (color) ' 330 - . 40
Housewares
Light Bulb - - © 100 ‘ .- 15
Clock 2 C 1
Floor Polisher ' : , 310 1
Sewing Machine = 75 1
4

Vacuum Cleaner - 630

To calculate the number of KILOWATT HOURS (KWh) used per month multiply
the wattage by the number of hours you expect to use the appliance in 1
month. This will be the number of watt hrs. Divide by 1000 to get kWh.

Electric Coffee Pot used 9 hours per month: -

9 hrs/mo x 890 watts
1000

= 8.01 kWh/mo. = 8 kWh/mo.
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YOU PAY YOUR MONEY AND YOU TAKE YOUR‘CHOICE
How much Energy Is Used by Household Appliancés?

1. Which of the electrical appliances pictured above do you have in your .

home? -

2. Which do you consider necessary?

Which could be replaced with something thatfdoésn't-uée electricity?

3. In the table:below, list the appliances-that you noﬁ use in your home.
In the célumn marked "this year," fill in the kWh that each of these
appliénces uses., Gep the information from the chart on page 2. Ask
your parents to look at the chart and tell you‘whichféppliances they
had in their home 10 and 20 years ago.  Put thiSsinﬁbpmtion in the chart
along with %he number iiying in the home at eachffime‘period. Perhaps
grandbarents or some elderly people you know can help do the sume for

30 and 40 years ago.
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Appliance

' kWh/imo
This year

. XWh/mo
10 years

kWh/mo
20 years

kWh/mol
" 30 years

kWh/mo
L0 years

Total kWh/mo

# living
in home

kWh/mo per
person '
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2. Now it' s your turn'
Pick three items from list a-j and calculate the number of kWh of energy

consumed by each per month. If you have a calculator use it.

a. Air conditioner - 90 hours of use per month . \

o’

Refrigerator - 120 hours of use per month

Washing machine - 8.5 hours of use per month

[STRE o]

* Coloxr TV - 150 hours of use per month

Iron - 3 hours of use pef month

. Toaster - 3.5 houré of use per month

Clock - 720 hours of use per month

B R o O

. Radio - 65 hours of use per month

. Clothes dryer - 30 hours of use per month

[ N

Twelve 100-watt bulbs each in use 6 hours per month

Ce
.

Now that you know how to calculate the kWh's used by appliances;
you can get(a rough estimate of what your own household's electrical energy
bill will be by multiplying the number of kWh's your household appliances -
use times the average charge per kWh in your area. Fiiliout the chart in this

this lesson to conduct a power and energy survey.

Directions for Survey

In the survey you are conducting to calculate the electrical eneréy
used in your home, start by fiiling in column one, indicating whether you own"
one clock, two clocks, etc. Read the power reqﬁirements-that are listed'in:
watts on each appliance you have at home. You wiil>find the- informetion on
the metal tag we told you about. You may have trouble flndlng ‘the tag. If
§0, use the wattage from column 2 of the chart. Divide ‘the wattage by lOOO
to find the kilowatts used and put that number in column 3. In column L4,
estimate the number of days per month the appliance 1s-used. In column 6
calculate the energy used each month in kWh ‘When you total this. column yeu
will know the approxlmate number of klh's you've used in a month and will be
able to est;mate your bill., 1In column:7, you will find the cost/month'fori
each appliance by multiplying the kWh per month‘by the cost per kWh. Total

these costs to estimate how much you pay'e month to: run these appliances.
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Appliance

POWER AND ENERGY SURVEY

Column 2

Column 3

Column &4

Column 5

Column 6

Column 7

Typical
Watts

Actual
Watts
(= 1000
= kw

Time
Used
Hours /
Day

Days
Used/Mo

Energy/
Mo, kWh
Multiply
Columns
3xUx5

Cost /Mo

Refrigerator/
freezer{1lh cu.
feet)

Lg. Room A/C

Med. Room A/C

Sm. Room A/C

Electric
Range
(in full use)

Broiler

Electric Dryer

Washing
Machine

Dish Washer

Toaster

Iron

Color TV

B/W TV

Stereo

- Lamps

Clock

Dbor'Bell

Radio

Vacuum
Cleaner

Elec. Water
Heater

Window Fan

Microwave Oven

Frying Pan

Blender

Coffee Maker

Actual Home Electric Bill:
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YOU CAN'T ALWAYS GET WHAT YOU WANT

Demand Scheduling
Objectives , '
' The student will be able to: _
a) Describe the concept of.demand scheduling.'
b) State the need for demand scheduling.
c) Identlfy ways in which demand schedullng may be accomplished.
da) Modify his/her act1v1t1es in an attempt to even out the demand
for electricity.- :
Overview
- The use .of electric power in tnis country varies with time. It is
inefficient and expensive to use large quantities at one time and small
quantities at another. If our demand for electric power were.constant_(did
not vary) we would not need as many power plants, and it would cost less, use

less scarce fuel and pollute less.

Materials

Student activity sheet

Strategy

In order to give the student some idea of what demand:soheduling is
all about, use some analogies. First ask the questlon "What would happen
1f all the students in the school wanted to use the lavatory at the same
time?" It will be seen. that some way must be found to spread,thelr use over
a' longer period of time. . In like manner discuss the natural.ges shortage
that occurred in thelwinter.of~l976;?7. Again it will be  seen that large
quantities of gas cannot be used by all users at the sane time. In this.
case someone has to do without. In the sumﬁer'of 1977;'G1en Cove; New York
had to close some‘of~its wells due to contamination. Only half of its wells
were usable. This necessitated restrictions being placed onAthe use of water.
It was illegal to water lawns between the hourslof 6 am and 9 pm. (Time of
high use.) - 1 o S .
‘ Have the students discuss the possibility of this occurring with
electricity. _ | ~ '

Assume that it becomes necessary for some reason to set a limit on

the amount of power that was used at a given time. Have students llst vhat
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steps could be taken to meet everyone's needs and still not subercede'the

- limit.

N7

Notes tb the Teacher

The students must see that demand scheduling exists in many areas

of our society.

Sample Responses .

1. Chaos would occur.

2. Alnafural gas emergency occurs.

3. Soite industries were closed.

L.  Yes. _ ‘ .
5. Demand for water low, and the pump# could then be,uéed to supply water -

for lawns.
Answers will vary.

.'_ Yes.

Delaying of activities until late in the night.

O 0 N O

. All activities would have to be scheduled to spread the load over the

entire 24 hours in a day.

. Extension Activities ‘ S A {

Have students draw up a schedule for a hypothetical community for

the use of all electrical energy.
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natural gas?

Student Activity Sheet
Demand Scheduling

:Name

Date

What would happen if every student in this school wanted to go fhe boys'

room or girls' room at the same time?

What happened in the very cold winter of 1976-T7 to the availability of

What were the results of the above?

When many of the wells in Glen Cove were contaminated, was it proper‘for

the Mayor to outlaw the watering of lawns at certain -times of the day?

. 1 ) .
Why was the watering of lawns allowed at night and not in the day?

In what othef ways could the‘water problém be solvedi

Could the same situation develop with electricity?

If it ddes,jwhat could be done to minimize Aifficulties?

Is there a way to schedule all electrical use so that a linmited power

supply could meet all the needs?
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‘ TIME IS OF .THE ESSENCE
Student Survey of Time of Day Usage of Household Appliances

Objectives .
Students should be able to:

a) Take survey of the time of day electrical éppliances are being
used in their home over a typical 2k ‘hour period.

b) Use this 1nformat10n to make a graph of power demand vs. time-
of day for their own home.

c) Analyze their demand vs. time of day graphs for peaks and
valleys of demand. '

d) Compare their graphs with graphs of their classmates and‘dio—'
cover similarities in the time of day "peak"" and "valleys"
oceur. o

e) Compare their demand curve to the curve of an "average" resi-
dential consumer.

f) Infer that power demand on a community wide bas1s will be tre-
mendous at certain peak hours of the day.

Oferview _

In our homes:we use different amounts of electrical power at dif-
ferent times of the day. We turn the switch "on" of many appliances without
"ever thinking about the fact that our neighbors are probably doing exactly
. the same thing at exactly the same time. 1In this module; students will be -
made aware of the time.of day that they use electrical”power by taking a
survey. This information will then be used to make a power demand vs. time
of day curve. Finally, students will compare their graphs with those_df
classmates and realize that pover is being used in large quantities in-most
homes at about the same time. This conclusion will heip students understand
the significance of the "Power Demand Curve of the Average Residential

Consumer".

Materiais
Student activity sheets
Overhead projector

Transparencies 1, 2, and 3 and pen

Strategx

Begin the lesson with a discussion of how little thought we give to
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turning the switches of electrical appliances "on." We hardly ever consider

the fact, that at exactly the same moment, many of our néighbors may also be
turﬁing their switches "on." Just how do our electrical power needs vary
with time? What time of day do you think your hqusehold.needs~the most
electrical power? The least? Are your neighbor's pover needs occurring at
the same time as yours? _

' 7o accurately answer these questions we willzhafe to study how
electrical power is used in our homes on a typical day. First, look over
Chart I and compare the appliances listed with the ones you use in your own
home. If any are missing, add them under "others." If some on the list are
not used in your home, cross them out. _

~ Second, teke a survey of the time of day each appliance is turned

on and off in a typical 24 hour period in your home. Tonight, consult with
the other members of your familyAaBout which appliancés are in use during -
hours when you are away from home.

Now, enter this data on the chartbin horizontal bafs - starting-and -
ending when the switches are turned on and off.. ‘

Do a few examples to illustrate on a trahsparenéy with “the overhead
projector. (Example; refrigerator - on‘all of 24 hours, .iron - on from 8 am

to 8:30 am, and from 7 pm to 8 pm.)

Appliance . _ Time of Day Appliance is Used
Refrigerator .
Iron ' : ' ' ~T
md 1 2 3 4 5.6 7 8 9 10 1lnoonl 2 3 4 5 6 ete.

night

Students should complete as much of this chart as they can from their own

"typical"-(See teacher notes.) use of appliances. But it should be completed
af home after consulting with other family members and al8o observing family
activities. ) _ '

Third, we will need the wattage requirement of each appliance. in
your home. Tonight, as you complete your survey,.inspéét each appliance to
find its wattage. It should be stamped somewhere on thé.appliance. Enter

this in the "Actual Wattage" column. (Exaﬁplei, Suppose for a refrigerator
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the wattage is 340 watts and for an iron, 1010 watts. Enter it on the

chart (see pre?ious.diagram).

Second Day

_ Our chart shows us when applianées are turned on - but it does not
readily show how much total power is being used at different times of the
day. We call this used power - Power Demand - becausegcohsumers "demand"
that it be available. We will now make a demand curve vs. time of day.

To make a power demand vs. time of day graph,»sum the wattage of
'all appliances that are on at a given hour. (If yoﬁ éould not find the
actual wéttage of an appliance use the typical wattage given on the chart.)
This is the total power demand in watts at that héur., Plot the hour on the
x axis and the power in "watts" on the y axis. Illustrate the procedure by

using the sample data sheet on the overhead projector.

Example (using sample data)

At Tam total wattage = 2500w + 50w + 2w + 1200w + 330w
' water radio clock air refrig
heater cond. :

. = Lo82w
Plot - Tam, 4082 watts
Students should complete their own graphs during class time and then answer

the student activity questions by examining their own graphs and the graph of

a classmate.

Sample Responses

1. a) Electrical power demand is greatest between'Spm and 8pm. (Responses
will vary.) ‘ . A A.
b) This is because everyone is home, dinner is being made, TV's nre o,
etc. (Responses will vary.) '
2. a) Electrical power demand is smallest betwéén midnight and 6am.A
b) Thié is because everyone is asleep and only the appliances that are
on ali the time are being used; e.g., refrigerator.
3. My classmate's curve is very similar to mine - it "peaks' at about the
same time of day.
L, On a hot day, with more air conditioners going points would be higher

on the graph. So, the peak demand would be even greater than it is now.
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Fourth, after students have completed their curves and answered‘
the questions, a class-wide comparison of data should be made. Take.a quick
class survey of a) times when curve was highest and b).times when ‘curve: was
lowest. - Be sure students realize ﬁhat class-wide results are very similar
for "peaks" and "valleys" of power demand. A

Fifth, show the "average" demand curve for consumers for:a winter

and a summer day. Point opt'that this was compiled by a utility company by

averaging the demand of many customers. t(Use ovefhead.)" Discuss differences
between the graph and the student's own éraphs. Have them suggest possible
explanations for the differences. '

Finally, discusé the implications of so many people in.a community
needing their peak power at about the same time of day.' Will the utility
coﬁpany have trouble supplying such a large surge of power?

Tomorréw we investigate time of day power requirements from the

utilities' point of view.

- Notes to the Teacher

1. There are many appliances that are not used on a regular bésié; i.e.,
an electric carving knife may be used only once every 2 orj3 weeks.
Such appliances should be safely omitted from the survey. However, if
an appliance is used 3 times a week or more, it should be included as

‘ used on a "typical" daj.

2. In filling ouf<£he'appliance list, be sure students list each appliance
of a given type. For example, if 3 TV's are in the home, they shéuld
each be listed. _ o

3. For certain classes, where gathering data at home might be a problem,
the teacher can work with classes as a group to get “averagé" times of
day that appliances are used. Then all students in the class can use
this time data and the'typicél watts are given in the chart to'draﬁ the

demand curve.

b, In plottiﬁg the power demand curve, students heédn‘t_be restricted to

plotting points only on the hours. Intermediate points can be plotted

by more ambitidus students.
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Extension Activities.

n class, the power demand curves of remidentiéi consumers were
discussed. Commercial consumers (businesses, factofies,'shops) have a
slightly'different "average" demand curve. lave students m@ther information
from a working pareht or friend about tﬁe time of day that electrical power
is used ét work. Make a chart of appliances at work and’ﬁhe time in uSe,‘
Then convert this data to a power demand vs. time of day;cﬁrve. ~Compare
this commercial power demand curve to the residential demand curve made in

class. The peak should be significantly earlier in the commercial curve.
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Appliance

SAMPLE RESPONSE

Actual Typical

Mignigne 2 3 % 5 6 7 8 9 10 llnoonl 2 3 & 5 6 7 8 9 1011

Time of Day Appliance is Used Watts Watts.
" Refrigerator . 3%0
- Air conditioner 1200
'Electric range 8800
Broiler 1500
Clothes dryer 4000
Washing machine 500
Dish washer 1200
Toaster i 1000
Iron 1000
Color TV . 300
B/W TV 150
Stereo 100
Lamp 100
Clock 2
Radio 50
Vacuum cleaner 650
Water heater 2500
1 Window fan 200
Microwave oven ‘1500
Frying pan 1200
Blender ‘ 390
Coffee maker . 890
Other: lamp - 100
lamp 100




0£-a

Electrical Power Demand and Time of Déy

22,000

SAMPLE RESPONSE

20,000

18,000

16,000

14,000
Demand
in 12,000

Watts '10’000 :

8,000.

6,000

4,000

2,000

| mid 1 .2 3 L 56
night ' ’

~

8 9 101112 1 2
noon

Time of Day

3




.Electrical Power Demand of an Average Residential Consumer

/\ / \L‘,, .\\
/ - \
/ N
7
‘ /
Demand §\
\ Y, 3
\ / AIRN
\ / A N\
\ A H
N AN ’
\\ / AN
/( -/
<~ 111
A N /- ' ’
r\
\| /
\ .
N R ) ,/
~N< )
mid o ' Time of Day —>  mid
night ' - ‘ night

Key: ——————— Summer
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Stuient Lctivity Sheet o
o Actual Typicalz

Appliance - ' B _ Time of Day Appliance is Used Watts Wgtts
. Refrigerator | . | ~ -.330
Air conditioner _ _ 1 1 A - ’ 1200
_Electric range ' ' ' ' N a 8800
Broiler : ' 1500
Clothes dryer : . | o000
Washing machine nai _ 3 _ 500
Dish washer : a _ ' , _ ' .. _ ' 1200
Toaster : j _ L . 1000
Iron . | ' : 1000
Color TV 1l ) | || | - 300
B/W TV ' ’ | 150
Stereo | | 1 N 100
Lamp ‘ » u _ 100
_ Clock - ‘ - | 2
Redio | | ' 1 1 so
Vacuum .cleaner : ' !, E | ' : , 650-
Wateﬁ heatexr | , S _ g i’ 1 o ) 1 | 2500
Window fg: ‘: A o | 'i, ' ;éOO E
Microwave oven : e f i i 1506
Frying pen ~§ 1200
-Blender S ‘ o ! ! é -390
Coffee maker R o »! é ‘890
 OtherfA lazp B ' | § i ! lOO
Tamn oo » o 100

-

mdal 2 3 4 5 6 7 & - 01112 1 2 3 4 5 6 7 8 21011
night : noon - L Co



Hour

Student Activity Sheet

Name

bate

‘Calculations for the Total Power Demanded-
‘At Each Hour of the Day '

Total Power

12 midnight

1 am

12 noon

1l pm

Wattagé of Each Appliance That is "On"
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Your Electrical Power Demand and Time of Day

—

Demand
In . 16,070

Watts. 14,000

mid 1 2 3
night

175 6 7 8 0 101lneonl 2 3 & 5 6.7 8 9 10

Time of Day .

1Y mid
night

Q.



THERE'S A TIME AND A PLACE
Rescheduling Activities in the Home to Even Out Elqcfriéal Deﬁands

Objectives

The student should be able to:

a) Interpret a line graph. |

b) Reschedule home use of electrical appliances so as to level the

energy demand.

Overview ‘

"You all can't have it at the same time". Point out the power -
failures in New York Cityfin 1965 aﬁd 1977. Peak power.isAexpensive power

generated from gas turbines.

Materials
Student activity sheets .
Graph of "Residential Customer Summer Peak Day Load Shapes"

Graph of "Load on System Peak Day"
Electric Energy Use Chart

Strategy -

Expléin"that graphs -1 and 2 measure power in kiloﬁatts'(lo or

| )
. megawatts (106)4on the vertical axis against time of the déy on horizontal
axis.: Students should see that peaks and valleys occur at about the same:
time of day. Relate these peaks to "brownouts"'and othef~disadvantagés.
(expensive gas turbine power). Peaks repfesent overload, Valley§ under

- utilized capacity. | '

_ Students should realiie that both thesé disadvantages could ideally
be solved by a continuous level demand. Have the students develop the idea
jof chopping'the peaks off to.fill in the valleys. The need to reschedule the
home‘use of electrical appliances should now be understabd; Students may now
| refer to Chart 3 and list electrigal‘appliancesvﬁhich might be furned_off:
during peak hours of lUpm and 9pm. Lisf thé wattage of each such appliance
and the feasibility of'turning it off.. Discuss the prosAand cons of'eaqh

decision from the individual &s well as from the utilities pdint of view. =
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Sample Response

Students will usually agree that most people .can delay use of
dishwashers, washers, dryers, without. undue 1nconven1ence. Turning off
‘electric clocks, doorbells, etc., contribute insignificantly to the probleh.
On the‘hottest day people will resent not being ablé to uée their air con-
ditioners and/or fans. HoWeQer, air conditioners could have their thermo- |
stats raised 5° or more &nd thus reduce the demand. Homemakefs could avoid
using electric stoves and serve cold meals. Suggestions as fo turning off
the hot water during thié pericd receive mixed reactions. Turning off TV's

to conserve electricity will not be too well received.

. Notes to Teachers

Encourage students to see for themselves the significance of the
peaks and valleys on the power vs. time grabhs. it should be noted that
power companies, their commercial and industrial customers can do much more

to level the power demand curve.

Note: Chart I "Power & Fnergy Survey" is reprinted from NC3 Development
Booklet "Electrical Energy Use in the Home" Graphs 1 and 2 are taken
from a LILCO Load Management Report. 4
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Student Activity Sheet

Name

1. DoAyou need to use all.of the above appliances atAﬁhe same time?

Your class has discussed peak demands for electricity. Maké a list of .
all the electrical appliances in-your home that you could use at an
"off" peak period. List the wattage of each. Wattages are marked on

the appliances; Look cafefully for them.
Off Peak Appliances

__Appliance Wattage . ~

Total wattage used at
off pesk periods. -

You will now discuss your choices with others in yoﬁr class.
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BOO-A-PEAK, IT'S BACKWARDS!
What Can Utilities Do To Reduce Load Peaks?

ObJectives
The student should be able to:

a) Discuss how ﬁtility companies can induce use of electricity at
off peak hours. .

b) List alternate methods of electrical generation.

 Overview ‘ :
."Con Ed "Push" Could Button the Cool
'Cali it a might-have-been scenario for Con Ed during a summar
scorcher.

The temperature and humidity are clawing at the city. Eggs frying
on the sidewalk; people broiling in the subway - all that steamy stuff. And
over in the Con Edison's air-cooled control center somebody decides that
several million air-conditioners aré gobbling so much juice that we might
have a brownout. 4 '

No problem. Con Ed power control pushes‘a big red button. and . |
whammo, by radio control air-conditioners all over the city clung to a stop.

‘ ) Repdrts Brisk Sales - 4

Con Ed says it tried a sﬁall pilot program with such a system in
‘the summers of 1975 and 1976, and didn't like it. But more than two dozen
power companies across the country feel differently.

Motorola, which manufactures the so-called radio-controlled load
management system, says that utilities are buying them as fast as a barefoot
boy runs on hot asphalt.

The system comprises a small FM radio transmitter and any number 6f
little black boxes that can shut off central air-conditioners or electric
water-heaters with a push of the transmitter Button. A

Power companies give their customers a $4 or $5 a month discount
on their electric bill when they volunteer to have a black box installed.
The utility then usually agrees ﬁo use the button no more than 10 or 15
minutes &n hour for no more than five cénsecutive hours. '

"One North Carolina utility made a mistake and left some water

D-Lo



'hgaters off for six hours," Motorola's marketing vice president, Wally Miller

said, "and they sure heard about it from their customers."
Motorola says that short interruptions in air-conditioning or

water-heating "cause no discomfort to the customers.” But Miller admits that

-some utilities have got no further than a test program because "people just

" don't like their air-conditioners turned off."

There were no reports of utilities using the radio controls to per-

suadé deadbeats that they had better pay their bills.

Con-Ed says its  pilot program was suspended "because the cost-
benefit ratio was no good." But Motorola says there are still a hundred or
so of those little blaeck boxes lying around in some Con Ed warehouse.

Maybe, waiting for another sweltering week of power crises? -

Materials

Chart "Current Residential Electric Rates", Lilco
Electric Company bill from teacher and student's home
Chart "Time of Use Residential Electric Rate", Lilco

Chart "Current Commercial Electric Rate Without and With Demand Meter"

Strétegx

Day 1. After a brief lecture on rate schedules, the class will com-

- pute their individual electric bill. Sample bills can be computed on the

blackboard using standard residential rates. A second class group can compute

bills using the ‘same amount of kilowatt hours but with the demand schedule

""Off peak hours rate". Compare the bills and discuss benefits to consumers

and benefits tg the electric éompany.'~

Day 2. Today lecture on the benefits of "pump sﬁorage" to the.
electric company and indirectly to the. students’ family bills. The prime
oﬁjective is to make students aware of off peak hours as they apply to the
electric company and the electric consumer. A film on the.Co Ed Storm King

Mountain Project may be obtained and shown,

Other Readings
Report 149-B For Member Firms N.Y.S. Power Pool". See of PSC, .
Mr. Madison.
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Possible Residential Qff-Peek Metering Syst

20 + .AMP

o0 e Mmoo s s e an e AR e e e e W S o o]

Time Clock
w/Sunday omit
(Future control by
ripple, radio or
telephone, etc.) -

'

|

o 1

LILCO installation 1
"-on house cxterior r// 35 a

]

" LILCO (S1ightly larger than
interior breaker, if
Breaker possible)

Off-peak
meter

em

" Existing
Service

Drop

100 Amp

Full
Service
Meter . -«

House
Extertor

7 7 7

LILCO to have clectrical
contractor install

interior breaker ! 1 -~
box, at cost to the 1 -
.customer J f"
'
New 30 a
Breaker
Box

N
0
A :;\ : |
N
N
N

Existing
100 AMP

Wreaker Box|-

Ll L L7

‘Interior

i

Customer to sclect loads and
to contract for wiring changes
and provide annual survey of
connected loads
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Demand Charge

Energy Charge

July, 1977

CURRENT COMMERCIAL ELECTRIC RATE
(Excluding Fuel Charge)
Primary Service

Monthly With Demand Meter.

Demand Charge _ ~July, 1977.
‘ KW Rate

0 to 50 4 - $3.57/kwW
Above 50 | 3.42/KW.

85% ratchet applies based on summer demand

Energy Charge

0 to 6,000 - 3. L6 /KWH
6,001 to 30,000 3.07¢/KWH
30,001 to 36,000% 2.61¢/KWH
Above 36,000 2.33¢/KwH

Minimum Charge of $13.80

¥36,000 KWH level varies depending on demand

COMMERCIAL TIME OF USE ELECTRIC RATE
(Excluding Fuel Charge)
Primary Service

Monthly

Midnight to 10:00 am to 10:00 pm

7:00 am - June to September
" "All ‘Montls Except Sundays: All Other Hours
None $5.60/KW . . . $1.40/Kw

1.71¢/KwH 3.18¢ /KWH  2.61¢/KWH
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BEAT THE PEAK!
What Can Be Done in Industry to Reduce Peak Usage?

ObjJectives

The student should be able to: »
a) Describe the need for industry to reduce pesk usage.
b) Realize the amount of energy industry‘uSes during peak hours.

¢) Discuss ways in which industry can use energy in off—peak hours.

Overview

Industrlal use, as well as the natlonal use, of electricity is-
rising at a rapid rate. In searchlng for optlmum distribution of electrical
use, the industries of our country must seek to equalize use during off-peak
hours and peak hours. There are ways in which industrytcan reschedule elec-

trical use without effecting production.

Materials
Student activity sheet
Film ’

Strategy

Lecture and Class Discussion:

In introducing the activity, discuss-the importance:of industfies
to the community and the country. But also ask if there are any ways in
which industry can be of service to the area during our present energy crisis.
Discuss here the fact that electrlcal use is limited during certain hours and
that this may soon have an effect on each person's life style. For4example,
not being able to go home and watch TV and use other appliances. '

' .Discuss what the hours of peak usage are and show by the graph

what the curves for usage are during a 2k hour day;
, Explain what may happen if industry and the residential community
turned all electrical power on at theAsame time The students should now
see that industry can help by maybe ut111z1ng a schedule that’ w1ll enable’
the plants to run durlng off-peak hours. '

. ‘Another idea may be the reschedullng of the entire work day. Is
this feasible or not? Leave room for discussion. Questions may arise as to

what may happen to the family routine if mom or dad were to change their work
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schedules. Can industry handle the wage scales of night work?

Other aspects to discuss can be the idea of lights being left on 1n

commercial buildings all nlght alr condltlonlng left on all night, etc.

Sample~Responses

1. Yes - to even out the peak curve and use energy in a more unlform manner.
' 2. Brownouts and blackouts could occur. .
3. Change in worklng hours. Companies :could start workers earller 1n the

mornirng and dismiss them at 2:00 or 3:00 pm. }
L, Answers will vary -~ example: new.meal tlmes,'change in TV program
times, etc.

5. Yes - both can attempt to use energy at "off" peak periods.

6. Ideally industry could use energy between 10 pm and 10am, This is not
practical, though.

T. Answers will vary, but salaries for night work might be higher.

8. Yes - everyone must save energy.

9. Yes - everyone must learn to save energy.

10. Answers will vary. Turn off all energy users when not in operation

(lights, air conditioning, etc.). Send people home early on hot days.

=

X

' Optimum Power e

Y:

KE : Available §

’ ()]

: a

\—////”\5\ Consuner
- Demand
l -
Mid-

nigne 2l

Time (Hours)
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Student Activity Sheet

Name'

Daﬁe

Is there a'need for industry to reduce electrical uSage during peak

hours? ' Why?

What would happen if industry and the residential community all turned

on their electrical power during peak usage?

What can industry do to stop usage during peak hours?

Can any of these changes have ah effect on the family routine?

Is there an optimum way to schedule electrical use between industry and

.the residential community?

If so, what would that "optimum" schedule look like?

How might this ScheduleAeffect the industry financially?

Does industry have an obligation to coﬂserve during peak'usage?
Why? ' ‘

Do you have an obligation to conserve during peak usage?

Why?

Other than rescheduling major power usage for off peak hours, list some
other ways industry, or commercial buildings can conserve the use of

energy.
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THE MEEK SHALL INHERIT THE PEAK
What Can Government Do To Reduce Load Peaks

.Objectivés
. - The student should be able to:
a) Describe how governments can induce people to use electrlc
eriergy at "off" peak perlods
Overview . .
lThis‘actiVity is to introduce students to ways in'which government -
local, state and federal - can help induce use of electric current at off

peak periods during day and night.

Materials

Chart, "Current Residential Electric Rate"

Chart, "Time of Use Residential Electric Rate"

Chart, "Current Commercial Electric Rate With or Without Demand Meter"
Chart,‘"Metering Installation Costs"

Chart, " Possible Residential Off Peak Mefering"

Strategy

Day 1. Lecture and Discussion. Local,'stéte and federal tax in-
centives - to be offered to customers and electric company to help induce
off péak use and curtail peak electric demand.

Day 2. Lecture and Discussion. Federal loans and grants to
defray the cost of new demand meters to residential customers.

i N

Meter Installation Coéts

Conventional
Residential _ $ 22
Small Commercial - 22 - 50
Large Commercial o 80 - lSO

Time-of-Use

Residential $ 250 - 400 -
Small Commercial koo - 1000
Large Commercial 1000
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Possible Residential Off-Pesk Metering Systenm

30 + AMP

!
Time Clock )
w/Sunday omit
(Future control by
-ripple, radio or
telephone, etc.)

LILCO installation

Breaker possible)

1

1

1

1 LILCO (Slightly larger than
- -on house cxterior (/’ 35 a interior breaker,

'

" Existing

ifr

Existing -

Service
Drop

100 AMP

- Off-peak Full
~meter KWwH Service :
- - Meter Meter. ..’
. Hournce
’ Ex L(?l‘_jf_)l:_
/l L L A YA A A4
: o Interior

LILCO to have clectrical
contractor install

""'"i""
N
N
|l

interior breaker 1 -
box, at cost to the. |
customer (/
. .
New 30 a
Breaker -
30 X

Customer to select- loads and
to contract for wiring changes
and provide annual survey of
connected loads
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COMMERCIAL TIME OF USE ELECTRIC RATE
(Excluding Fuel Charge)

Primary Service

‘D-50

Monthly
Midnight To  10:00 am to 10:00 pm ~ July, 1977
T7:00 am June to - September . -
' . All Months Except Sundays All Other Hours
Demand Charge None ' $5.60/KW $1.40/KW
*  Energy Charge 1.71¢/KWH 3.18¢/KwH 2.61¢/KWH
CURRENT RESIDENTIAL ELECTRIC RATE
(Excluding Fuel Charge)
Monthly
KWH : Summer - Winter
0 to 12 : $2.L0 $2.40
13t0 90 - 5. 504 /KWH 5. 50¢ /KWH
%91 to 600 ' - L. 99¢ /KWH L. 38¢/KwH
*Above 600 ' L. 99¢/KWH L.05¢/KwH
*Alternate for water and space heat: ‘
400 to 850 water 2.93¢/KWH 2.93¢/KwH
. Above 850 space 4.99¢/KWH 2.85¢/KWH
July, 1977



ENERGY: OPTIONS FOR THE FUTURE

CURRICULUM DEVELOPMENT FOR THE HIGH SCHOOL
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INTRODUCTION

1

Recent state and_regional energy crises demdnstraﬁe the
delicate balance between the energy system, the environmgnt,_andithe
economy. Indeed, interaction among these three:elements ih our
society is very complex. However, any permanent change in the directions
of our energy demand énd supply for the future involves the formation
of a new "energy ethic". To do so requires a broad base of information
and understanding of the energy system, and this needs to beldevéloped,
particﬁlarly among those still in school. Iou, the teacher, play a mosf
, impbrtant role in providing that base of information whiéh &ill become

part of the new generation's thinking‘about the énergy«sjstem. These
materials are intended to enhance your ability -to provide energy-related
edﬁcation'to studeﬁts within your own academic setting‘and to provide
students with a better undersfanding and awareness of fundamental princi-
ples of energy supply, conversion‘processes and utilization now and in
the future. .

‘ Since it is not possible to cover all aspects bf‘energy systems,
the curriculum materialg designed in this project were limited to'a number
of areas considered important from two polnts of view: energy-deveiopments
which are now occurring but whose implications are.not yet clearly recognized

" and/or that broad area of'potential new developments'which have impbriant
implications for the‘future. The specific areas of cufriculum materaials

are~the‘following -

CONSERVATION. We are coming to realize, albeit slowly, that the supply of .

rav materials from which ‘energy is- produced is finite and decreasing rapidly.
Not only 1s supply decreasing, but demand continues ﬁolgrow.: The most
optimistic forecasts show that the world resources of peﬁroleum and natural’
gas, the two main sources of energy today, will be gone within the next
fifty years. Consequently, we need to explore ways to conserve energy by

. using fewef energy-intensive devices, reducing our iife style to one less

dependent on energy, and possibilities for substituting new technologies.
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DEMAND SCHEDULING. Electricity, since its first introduction, has pro-

vided a cheap, clean, efficlent source of energy. We have also come to
expect that any required demand for electricity on our part as 1ndividual
consumers, will be met. We turn on the switch and expect the liyhts to
come on. Large investments in the electricity generating plant are
required to satisfy increasiog demand, particularly during "peak" periods. -
Consequently, the overall cost of electricity generation becomes quite:
expensive - a result we have seen in recent years. The :issue is particu-
'ierly important since utility companies are now testing, and will soon offer

to the consumer, electric metering for homes on a demend—scheduled basis.

ENFRGY IN THE FOOD SYSTEM. Our agricultufal system hashbecome increasingly

dependent upon the use of energy-intensive fertilizers for large crop
production. In addition, energy requirements for food processing continue A
to grow; It is estimated that about one half of U.S. freight transportationf
is involved in the movement of foode of one kind or another. With the
decline in the supply of fuels, we‘mﬁst ask whether our currentinational'
pattern of energy consumption in the food industries, partlcularly the .
trend toward increasing use of energy in food proce531ng and packaglng,

are desirable trends for the future.

NEW TECHNOLOGIES (50181-' Wind, Biomass). It can be argued that the problem

in our energy system today is not that we use too much energy, but rafher
" that we use the wrong klnds of energy. 0il and natural gas form important
components for synthetic materials, chemicals, and the llhe. Wherever
- possible, they should be conserved for such long-term uses.. Ccnsequently,
we should shift from a fossil fuei'resource bese t0 a renewable energy

resource base, particularly the use of solar, wind, and biomass sources. .

ENVIRONMENT. The direct use of energy involves varioﬁs pollutant emissions.
In addit10n,>1ndirect use of energy in the creation of industrlal goods

has secondary envirommental impacts in a number of areas. Of recent concern
are long term trends in accumulation of carboﬁ dioxide'and other gases and
particulate matter in the atmosphere. These seeﬁ to produce.unfevorable
atmospheric conditions involving "the greenhouse effect", thermal inversions,

and the like.
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The modules prépared in each qf these areas cohsist of an
introduétory background statement and a series of one-day lesson plans,
along with suggested bibliography and réferences to other materials.

The background statements are intendéd'to introduce thé ﬁopic‘to‘you,
the‘teécher, and should reduce your need for reading a number of origidéli
papers and other citations to the literatufe. However, the backgféund
statements are sufficiently short that they can not maké you en energy-
eipert, and we would hope that you pursué additiénal reading on your own.
Single day lesson plans were designed for easy use within existing
courses. as well as in the construction. of new courses.  As & result, it
isAhoped these cqrriculum materials will be useful in & variety of courses.

A special note to ydu; the user of thése curriculum materials,
is in order. The materials are made available in draft copy becausé of
widespread interest in energy issues. Where you encounter rough spots,
‘loss of proper citations to the liferature, or other problems, btear with
us. A brief eévaluation form is included in this document. We encourage
you to give us your reactions and any improvements we might ad& to make
these materials more useful to you and to other teachers., The names and
school affiliation of the project partiéipants are notéd in the ﬁaterial
S0 you can feel free to contact the individual teachers on specific
questions. Finally, these documents reflect a concentrated effort over
three weeks by the teachers associated with the curriculum development
project, and their efforts to translate enérgy issues into high school

course material for you.
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ENERGY AND THE ENVIRONMENT -

Statement of the Problem

Education: has an enormous responsibility forvgenerating environ-
mental awareness in soéiety. Our commitment must be to make the best use
of the educational resources available ﬁo us, in order that young people,

" as they leave the educstional system and become decision—making adults, may
be adequately prepared to assess their actions in terms of what constitutes
the "good life" and how it may be achieved and maintained for the greatest
numbér of people. This, of course, requires that people be equipped‘with
basic analytical skills and with information ebout.humen life and the

environment.

Statement of Principles

1. The esrth is a closed system as to matter,'and budgeted as to energy.

Waste matter does not leave the earth. Energy is belng used faster
than it is being stored.

2. The earth is dynamic. Everything moves, affects other places.. Some

changes are cyclic, in balance; others lop-51de6.

3. The earth uses the sun's energy. Past build-up of fossil fuels. and

ongeing build-up of biomass, hydropower, and wind. Other energy is
i in the tides and the nucleus of the atom.

L, The éarth is ruled by Natural Law, but the effect of people has been

increasing and off-balance. Sir Francis Bacon said, "Nature is not

. governed except by obeing her."

D, Our environment is the planet Earth - _atmosphere, hydrosphere, litho~

sphere, blosphere and man—made structures.,

T. Environment is changed by people dlstrlbutlng matter dlfferently and by

changlng it in form (PCBs radlolsotopes)

: custom, and rellslon-m%n.,A

9. = Adverse env1ronmental changes are called pollut1on.‘

10.. Pollution contlnues due to ignorance of 1ts exlstance,‘and of its .degree

of hazard. Pollution continues due to the cost of prevention and clean-
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up; Pollution continues due to the trade-offs involved; "énergy

need" versus pollution.

Principles 6'and T deal most directly with the effect of' energy

. production and use on the environment. Some additional .aspects are:

Environment is changed by people distributing matter in a way

different from nature.

Energy

Eﬁergy

Depleting some (oxygen in water) .

Increasing others (carbon dioxide in the air).

Releasing new or exotic materialskinto the ﬁir, waﬁer'and
soil - some toxic; some carcinogenic; ste'radioagtivé;

some atoms which never existed on earth before.

Raising the temperature of air and watér; sometimes causing
a shift in rain areasj probably causing future climate
changes due to the greenhouse effect. | ‘

use is expected to:

Increase with increasing pqpulation.

Increase with increasing standard of living,; both in
developed and develbbing countries.

As the quality of energy used increases,.quality of
pollution can increase.

is expected to come from: ‘ ,
New sources as current fuels become more difficulf'to obtain.
These new sources can bring new‘poliution problems, some

that cannot yét be determined.

Life on earth evolved within a limited range of envirohment of

matter

extent

and energy and iﬁs needs and tolerances are to a great

the result of this evolution.

There are ongoing debates about tolerable maximums for pollutants}

Many substances are harmful in incredibly tiny emounts.

Some pollutants show effect only after a long time.

What are the trade—offs being considered?’

Price vs. purity.

- Energy 'needs" vs. hazards.
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Whet is tolerable damage to people? to their poSsessions?ﬁ, o

Conservation provides more avallable energy w1thout more pollutlon

by using the same _energy more eff1c1ently

0verv1ew of the Problem

‘Note: This overview is designed to’ glve the teacher an idea of
the full scope of the problem - Energy and the Environment. The problem -
covers almost all areas of our environment. It is not intended that the'

aetivities which follow it will hit upon all areas mentioned. It is pre-

sented with the intent that the teacher may understand the full scope-of

the problem, and hopefully, pass this understanding on to' the students.

Class discussion and teacher-designed activities will hopefully bring out

other important ideas pertinent to this topic.

The first problems arise in securing the fuel. 0il wells may
"plow out" leading to spills and burning. Underground mining is dangerous,

harmful to health (coal, uranium) and pollutes water (coal). Strip mining

destroys valuable land, pollutes water with chemicals, and kills fish and

wildlife. Low sulphur fuels are not readily available and cost more to

obtain, resulting in the use of higher sulpher content fuels. Hydroelectric

is good, cheap, clean energy, but problems arise in damming streams and

rivers. There is siltation behind dams, blockage to fish spawning areas,

and flooding of valusble land. ‘
Solutlons to these problems almost always add to the cost of ,»"

fuels causing lower profits for business and higher prices for consumers,_so

'environmental protection and cost factors have to. be weighed. Mine safety

standards must be strictly adhered to. This is difficult for small operetors..

Land must be reclaimed after strip mining. Low sulpher fuels must be used

or sulpher must be cleaned from exhausts. Alternatives are solar energy, L
biomass energy, geothermal energy, and maybe nuclear energy. Conservation
is the ultimate solution. '

The rext problem area is in transportation of the fuel, Air.

pollution is created by the vast numbers of trucks and ships which transport
the fuels. Water pollution results from oil spills and shiﬁ traffic. Noise

pollution is increased with. increased ship and truck traffic;d/Landlpollution
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is a problem in relation to pipelines and spilled oil. Prbblems also arise

in transporting nuclear fuels and wastes,

Solutions to these problems are difficult and often costly Use
fuels neer source, if possible. 'Control of shipplng is. not always de51rable.
Pipeline projects should be carefully con51dered,-we1gh;ng_env1ronmental . :
impact against benefits. '

The final problem area is the use of the fuel to produce power. No

energy production system, with the possible exception of hydropower, does
noﬁ add to air pollution. ‘
- Automobiles are a-major source of air pollution, adding much of"
the NO,, CO,, |
- Fossil fuel plants add large amounts of sulfur oxides, carbon

and particulates found in the air.

dioxide and particulates to the air, plus thermal pollution
from cooling waterf’ 4
- Nuclear plants add very'small amounts of radioactivity, as com-.
pared with backgreund levels, during operation. They eontribute :
'more thermal pollution’ than fossil plants and present the long-
range problems of storage of radioactive wastes. '
. A key solution is to conserve all forms of energy. .This cutsuvhe'
amount pf.transportation needed and‘therefore solves many problems.
| Amerlcans consume energy at an alarming rate in tranSportatlon, as
'electrlcal energy in many appllcatlons, in high energy food production, and
in high energy industrial productlon. Transportation contrlbutes about L2%
of the air pollution with other energy uses contributing most of the rest
Thermal pollution is increased with almost all forms of energy use. Water
pollution and noise pollution are increased, but to a lesser extent.

' .Air pollution problems are all technologically‘solvable. Do.we
measure the cost in dollars or in human health and life° Thermal pollution
mey be partly solved by u81ng waste heat in space heating applications.. A
ficious cycle exists in that mining, transporting and consumlng energy all
require use of more energy. Mass transit can help solve problems, but in
~only llmlted areas. A 4 y

Flnal solutlons to these consumptlon problems are, agaln, conser-

vation and use of energy sources whlch are.less’ damaglng to our env1ronment.
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. ENERGY AND THE ENV.IRONMENT

Background for Teachers

What Are the Environmental Effects
of Producing and Using Natural Gas?

Natural gas in general has few harmful effects on
people or the environment. It is basically a clean fuel,
with practically no sulfur impurity and, therefore, contrib-
utes little to sulfurous smog. Like any-fuel, when it is .
burned it will produce some of the nitrogen oxides that
are part of the “photochemical” smog present in places
like Los Angeles.

While safe for household use, natural gas does have
explosnve potential as the occasional leak-caused home
explosion attests. It is not poisonous but can cause’ .
death by carbon monoxide poisoning if burned in a
poorly ventilated room. About 100 people per year lose
their lives from gas explosions and another 230 suffer
from carbon monoxide poisoning due to gas fires.

Although many people prefer natural gas becauseitis

" clean and environmentally safe, it is presently our most
limited fossil fuel resource and cannot-be considered
the answer to our. long-term energy problem. .

What Are the Environmental Effects
of Producing and Using Oil?

Oil can harm the environment when it is. produced
shlpped or burned. Although land-based wells and land
transportation of oil can be messy, offshore or Arctic:
drilling for oil and its shipment by sea causes most of the
environmental worries. Wells leak oil into the ocean or
spill it in"the occasional blowout. Tankers cleaning out -
their holds dump oil into the sea or spill itin an accident.

. In the Arctic, il spills on the ice take a long time to -
disappear and pipes, such as the one-being built across
Alaska, can cause many-changes in the land they cross.

_ Oil refineries,” which process. the oil to produce -
gasoline, heating oil, asphalt, and other products,

create air and noise pollution as well as waste products,

such as sludge and brine, that can create land and water
pollutlon unless controlled.

Aiir. poliution is a major problem. The burning of oil in
furnaces adds harmful gases to the environment uniess
emission controls are added to the system. The Clean



Air Act of 1970 has set standards for oil refineries and
other manufacturing plants in an attempt to control the
emission of harmful gases into the atmosphere. Plants
may be flined or closed if they do not comply with state
reguiations. At present no legislation has been passed.
to regulate air pollution from individual-home furnaces.
These harmful gases contribute to a variety of respira- -
tory problems in people and animals. - .

The Water Quality Act of 1970 was passed to help
‘regulate water pollution caused by oil spills and offshore
oil drilling. The Federal Government has authority to
conduct water clean-up operations and bill the respon-
sible party later.

" Energy - Environment Mini-Unit Guide, NSTA, 1975, p. 135, 137.

What Abr'e the Environmental Effects
of Producing and Consuming Coal?

Coal mining is harmfulto the environmentin a number
of ways. When strip or surface mining is used, huge
shovels — 200 feet tall, weighing millions of pounds —
and other equipment move trees, shrubs, grass, and
topsoil to get at the coal underneath. This is a cheaper
way to harvest coal than underground mining and usu- -
ally yields a higher percentage of the coal in the.seam,

- 80 to 90 percent, than the 50 percent yield from under-
ground mining.

Strip mining leaves the ground turned up and desol-
ate. The exposed, bare ground, if it is on a hillside, is
easily eroded and the silt and acid (formed when water .
combines with sulfur |mpunt|es) damage vegetation and
stream life. On arid land it may take years for any vege-
tation at all to return.

The strip-mining picture is improving in this country

_All states now have laws that require the restoration of
7 ‘mined lands, and the enforcement of these laws is be-
" coming more vigorous.

Coal mining has also been costly in terms of human
life: it is considered the most hazardous occupation in
this country, 152 miners were killed in 1973. New coal
mine health and safety regulations are being enforced,
making the mines.safer. The 152 miners killed in 1973
was a much better record than the 250 killed in.1970.



In addition to the mine accidents, many miners have
been afflicted with black lung disease. It is estimated
‘that as many as 125,000 miners may have this life-
shortening illness and that it contributes to some 3,000
'go 4,000 deaths per.year. The new health and safety -
laws call for regulation in this area and measurement of

“dustlevels in mines already show that coal dusti is below
the designated maximum level. i
Coal also causes problems when it is burned. Mos!.
coal contains a chemical called sulfur that, when itis
burned, creates a gas which escapes .up the smoke-
stack and contributes to the smog we sometimes see -
over cities in the winter. This smog can be harmful to
. people and other living things. And soot from burning
coal is one of the causes of the dirt and grime that cover
our cities. The new clean air laws cause utility. com-
panies to employ emission control devices. Most elec-
tric power plants now have equipment that removes 99
percent of the soot from the smokestack fumes and
equipment is coming into use that can take out most of
the sulfur also.
Since our supplies of coal are much greater than 't.he
supplies of the other fossil fuels, oil and natural gas; - -
" scientists and engineers_have developed means for -
creating synthetic or manufactured gas from coal. While
the environmental effects of mining coal would not.be
reduced, the “gasification” of coal could add to our
supplies of natural gas and decrease the contnbutuon
" coal makes to our.air pollution.

What Are the Environmental Effects
- of Producing and Consuming Electricity?

Electric energy today depends largely upon the fossil
fuels — coal, oil, and gas. Whenever a fuel is burned to
create the steam which produces electricity, much of the
_ heat created by burnlng the fuelis lost. The best electric

plants convert 40 percent of the fuel's energy into elec-
tric energy, allowing 60 percent to become wasted heat.
_About 10 percent of this heat loss leaves the plant as hot
gas while the rest is discharged into the cooling water
and enters nearby rivers or lakes. This increase in water
temperature does not directly affect the health of peo-
ple, but it can affect the marine life in the body of water it
enters. Some of these effects are considered beneficial
for the marine life, but most are considered harmful. Ata }
certain stage of development, an increase in water
temperature can help eggs and young fish grow faster.
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However, increased temperature often results in a loss
of the more desirable species of fish and stimulates the
less desirable. Higher temperatures can also.affect the
migratory habits of fish.

In addition, higher temperatures increase water
evaporation and help concentrate the minerals already
present in water. In cold areas, the warmer waters
would stimulate recreational use; while in already warm
waters, they would make the waters’ use undesirable. .

The Water Quality Act sets the standards for water
quality. This includes temperature regutation of our riv-
ers, streams, and lakes. Each state specifies the allow- -
able rate-of-change of water temperature. Most states
set the maximum water temperature change at Iess k
than 5°F .

Utilities are seeking practical ways of using their’
waste heat for such things as heating commercial build-
ings or in industrial processes. It may also be em-
ployedindesalting water andin agriculture. They are also
turning away from direct use of river or lake water to
cooling towers. In these towers a smaller amount of
cooling water is recirculated and cooled either by evap-
oration (the “wet cooling towers”) or by cooling fins in
contact with air (the “dry cooling towers”). The use of
such towers might increase the cost of electric power 5

to 10 percent.
" Besides increasing water temperatures, power plants
burning fossil fuels add sulfur dioxide and other gases to.
the air, forming smog that is harmful to man, materials,
and crops. It contributes to diseases such as bronchitis
- and emphysema. The Clean Air Act establishes and
maintains regional, state, and local air poliution control
programs and enforcement of its provisions is bringing
about more control over utility emissions. :
~In addition to gases and heat, fly ash enters the air
and deposits dirt on surrounding homes and factories.-
- This can also affect health and possibly even the climate
of a given region. Gases and fly ash are controlled by
equipment capable of removing 99 percent of the partl-
~ cles from the air.

How Does Nuciear Energy
Affect the Environment?

Nuclear energy affects the environment in two main
ways. On the one hand, there are environmental effects
of mining and processing uranium. On the other hand,
there are dangers to-the environment and to people
from the reactors themselves.




Etfects of mining uranium: Uranium mining prob-
lems are similar to those of other types of mining. The °
miners are exposed to dust, accidents, fumes, and in-
tense noise. The major concern, however, is the added

presence of radioactive gas. Uranium is slightly radloac-~
tive and the U.S. Public Health Service has connected
the relationship between exposure to radioactivity and
lung cancer in humans. Uranium miners have higher
rates of lung cancer than the general population. Con-
trols for reducing the amount. of radioactivity in the
mines are being investigated. The waste materials from |
uranium mining are also dangerous and must be kept
- out of contact with living things.

Effects of nuclear reactors: There are two dangers
fromthe reactors themselves. The leftover fuel material . -
is highly radioactive and must be kept out of contact with ~
living materials. There are about 45,000 gallons of . -

_radioactive waste produced for every 1,000 megawatts
- of electricity produced, and this must be stored some-
where for hundreds of years.

Large doses of radiation can sericusly injure or kill
human beings. Much less is known about the effects of
the very small doses associated with the discharge from
‘nuclear plants. Scientific opinion is, however, that even
small doses do some amount of genetic damage and
carry a low cancer-causing probability. Radiation levels
from nuclear plant discharge are considerably smaller, -

_ at present, than are the levels we are exposed to from
other man-made and natural sources.

The radioactivity associated with nuclear waste is
_potentially much more dangerous than-that from plant .
discharge and for that reason it must be safely and
securely stored. The final disposition of this material has
not yet been decided, and more and more accumulates
as the number of operating reactors increases.

The major concern about nuclear reactors is the possi-
bility of an accident.- While present-day reactors cannot
explode like a nuclear bomb, there are possible mal-
functions that can result-in a small explosion. The
spread of radioactive debris over the countrysnde would
be a catastrophe.
~ In arecent study funded by the Atomic Enérgy Com-
mission (this agency no longer exists and most of its
functions are absorbed in the Energy Research and:
Development Agency, ERDA), the probabilities of such
accidents were estimated. The conclusion was that

- serious-accidents are not very likely — only one chance
"in one billion of an accident causing some 2,000 deaths.

. Such an accident, however, could do as much as $2
billion in property damage. These are risks which must -
be weighed into the cost of nuclear power.

Energy-Environment Mini-Unit Guide, NSTA, 1975, p. 140-141, 145,
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The Automobile and Air Pollution

Sulturous smog is the classical smog which, we read,.
offended the eyes and noses of 19th-century English’
royalty. In this country we have, along with our invention
of the automobile, invented a new kind of smog- It is this

. so-called “photochemical smog"” that Los Angeles has
made famous. It is, unfortunately, now in evidence
“everywhere that automobiles are clustered. . .

In photochemical smog the indirect and synergistic
effects that we have just described are even more obvi- -
ous. The troublesome smog components, ozone and
the PANs (for peroxyacetyl nitrates), for instance, are

t “primary”pollutants emitted by the auto but are
“secondary” poliutants formed from the primary ones
by action of sunlight (hence photochemical)

The necessary ingredients for this solar stew are the
hydrocarbons and the nitrogen oxides from auto ex-
haust. By a series of complicated reactions, which de-
pend on the energy provided by sunlight, ozone (Os), a
molecule made up of three oxygen atoms, along with a
group of complicated organic molecules, and the PANs
are produced. These latter are the most irritating compo-

nents. Ozone is responsible for the sharp, unpleasant -

odor of smog and with the PANs contributes to eye
irritation. It is one of the NOxs, nitrogen dioxide (NOz),
which gives smog its typical brownish color. Because of

the dependence on sunlight, the photochemical smog
usually shows up in lhe afternoon, after sunlight has
~worked on the lingering exhaust of the mormng and
previous evening's rush hour.

The hazards of photochemical smog: The urntatlng
effects of photochemical smog are easily demaon-
strated. It is harder to demonstrate more serious dam-
age to health. Because photochemical smog rarely oc- -
curs in intense single periods that can be studied, and
does not lead to an easily marked increase in deaths,
statistical evidence connecting this smog to deaths is
difficult to obtain. It is expected that the more thorough.
studies under way will tell us more about its effects. -

Itis the photochemical smog that causes most of the
damage to vegetation. Levels of PAN as small as 0.01
or 0.05 parts per-million can produce damage within an
hour, and ozone is almost as bad. Lealy vegetables are
the most sensitive, but éven trees can be damaged. Itis
no wonder that they are replacing real trees with piashc
ones along the Los Angeles freeways (and ozone will
evenlually destroy them). : .




Carbon monoxide: Another troublesome pollutant
from the automobile that co-exists with photochemical
smog is carbon monoxide. This odorless, but deadly

' gasis produced by the incomplete burning ofthe carbon
- atoms in hydrocarbon molecules:ltis,.as we have: seen,

the major poliutant’ on the basis of. wenght ‘six times as
much is produced in auto exhaust asiNOx. it is lethal at .

Jevels of 600 parts per million (ppm)-~-and can cause
‘headaches .and other-problems at 100_ppm. {t.acts by
‘reducing the mobility of oxygen in the blood, replacing
" the oxygen molecule in hemoglobin and causing nearby

hemoglobin molecules to hold on to-their oxygen. It is
found wherever automobiles congregate levels of 50

* and even-100 ppm have been found |n heavy trafﬂc

automobile tunnels, etc.

Lead: Lead is another poisonous contammant the
automobile favors us with (although there. are some
industrial sources of lead, and it is released by incinerat-
ing certain waste materials). In gasoline, a lead atom is
"hooked on to a hydrocarbon molecule to slow down the
rate of burning and thus prevent premature firing or
“knocking.” It was' the .addition of lead that gave au-
tomobile engines the sharp efficiency increase in the
1940s that is shown in Figure 3-10, Volume I1. Itis now
an additive to the environment. Studies on the ice
sheetsir Greenland showits year-by-yearincrease. It is.
also found in a city's air inproportion to the gasoline its
cars consume. There seems no question of its source,

“Its effects, like those of the other pollutants, are dif-

ficuit to predlct We know it accumulates in bone and in -

large enough quantity can cause “lead poisoning.” We
ncw have, unfortunately, a large’ exposed population
and wnll soon be able to determlne its etfects with some
P00, :

vad may be the first pollutant to go. It has run mto the
powerful opposition of the automobile industry because
it damages the “catalytic converters’ with whnch they

_hope to control the other pollutants.

Emission controls: The sources of the various pol-
lutants within the automobile’s anatomy are shown in
Figure 4-4. Some of these can be handied easily. Evap-
oration from the carburetor has been reduced by better
seals, and the "blowby” gases are being fed back

"through the engine. The exhaust however remains a

problem.
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It looked easy at first. Since CO and the HCs both
result from incomplete burning, their production can be
reduced if a “leaner” mixture (increased air to fuel ratio)
is used. This, incidentally, is a more efficient mixture
(mare miles per gallon) The cars in the 1960s were
adjusted toleaner mixtures and their CO and HC emis-
sions were reduced. Unfortunately, the leaner mixtures
burned at a higher temperature thus mcreasmg the pro-
ductlon of the NOx. The NOx levels in California did
increase in the 1960s while the CO and HC levels
dropped In 1971 the restrictions were extended to in- .
clude NOx

The Clean Air Act of 1970 specified that the 1975 car
emit no more than 10 percent of the CO and the HC of
1970 models, and that 1976 models emit no more than
10 percent of the NOx of 1971 models. Auto companies
resisted this edict and implementation.was postponed
untll at Ieast 1977.

Emission. reduction in the near future will be accom-
,pllshed by add-on devices rather than by -engine rede-
S|gn The current choice is the catalytic converter, which
converts CO to carbon dioxide (COz) and hydrocarbons
to water. They will not at the same time remove NOx, but
the. engine can be adjusted to a - ‘richer” mixture to
reduce these emissions.

. The richer mix and the converlers themselves lower
gasoline mileage by 7 percent or so, a major argument
in the campaign .against the restrictions. In fact the
mileage penally is about the same as that imposed by
air conditioning and considerably less than that caused
by the increasing weight of cars.
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Approximate Distribution of
Automobile Pollutants by Source

FUEL TANK and’ \
CARBURETOR EVAPORATION

20% of the
hydrocarbons

EXHAUST
100% of the catbon monoxid
00'% of the oxides of nitrogen
100% of the lead compounds
" 55% of the hydrocarbons

4NKCASE

aLoway
25% ot the
hydrocarlnns

Source: ""The Automobile and Air Pollution: A Program for Pro-
gress,” Part 1), U.S. Department of Commerce, Decernber,

1967.

Energy-Environment Source Boo, NSTA, 1975, p. 34-35..

Chapter 4, pages 31-L3, entitled "The Environment -and Energy

Consumption" is worthwhile to include. Pages 34 and 35 are excerpts above.
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I DIDN'T KNOW IT WAS THERE TIL T WAS BIT

Environmental Awareness

Objectives
The student should be able to:

a) Distinguish act1v1t1es or processes that have env1ronmental
1mpact from those that do not.

b) Identify the source of pollutlon in the act1v1ty

¢) Distinguish the relative renk of the environmental impacts of
the several activities or processes. .

d) Describe one or more ways to lessen the envlronmental impact.

e) Conduct an environmental opinion poll with a large number of
participants.

f) Distinguish between an environmental rlght and an environmental
responsibility.
Qverview A

We currently face the prospect of endangering our chance of -a
better life through the very measures we employ to achieve it. No nation
has abused its environment more extensively than the United States. In 200
years, the people‘of.the United States have surpassedAmost of the industria—
lized nations of the ﬁorld in the degradation of thelr land, air, and water
while strifing through the years to continually 1mprove the quallty of life
'at the expense of the environment. : '

Beglnnlng with the l930's, concerns slowly and steadily grew sabout
land sbuse, the avallablllty of water, air pollution, pesticides and’ solid
wastes. Apfil 22, 1970, designated as the first "Earth Day , signalled the
opening of the decade marked for environmental recovery. ' '

, In these activities, the individual student may- develop an envir-
onmental awareness and an ‘environmental ethld and have it shown in daily
iife. '
* Materisals .

List of environmental 1issues. to use as an inventory ofvstudenfﬁs concerns.
Table of projects and env1ronmental meacts to match. _
Reading references: "The Background for Teachers prov1ded with this unit on

' Enefgy‘and the Environment.
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Pamphlets, artlcles, books available in the school 11brary or in the class-

room, on Energy and the Env1ronment

Strategy _
" Direct the students to:
1. Read reference materiaels and lists of processes éndAehvirohmental
1mpacts. N

2, Individuslly rank the env1ronmental 1mpacts as to relatlve importance.

3. Ind1v1dually match the varlous activities with varlous types of
: pollution. )
L, Have discussion with their groﬁp members abouﬁ £he ranking.
5. Conduct & poll of student ratings and matchings.
6. Search for solutions. o
T. Research and report to the group on infbrmatiqn that might influence

a group decision."

Notes to the Teacher v

D15quééyhow to rank by relative importance by thinking of intensity
of effects, of relative eagse of correction,,of'numbers of.persons affécted,
etc. ' |

After the whole group has made their rankings; discuss the‘reasons
for the rankings. _ _

Discuss possible inter-relatioﬁships among thése,issues. Are some.

dependent on others?

Extension Activities

Numbers 2 and 3 proceed~from'Number 1.

Other Readiﬂgs for the Teacher

From the bibliography for the Energy and Environment unit.
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Student Activity Sheet

Name

- Date

Use the list of environmentsl issues previded here as an inventOry
of the students' relative concern for each by having them rank the issues
from the most serious (1) to the least serious (12). Discuss with them

thelr reasons for these rankings.

( ) Chemical, biological, and radiological contamlnatlon (pest1c1des,
detergents, pests, diseases, radlatlon) :

¢ ) Consumerism (advertising, status products, poor information).

) Econom1c/soc1al/cultural environments (lifestyles,‘honsing, poverty,
jobs).

() Energy (reduced resources, excessive demands)
() Health (pollution affects, drugs, stress, food additives)
( ) Lend Use (abuse, poor planning).

( ) Natural environments (destruction of wildlife habltats, extinct and
endangered spec1es)

( ) Pollution (air, water, noise, visual/aesthetic).
( ) Resources (lack.of recycling; loss of renewable resources, such as soil,
water, forests, wildlife; and nonrenewable resources, such as minerals,
. fossil fuels.).
() solid waste (lack of recycling, poor disposal methods) .
( ) Transportation (congestion, lack of safety, need for mobility).

Is there a concensus among the class members regarding the 12 issues?

How many of these issues are interrelated? Briefly describe several of
these interrelationships.
Direct the students to convert the class results to percentages.
- How relisble are -the results of this classroom poll?
~ In cooperation with the teaching staff, have the students'eonduct a

similar "Environmental Concerns Poll" with a larger popuiation of people:
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all the science or social sciencé‘students in the school; members of the

community; etc.

" Activity 2.
Use a chart similar to the one on the next page with the class as .
a means of dealing with the concept of environmental impact. The suggested
projects will give students an idea of the range of human qctivitylwhich
affects the environment which' is represented; in turn, by thé areas of im-
pact listed in the left-hand column. '

Ask students to fill in the chart using the symbols in the key on
this page. ‘ - S

+ .= & beneficial effect is anticipated for the environmertal charact-
eristic noted (e.g., improved transportation (11.) under colﬁmn
(H), airport expansion). v |

- = an adverse environmental effect is anticipated (e.g., noise
levels (3) increase and thus are adversely affected under column
(H), airporﬁ expansion). . }

0 = no appreciable chqnge‘antiéipated (e.g., water table (8.) under
column (H), airport expansion.

Once decisions have been made for every impact feature in a project
column, a simple‘comparison of + and - responses will éuggest whether or not
the project seems feasiﬁle. Many students will wish to qualify some of their
decisions, particularly those using fhe symbol O. Comments of this nature
may be added on another sheet by simple references such as H.1l., H.3., H.8.

‘ . This exercise should‘be repegted in Unit 14, at which time you may
wish_t; ask students to particularize the project column headings to spécify
issues and projects in their own community. Having compieted work in a
number ¢f units, they should be considerably more informed and logicél
when justifying their decisions about environmentai impéct. . '

Aétivity.3 _ o

Have each student compose an "environmental ethic" after a brief
_review of the 12 environmental concerns cited in Procedure 2.  The statement
should consist of: _ ' ‘

- The.students' personal assessment of the status of these concérns

today in our nation.
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Differentiation between a right and a reéponsibility.

Listing of at least five "environmental rights."

Listing of at least five "environmental respbnéibilities."

Parsonal assessment of the worth or valué_ofithe natural envirornment.
Indication of the importance of our modern,~téchnological ﬁay of life.
Prediction of the eventual solution to the environmental crisis in

general.
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Stﬁdeqf Activity 2

- 2.

B. _C. D. E. G. H.
’ : ~- Zoning '
Sewage Change:
Treat- | - o Nuclear | Commercial
Project ment Highway Apartment | Tract |Shopping | Power .| -~  To Airport
Impact Plant Construction Complex | Housing Center Plant Agricultural | Expansion
1. Air _ ~ : ' : )
Quality .
Water
Quality
3. Noise Levels
L. . Natural
. Habitats
5. Mineral
‘Deposits
Sclid Waste
. Contaminants
(radiocactive;
chemicsal,
ete.)
Water Table
Topography -
10. Aesthetic
- Quality
11. Transportation
12. Scenic Areas
13. Economic
Condition
14. Population
Density
15. "Quality of
Life"

»

[0,
7
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AFTER BURN

CO, Levels in the Atmosphere
Objectives )
' The student should be able to:
a) Be aware that the levels of CO2 in the air are 1ncrea51ng

b) Discuss why the levels of 002 are 1ncreas1ng.

Overview. _

The level 6f'CO in the atmosphere is on the increase end the rate
of 1ncrease is getting faster. This is mainly ‘the result of burnlng fossil
fuels. ‘In dlscu551ng this investigation, be sure the student understands

where this 002 level is coming from.
Materials

Student Activity Sheet

Graph Paper

1$trategx' ‘ A
' o Have fhe stﬁdents graph the information.A A saﬁple graph is in;
cluded with this material. Bring out as much informatioﬁ<in discussion as
you feel iS'hecessary. Ahother lesson, CO #2 - The effect of 1ncreased Cco

2
in the atmosphere, is designed to follow thls lesson.

Notes to the Teacher.

" The amount of help needed in settlng up and d01ng the graph will

depend on the students' abilities in graphlng.

Sample Responses

1. It has increased.
2. In more recent years the rate is increasing.

3. Increased population and increased dependence on fossil fuels.
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Student Activity Sheet
Name'
Date

"The amount of carbon dioxide in the afmosphere haé béen measured
at an observatory at Mauna Loa. In this activity you wiil graph thesé 
measurements to see how levels have changed from 1§59 through 1974. 1In the
next activity you will see how CO2 levels in the atm0sphere mighﬁ effécf
our environment ' _ o ‘

" Graph the following information on levels of co,, in ppm from 1959
through 197Tk. |

Year . 1959 1960 | 1961 1962 1963 | 1964 1965 1966
Level 316.1 | 317.0 | 317.7 | 318.5 | 319.0 | 319.6 | 320.2 | 320.9|
Year . 1967 1968 1969 1970 1971 1972 1973 197k
Level 321.7 | 322.6 | 323.6 | 325.0 | 326.0 | 327.1 | 329.3 | 329.9
Questions:

1. What has happened to the amount of CO2 in thé atmosphere from 1959
through 1974? '

2. Has the rate of chénge remained constant over this périod?

3. What might account for. the trend that you see here?
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AFTER AFTER BURN
Greenhouse_Effect

Objectives
’ The student should be able to:

a) Discover how CO, can effect climate.

2 . A
b) Realize that small changeu in the env1ronment can cause large
scale problems. :

¢) Recognize that pollution can have lbng-term effects.

Overview
See sfudent overview on the activity sheet.
Meterials
Student activity sheets -
Lamp with an incandescent bulb - 100 to 200 watt (heat source)

.Clear plastic hemisphere or large beaker
' Two thermometers - 0 to at least 50°

Strategy

Have the students set-up the equipment as shown on the activity
sheets. The_distancé between the thermometers and the light bulb musflbe
determined and given to the students. This distance varies with size of
the light bulb. Average distance is about ten'centimeters, If this distance
is properly established, the graph lines should level off és equilibrium is

approached.

Notes to the Teacher . :
Watch carefully to make sure the students don’t.bring thé bulb

into contact with the hemisphere, desk or each other.

Sample Response

1. The thermometef'under the hemisphere should reach a higher temperature.
and will probably show a better levellng off. '

2. The earth's average temperature should be 1ncrea51ng;

3. Yes. Particulates.:

L, Higher sea level, flooded low lands, changing weather and climate.
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Student Activity Sheet

Narme
Date

The earth's average temperature is the result of a balance be~

tween the amount of solar energy which is absorbed by the earth's envir-
onment and the amount which is rﬁdiated back to space. When_thesé two
factors are equal or in balance, the earth's average temperature>will.re—
mein constant. Some of the energy which is radiated frpm the earth's sur-
face is blocked by the atmosphere and therefore»becoﬁes part'bfAthe energy
which remains in our environment. This blocking is known as the greenhouse
effect. An increase in carbon dioxide (C02) in the air will increase the
greenhouse effect. Some scientists say that all of the_CO2 vhich is going
into the air from burning fossil fuels will cause the earth's average
temperature to go up. ‘A rise-in temperature of only 2 or 3 degrees Celcius
would cause the polar ice caps to melt. o

Set up the equipment as shown in the diagram.. Both thermometers
must be exactly the same distance away. This distance is given by'your.

teacher.

Turn the light on and record the temperature’of each thermometer
when you start and every minute after that for fifteen minutes. Mske a graph

of your results.

Time . o123 |s 5|67 |8]9|10|11[12]13]1k|15

Hemisphere

Open
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1.

" Questions

How did the final temperature of the thermometer which wes under the

hemisphere compare with the final temperature'of the thermometer which

- wes nbt? -Try to explain your results..

" The earth's atmosphere acts much like the plastic hemisphere to regulate

average temperature. CO2 in increasing amounts tends to increase this,

effect. How would these factors affect the earth's average temperature?

Are there any factors in the burning of fossil fuels which might heip

to offset the effect of C02 and cause avefage earth temperature to go

down?

How would the earth be affected if the ice caps were;to.melt cdmpletély?



THEY BREATHE IT IN L.A. _ : o n
Air Pollution and Possible Change“' ' '

Objectives
Student shculd be able to:

a) Recognize that a pollutant may be a harmful gas released into
the atmosphere.

b) State that a pollutent may be a harmful material formed by a
chemical reaction taking place after the pollutant is in the
atmosphere.

'¢) Discover that the atmosphere is mainly gases.
d) Discover that all gases are transparent; most are colorless.

e) Discover that visible material such as fog or cloud is llquld
in droplets and that smoke is solid 1n tiny particles.

f) Discover that gases diffuse and mix.

-g) Discover that colored material is rarely natural to the
environment.

h) Gases may undergo chemical change spontaneously or with energy
from the atmosphere.
Overview

Enefgy conversion and use cah result in polluﬁion of atmosphere.'
The harmful material may be emitted directly and/or nay be the result of a
later chemical change. . -

Examples are the nitrogen oxides that are‘released as a result of
the high temperature combution of fuels such as gasoline ih(&utomobiles.
These nitrogen oxides laﬁer undergo further change in sunlight.resultihg
in the smog-forming nitrogen dioxide.

Sulfur containing fuels release sulfur oxides when burned and
these later change into a variety includiﬁg sulfur acid, sulfité and
sulfates. 4 ’

Materials
Student act1v1ty sheets .
' Small reagent bottles (or small covered flesks) of HCL (aq) and NHLOH (aq)
. Litmus paper (pink and blue)
Watér to wet litmus paper as needed

Student sheets tao record observations
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Strategy
Without any awareness of the students, two gases will be allowed

to diffuse and mix in the atmosphere of the room. The 'product of their
interaction will become visible after some time as a whi;evsmoke above ‘the
container of HCL (aq). (The length of time depends on the distance be-
tween the containers and air currents in the room, and the concentrations
of their solutions.). . ' V

The teacher directs the students to observe the environment: the

' atmosphefe (the world that is mainly gases) within the room and by'looking

out through the windows. Students are to describe the invisible portion
as gases, clouds énd fog as mainly droplets of liquid, and smoke as con-
taining tiny particles of solid. h

- Now we will change the environment in the room'by allowing some
gases to come into the air. At one end of the démonstrationbcounter, there
is & closed container of.hydrochloric acid which is a solution of a very
soluble gas in water. To detect HCl1l gas in the air: wet the blue litmus
paper, uncover the hydrochloric acid, hold the blue litmus over the open
container and the blue turns to pink (acid reaction), and LEAVE THE CON~
TAINER'UNCOVERED. At the other end of fhe.counter, demonstrate ammonium.
hydroxide solution as a very soluble gas dissolved in water (household1
"gmmonia" is a very dilute solution). To detect ammonia gas in the air:

wet the pink litmus paper, uncover the ammonium hydroxide container, hold

‘the plnk litmus over the open container and the pink turns to blue (basic

reaction), .and LEAVE THE CONTAINER UNCOVERED.

Students will discover that white smoke is forming above the
container of hydrochloric acid and they are told that the formation of this
visible (solid) material was expected.

The containers are to be covered now and disucssion can. proceed

Notes to the Teacher

Precautions: Avoid inhaling fumes. Rinse with water if contact -
is made with the reagents. '

Detormine the direction of the air flow in the room S0 that it
may be arranged that the gir current is from'the'ammonia solution to the

hydrochloric acid. Also, it helps to know air flow to avoid inhaling fumes.
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4 Keep containers closed until the actual demonstration begins and
close the confainers right after the interaction is _seen.

Keep a distance of six or more feet between the reagents to get a

time span for diffusion.
USE THE LOWEST CONCENTRATIONS THAT WILL BE EFFECTIVE FOR THE ROOM.

Samples Responses

1. Clouds, fog, haze, etc.
2.. &) Invisible
b) Cloud, fog

-¢) Smoke
3. a) Pink

b) Blue
k., a) Opaque

b) Solid

. Solid or liquid.

.. . Answers will vary.

Ammonia NH3 - HC1
9. T Average K.E.X % MV . Ve 1/M NH

10. Sunlight

pl

6

T. Litmus - white smoke.
g .

9

3

Extension Activities

Go over the list of visible material observed in the atmosphere

and try to find out for each item: from what is it produced, of what is it
made; and whaf happens to it during a day, month, and year. .

Meke a list of things that use or convert energy and what.do they
release to the atmosphere; also what happens to these emissibns. (Examples:
automgbile, electric company, incinerator, oil burnef)A' | ‘

The -observations of the atmosphere can open up the'subjects:'
Which is from "NATURE" and which are from "PEOPLE"? '

'Uee of Fuel and Pollution of Atmosphere: ' '

‘'High temperature of combusion causes nitrogen to react with oxygen

to form nltrogen oxides which change in sunlight to brown smog—formlng

nltrogen dioxide.

E-28




Sulfur iﬁ'fuelst(some 0il, coal) burns to sulfur oxides and changes
to acids and sulfates, affecting buildings, statues, clothlng, and
people.

Catalytic converters in cars.

Protection of buildings (B. N. L., M. Stelnberg patent)

Effect of air po;lutants combined with other substances, such as
sﬁlfur dioxide or nitrous oxide enhances carcinogens. -Work is ih; _
progress at B.N.L. (NEWSBDAY, July 26, 1977, re: Robe#t T. Dre$ and -
Marvin Kuschner -~ "could lead to strtcter national air pollﬁtion

sténdards").

.What are current air-pollution standaids?
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Student Activity Sheet

Name

Date

Objectives of this activity are to observe the atmosphere and

changes in the atmosphere, to observe the physicai and chemical behavior of

two gases, and to draw inferences about behavior of atmospheric pollﬁtants.

Procedure A o
.  CAUTION -- DO NOT INHALE GASES OR FUMES FROM THE REAGENTS!
a) :Observe the out-of-doors through a window and record your
observatione. ‘Then observe the appearahce of'the air in the
room. | o
b) Observe the changes takinglplace in the room atmosphere and
describe the physical em1331on of different gases, and the
chemlcal reactlons of the gases.
1. List what you see. Some terms to use are transparent or translucent or

opaque to iight, colorless or color.

Describe the appearance of the atmosphere as to gases, liquid or solid.

Detect changes in the room's atmosphere:

a) Release of HC1(g): wet, blue litmus turns . .

b) The presence of NH (g) wet . pink litmus turns
The formation of a NEW substance is a result of a CHEMICAL change.

Describe the new stance:' the‘location; its color; whether it is opaque,

trangparent or translucent; whether it is a gas, liquid or solid.

RESULTS AND CONCLUSIONS:

5.

6.

The atmosphere has some vislible material which is finely divided:
tiny bits of or '

The atmosphere has some visible material other than natural clouds.
Observed through the window were: (give color and items such as brown

haze, black smoke, etc.)

E-30



10.

: D,
- NIt
QQS“

‘,
<27

The gaseé releagsed in the classroom were detected by testing with

. However, even if the tests were not done,
there was a clue to their presence as shown by the formetion of" ‘

" The.released gas that traveléd faster was . . . " We saw

the product form over the - - - ”container.

Gas will travel in the prevailing wind but it will diffuse faster if

its relative molecular mass is less because:

The chemical reaction between the gases in the. classroom was spon-

- taneous -- we did not need to supply any energy to_it;‘ If a chemical
-reaction needs energy out-of-doors in the atmosphere, it might get

_the energy from : ' e
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THE TEMPERATURE'S RISING- THAT'S NOT SURPRISING
Thermal Pollution' ‘ '

Objectives ‘
The student should be able to:

a) Describe environmental changes which may be invisible, may be
small in amount or degree and can be lethal; and if not lethal
may be reversible. ‘ '

b) State when water is heated its dissolved gases are less soluble.
and all the oxygén can be driven out. To live, fish need the
oxygen dissolved in water. Thermal pollution of'natural
waters means higher temperatures and hence less oxygen for the
fish. ' : '

. Qverview ‘

The hydrosphere (world of water) isvpart of the environment;

Energy conversions and energy use usually release much heat and in order

to cool, natural waters may be used resulting in thermal pollution.' Nuclear

plants are being designed with natural waters as the coolant. The lesson

shows that raising the water temperature drives off air and that a fish in

airless water.cannot live, but can be revived.

Materials

One or more lively goldfish in water in a container that can hold an
additional pint (or % liter) of water

Small fish net

One pint. (or % liter) Jjar

"Vacuum-sealed" airless water, at room temperature, previously prepared by

| waterbath canning method boiling at least 10 minutes,'removing',

all air bubbles. (Make 3 Jars. See "Ball Blue Book" 29th &d.,
1974, Ball Corp.) ' |

Freshly drawn cold tap water (about % liter)

Beaker for tap water

Bunsen burner or other heating device to heat tap water slowly.

Strategx

Students are reminded (with questions in discussion) Vhiie observing
fish swimming in water that: :
1. Fish need oxygen to live, just as most living creatures do.

2. Fish get oxygen that is dissolved in the water.
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3.‘ The oxygen in the water comes from the air toughigg the surface.

4. The appearancerf water in three contaihers is compared and all
look alike: water with fish, vacuum sealed water i and fresh’
cold tap water. ‘

¢ 5. ’Fresh cold water ;tanding in a beaker will be war%iﬁg up to room
temperature and bubbles will be observed. V.

6. Heat is supplied to the tap water gently. R

T. Bubbles seen in tap water that is wafming'will foﬁp at sides,
grow as they rise and escape until no more formi: i '

8. When the water is hot enough to boil, different|kinds of bubbles
will form. They form at the bottom, get small%rAas they rise,
and escape. These bubbles are water vapor. Water vapor bgbbles
do not supply'oxygen. 4 : B v

9. Observations show that cold water contains air,, waém water has
less air. | 0

10. The jar of airless water is opened and without ‘delay, students
should watch closely the fish as they are removed with the net
and placed into a jar of airless water. o '

11. The fish are observed briefly and then poured back'to their original
container of water. »

12. Another . jar of airleés water is opened, poured {back and forth to -
air and then the fish are placed in the water. Né change is

seen. There was no harmful material in the water.

Notes to the Teacher

Water without air must be kept vacuum sealed while stored until

. the time that the fish will be inserted. If surface of water is uncovered,

the air will begin to dissolve. : P

The fish must‘be rescued promptly from the air{ess conditién in
order to survive; pouring fish and airless water back to the original fish
container serves to aerate the water.

Students may cry out, "It's drowning - Save it!" (They are right.)

Extension Activities

1. Use tables of solubility of oxygen in water vs. temperafure and graph.
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Investigate oxygen needs of different fish and other aquatic life.-

Investigate impact of thermal pollution directiy on aquatic life; in-

directly on people.

Investigate sourcesnof'thermal pollution and methods of dealing with it.
Observe uncovered soda pop as it warms up. (DissoivedCQ2 is much
more soluble - carbonig acid). CO2 dissolving in oceans relates to CO2
increasing in the atmosphere which comes from greater»use of fossil

fuel combustion. This can lead to studies of Coevgtéenhouse effect and

‘future climate changes.

Sample Responses

They look the same. - ‘
Plain water, bﬁbbles at sides, more‘bubbles, no more bubbles, all es-
caped, bubbles at bottom (boiling). ’

Lively, unconscious, alive

Bubbles in it.

Pollution by heat.

No.

‘Bubbles out.

Dissolved in water.
Dies.

Death may result.

More bubbles form.

C02.‘

NOTE: If this 1s the mtudehtﬁ' firat experience worklng with laboratory

animels, then some kind of prepuratory lenson or-dineunnlon of utandard

laboratory requirements for working with éxperimontal'anjmala is necessary.

It is important that students learn that laboratory animals'aré noﬁ‘to

be used in any way that we wish and for any reason whatsocever, but rather

under very specific and humane conditions.
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Student Activity Sheet
‘ Name

Date

_ Thé objective of this activity is to observe water, the effect of
heating it to drive out the air, and the effect of airless ‘water on fish; to
re-gerate water; and to observe thermal pollution. ‘

Cold tap water is poured into empty besakers. The appearance of the

water is compared with the water in the sealed jar and the watér.in which the

fish are swimming. Describe this.

v Next, watch the appearance of the tape water as it stands. It is
warming up to room temperature; bubbles are appearing at the sides and . -

growing. Now, using the Bunsen burner, the tap water is heated gently to
speed up the process (of driving out the air).

When no more bubbles appear, the heat is increased to make the'
water boil. Describe the appearance during the three stages.

Next, the jar of airless water is unsealed.' (It was prepared by

. boiling to drive off all the air and sealed before cooling.) Watch very

closely as the fish are picked up in the net and placedlin the airléss water.

~ Observe and then immediately,pour the fish back into its previous container.

‘Describe’ this.

Another jar of airiess water is unsealed and poured back and forth
‘using an emptied jar; Then a goldfish is placed in this water. Describe
this. 4
Answer the follosing questions:

1. Compare the bppearance of the water: cold fresh tap water, room témp—

erature airless water in a sealed jar, water in which fish are swimming.

2. Appearance of tap water: - fresh poured

standing and warmihg to room temperature

' Bubbles get bigger or smaller: - ~ Gently heating:

after a while

Strongiy heated
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‘5.  What is thermal pollution?

3. Observation of fish before transfer:

After being placed in airless water:

After return to original container:

L. Appearancé of water from second "airless" jar as it is poured back and

forth:

6. Can air that is dissolved in water be seen?

7. What happens to dissolved air when the temperature of the water is raised?

8. From where does a fish receive oxygen in order to live?

9. What happens to a fish in water with no dissolved air?

10. What happens to aquatic life when some of its natural water is run

through & nuclear utility plant for use as coolant?

11. What happens when soda pop is allowed to become warm?

12. What gas comes off?
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INTRODUCTION

Recent étate and regional enérgy crises demonstrate the
delicate balance between the energy system, the environmgnt,'and the
economy. Indeed, interaction among these three elements.in our
society is very complex. However, any permanent change in the directions
of our enérgy demand and supply for the'future‘involves the formatioh
of & new “energy ethic". To do so requires a broad base of information
" and understanding of the energy system, and this needs to he developed,
particularly among those still in school. You, the teacher, play a most
1mportant role in providing that base of 1nformat10n which w1ll become
part of the new generation s thlnklng about the energy system. These
materials are intended to enhance your ability to.provide energy-related
educatioﬁ to students within your own academic setting and to provide
students with.a better understanding and awareness of fundamental pripci—
“ples of energy supply, conversion processes and utilization now-and in
the future. _ ' ‘

'Sincé it is not possible to cover all aspects pf ebergy systens,'
the curriculum materials designed in this'project were limited to a number
of areas considered important from tyo poinﬁs of view:_ehergy deveiopments
which are now occurring but whose implications are not yet clearly reéognized
ana/or'that broad area of potential new developments which have important
.implications for the future. The sypecific areas of cﬁrriculum materaials

are the following -

CONSERVATION. We are coming to realize, albteit slowly, that the supply of

raw materials from which energy is produced is finite and decreasing rapidly.
Not only 1s supply decreasing, but demand continues to grow. The most
optimistic forecasts show that the world resources of petrbleum'and natural
gas, the two main sources of energy today, will be gone within the next.
‘fifty years. Consequently, we need to explore ways to- conaerve energy by
using fever energy-intensive devices, reducing our life style to one less :

dependent on energy, and possibilities for substituting new technologies.
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DEMAND SCHEDULING. ZElectricity, since its firét introduction, has pro-
vided a cheap, clean; efficient source of energy. We have also comelto
expect that any required demand for electricity on our part as individual
consumers, will be met. We turn on the switch and expect the lights to
come:on; Large investments in the electricity generafing plant are

required to satisfy increasing demand, particulariy during "peak" periods.
Consequently, the overall cost of eléctricity'generation becomes .quite
expensive -~ a result we have seen in recent years. The issue is particu-
larly important since utility companies are now testing, and will soon offer

to the consumer, electric metering for homes on a demand-scheduled basis.

ENFRGY IN THE FOOD SYSTEM. Our agricultural system has become increasingly

dependent upon the use of energy-intensive fertilizers for large crop
production. In addition, energy requifements for food processing contihue
to grow. It is estimated that about one half of U.S. freight-transportation
is involved in the movement of foods of one kind or another. With the
decline in the supply of fuels, we must ask whether our current national
pattern of energy consumption in the food industries, partipularly the

trend toward increasing use of energy in food processing and packaging,

‘are desirable trends for the future.

NEW TECHNOLOGIES (Solar, Wind, Biomass). It can be argued that the problem

in our energy system today is not that we use too mﬁch enefgy, but rather
that we use the wrong kindé of energ&. '0il and natural gas form importaht
components for synthetic materials, chemicals, and the like. Wherever
possible, they should be conserved for such long-term uses. Ccnsequently,
we should shift from a fossil fuel resource base to a renewable ehergy

resource base, particularly the use of solar, wind, and biomass sources.

.ENVIRONMENT.' The direct use of energy involves varioﬁs pollutant emissions.
In addition, indirect use of energy in the creation of industrial goods

has secondary environmental impacts in a number of afeaé.-:Of recent concern
are long term trends in accumulation of carbon dioxide'énd'other gases and
'particulaté‘matter'in the atmosphere. These seem to produce unfavorgble :
atmospheric conditions involving "the greenhouse effect", thermal in&ersions,
and the like. | |
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'The modules prepared in each of these areas con51 t of aﬁ
introductory background statement and a series of one-day lesson plans,
along with‘suggested bibliography and references to other materials.

The background statements are intended to introduce the topic to you,

the teacher, and should reduce your need for readiﬁg a number of original
papers and other citations to the litersture. However the background
statements are sufficiently short that they can not make you an energy ‘
exprert, and we would hope that you pursue additional reading on your own.
Single day lesson plans were designed for easy use ﬁithin existing

courses as well as in the construction of new courses. 'As e result, it
is hoped these curriculum materials will be useful 1n a varlety of courses.
‘ A spec1al note to you, the user of these curriculum materials,
is in order The materials are made available in draft copy because of
'w1despread interest in energy issues. Where you encounter rough spots, -
loss of proper citations to the literature,.or other problems, Lear with
us. A brief evaluation form is included in this document. We encourage
you to glve us your reactions and any improvements we might zdd to make
these materials more useful to you and to other teachers. The names and
school affiliation of the project partlcipante are noted in the materlal'
" S0 you can feel free to contact the individual teachers on spec1f1c
quesblons. Finally, these documents reflect a concentrated effort over
three weeks by the teachers associated with the curriculum development
project, and their efforts to translate energy 1ssues into hlgh school

course material for you.
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