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DISCLAIMER

This document was prepared for the Tennessee Valley Authority (TVA) by teachers in the Tennessee
Valley in cooperation with the TVA Network of University-Based Centers and Cooperatives for Environ-
mental Education. Neither the preparers, TVA, nor any persons acting on their behalf:

a. make any warranty or representation, expressed or implied, with respect to the use of any
information contained in this document, or that the use of any information, apparatus,
method, or process disclosed in this document may not infringe on privately owned rights; or

b. assume any liabilities with respect to the use of, orfor damages resulting from the use of any
information, apparatus, method, or process disclosed in this document.

This document does not necessarily reflect the views and policies of TVA. The use of specific brand
names or products should not be construed as an endorsement by TVA.

TVA is an equal opportunity and affirmative action employer. TVA also ensures that the benefits of
programs receiving TVAfinancial assistance are available to all eligible persons regardless of race, color,
national origin, handicap, or age.

For more information contact the Environmental Education Program, Forestry Building, Norris, Tennes-
see 37828 or (615) 632-1570.
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INTRODUCTION

Today's students are tomorrow's workers, leaders, consumers, and voters. They will live in a world that
will undoubtedly be more highly technological than the present. Because of this certainty, quality
education at all levels has become more critical than ever before.

The need for improved science and mathematics education has been stressed in a variety of forums
recently. A solid foundation in these two subject areas is essential to preparing students for not only the
kinds of work they are most likely to desire as adults but also the kinds of issues with which they will
grapple. An understanding of basic scientific, technological, and environmental concepts is becoming
more and more necessary in orderto participate effectively in the social, economic, and political processes
of today's world.

Recent studies show that students in American schools lag behind their peers in other developed
countries in academic achievement. This is particularly apparent in measures of science and mathemat-
ics proficiency. Fewer American college students are entering demanding academic programs in science
and engineering; as our need forthese professionals increases, our supply is decreasing. Many American
adults are functionally illiterate in science and technology, and industries spend tens of billions of dollars
each yeartraining workerswho are inadequately prepared. Lack of the skills needed in ourtechnologically
advanced society is costly~in many ways-to us all. It also deprives people of the opportunities of which
they might take advantage were they equipped to do so.

One of the proposed courses of action to mitigate this coming crisis is to boost science and mathematics
education. To this end, the "Energy Sourcebooks" are developed and offered to help teachers prepare
their students for tomorrow's world.

The purpose of the "Energy Sourcebook-High School Unit" is to integrate energy education into the
existing curricula by providing instructional materials that are specific to the Tennessee Valley. The book
contains plans for a variety of learning experiences and addresses energy issues with a balanced
approach. It is heavily concentrated in science (especially physical science) and, to a lesserdegree, math.
The "Sourcebook" is intended to aid teachers in teaching not only basic science but the real-life application
of these principles in energy studies.

DEVELOPMENT

The "Sourcebook" was developed in three stages. High school teachers were selected to write the
activities with the assistance of education specialists. Teams of teachers were given the task of
developing and writing the activities for each chapter. The second step involved testing the activities in
the classroom. More teacherswere selected to use the activities in their classrooms. From the
evaluations provided bythetesting teachers, revisions were made. Finally,technical reviews, editing, and
illustrations completed the "Energy Sourcebook-High School Unit." The first edition of the "Sourcebook"
for high school was completed and printed in 1986. Revisions and preparation for reprinting were begun
in 1989.

ORGANIZATION

"The Energy Sourcebook" has six chapters. Each of them has complete plans for classroom activities
and demonstrations and a glossary of energy terms.

0~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Six kinds of energy resources are most important in the Valley region. Solar energy applications and the
electricity produced by hydropower and by nuclear and coal-fired generating plants are significant energy
resources. Energy conservation is considered an energy resource, as it helps extend supplies of energy.
Alternative energy sources-mostly biomass, wind, and waste-are also important. These six energy re-
sources are dealt with in separate chapters of the "Energy Sourcebook." Each chapter begins with a brief
overview which provides background information, including historical information, descriptions of current
technologies, and environmental concerns relative to the energy source. Following each overview are
classroom activities addressing various aspects of the production and use of the particular energy source.

ACTIVITY DESIGN

The first part of each activity contains its objectives, appropriate subject area(s), time requirement, and
a comprehensive materials list. This information will aid teachers in determining how best to utilize the
activities with their students.

Each activity is divided into three major sections. The "Background Information" section provides
information specific to the activity for the teacher's use. The activity itself is outlined in the "Procedure."
The third section, "Follow-Up," may be utilized as evaluation and corresponds to the stated objectives.
Some activities include an "Extension." This part of the activity is optional. Some may be used as ongoing
projects, while others may best be used as additional classroom work for more advanced students or for
extra credit. "Resources" are listed at the end of most of the activities and include books, brochures, and
other publications used in the development of the activities. These may also serve as sources of further
information.

Each activity contains ready-made masters for the handout materials required for the activity's comple-
tion. These masters are easily removed from and replaced in the binderfor photocopying (or producing
a thermofax master for spirit duplication). Some plans also contain a master from which to make a
suggested transparency for use with an overhead projector. Transparencies may be made by thermofax
or by tracing.

CURRICULUM FRAMEWORK

The "Curriculum Framework" serves to correlate concepts or objectives stated by the Department of
Education with the activities, identifying those that teach the specified concepts or objectives. These
correlations are included to aid teachers in choosing activities,

PAGINATION

Each chapter is page-numbered separately and is designated with an appropriate letter. For example,

the "Hydropower" chapter begins with page H-i, the "Solar Energy" chapter begins with S-i, and so on.





HYDROPOWER

Leonardo da Vinci saw water as the busiest substance. He called it ELhe element that knows no rest." Like
wind, water has been used to provide humans with energy for thousands of years. It also serves as the
world's oldest highways and provides a form of cooling for animals and people suffering the effects of
warm weather. Water's abundance is outdone only by its magnificent, raw mechanical strength, as
demonstrated by such disasters as floods and tidal waves.

The kinetic energy of running or falling water has been harnessed for human use for over 2000 years,
For most of that time, water wheels converted the waters energy into mechanical energy which powered
grinding stones, bellows, looms, orother machinery. Water turbines were developed from water wheels
about 160 years ago. Their modifications enabled them to convert water's energy much more efficiently;
they were much more powerful. Water turbines were first used to power electric generators a little more
than 1 00 years ago, shortly after Edison invented the electric light. The country became dotted with small
hydropower sites. Though literally thousands of these have been closed down in this century, the United
States still relies on hydropower to some degree, generating 251 billion kilowatthours ot electricity in its
existing plants in 1986. This amounted to I I percent of the Nation's requirements for electricity. (In the
mid-i 930s, hydroelectric power provided about 30 percent of total requirements.)

Hydropower's availability and use varies in different areas of the Nation. In the Tennessee Valley, it has
been an especially significant resource. In 1984, hydropower provided almost 20 billion kilowatthours of
electricity, or 18 percent of the total power output of the Tennessee Valley Authority (TVA) transmission
system. Rainfall levels affect the availability of hydroelectricity, however. In 1988, a very dry year,
hydroelectricity production fell to just over 9 billion kilowatthours, or 10.3 percent of the total output. (In
1989, so much rain fell that TVA was able to generate much more hydropower.)

Even so, the Valley consistently relies on TVA's hydropower system of 29 dams it has built or acquired
since 1933 to produce inexpensive electricity. Nine of these projects are on the Tennessee River, 19 are
on tributary streams, and one is in the Cumberland River basin. A number of hydro dams owned by the
U.S. Army Corps of Engineers and ALCOA also supply electricity to the TVA system. Hydro dams are
the Valley's cheapest energy source, the cost in cents per net kilowatthourof hydropower being only 0.55
cent as compared to 1.89 cents for coal-fired power.

A hydroelectric dam is built in order to store water with which to generate electricity by means of a water
turbine/generator apparatus. The dam's powerhouse, which houses the generating equipment, is located
at the base of the front (downriver) side of the dam. Large dams have several turbines and generators.
The water which turns the turbine flows through the dam in a huge passageway, called a "penstock," and
into a chamber where it swirls around, striking the turbine blades. The water has tremendous force. Not
only does gravity pull it down the grade of the penstock, but the millions of tons of water behind the dam
(in the reservoir) exert great pressure. The amount of water flowing through the dam is controlled by a
gate at the opening of the penstock. When the gate is closed, the generator does not produce any
electricity. If the gate is opened partially, the generator produces less than its full capacity. After turning
the turbine, the water passes out of the dam and into the river below.

A pumped storage hydroelectric plant works in much the same way and with similar machinery as a
hydroelectric dam, but there are some key differences. A hydro dam is used for the general production
of electricity and does so less expensively than any other generating facility (e.g., nuclear plants or fossil
fuel-burning plants). A pumped storage system is used specifically for the purpose of very quickly meeting
demand increases or replacing generating capacity suddenly lost when other plants experience outages
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(as when equipment fails). A pumped storage plant actually uses more energy (to pump waterto the upper
reservoir) than it generates, but it saves consumers money because it is so much less expensive than
using combustion turbines (which burn fuel oil) to meet peak demands.

TVA's pumped storage facility is located at Raccoon Mountain on the Tennessee River gorge near
Chattanooga. At night and on weekends, when electrical demand is lower, Raccoon Mountain Pumped
Storage Plant's generators are operated (backwards) as electric motors to turn its turbines in reverse and
pump water out of the river 1000 feet up to the mountaintop where a manmade lake stores it. When
demand peaks, the water is released from the lake through huge tunnels to the underground powerhouse,
where it turns the turbines and runs the generators. It is then discharged back into the river. The plant's
four giant turbines and generators have a combined generating capacity that is much larger than that of
any of the hydro dams in the TVA power system.

Hydroelectricity is by far the least expensive way to generate electricity. It requires no fuel and makes
use of a free, constantly recycled natural resource-the water flowing in our rivers and streams. Herein
lie two of the chief advantages of hydropower. It is nonpolluting, because no fuel is mined or burned; and
it uses-but does not consume-a renewable resource.

There are, however, environmental problems associated with producing hydroelectricity (as there are with
any energy-producing technology). The main problem is the dam itself. Building a hydroelectric dam
irrevocably changes the river and its valley. Above the dam, a lake is formed as the valley floods. People
may be displaced; prime farmland may be lost; and valuable resources such as forests and wildlife
habitats may be lost. Below the dam, the river is changed because the presence of the dam alters its
chemical, physical, and biological characteristics. For example, the water released through the dam to
turn the turbines and generate electricity is drawn from the bottom of the deep reservoir immediately
behind the dam; it is oxygen-deficient. In order to maintain optimal levels of dissolved oxygen-essential
for aquatic life--in the river below the dam, the water must be aerated somehow. TVA is developing better
ways to do this.

Despite the problems associated with hydropower, it is the least environmentally hazardous method of
generating large amounts of electricity. This important consideration, in addition to its low cost, makes
hydropower extremely attractive.

The United States, unlike many nations, is blessed with an abundance of lakes, rivers, and streams, The
amount of energy that may be recovered from these waters is an enormous, almost incalculable quantity.
It may be that only a tiny portion of this water power is actually harnessable, but its potential in the United
States has been estimated at tens of thousands of additional megawatts. We cannot, and should not, dam
every river. In fact, most of the locations suitable for hydroelectric dams designed to produce large
quantities of commercial power are already being used. It may be, however, that in the future we will once
again turn to small-scale uses of hydropower, as our ancestors did.
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HYDROPOWER HISTORY

OBJECTIVES
SUBJECTS:

The student will do the following: Science, History, Geography

1. Summarize the development of human uses TIME:
of water power. 3-5 class periods

2. Explain the role of hydropower in the MATERIALS:
industrial development of the United pencils, rulers, crayons or
States. markers, posterboard or

butcher paper, large world map,
3. Explain the historical significance of map pins, student sheets (included)

gristmills in the Tennessee Valley.

BACKGROUND INFORMATION

Humans have made use of the power of moving waterthroughout their history. The earliest uses of water's
energy must surely predate recorded history. The use of technology to capture, direct, and apply this
energy is, however, much more recent. The water wheel, a bladed wheel propelled by the force of water
falling or running against its blades, was first used just over 2,000 years ago. Water wheels of one sort
or another have been developed to harness the energy of moving water to power machines that grind
grain, mill lumber, weave textiles, or perform other tasks.

These early water wheels have largely been abandoned for larger-scale industrial complexes, but there
is yet an important application of water wheel technology in our modern society. The giant turbines that
transferthe energy of water rushing through hydroelectric dams to generators that produce the electricity
our lifestyles demand are actually modified, highly efficient water wheels.

While it is not likely that there will be a resurgence of widespread waterwheel use in the future, it is quite
possible that our search for renewable energy alternatives will lead us not only to high-tech, futuristic
technologies, but also to a re-examination and reapplication of some technologies of the past. Perhaps
we will again use (modified) water wheels for small-scale, localized energy production. For this reason,
it is worthwhile to investigate water wheel technology.

Another reason to investigate water wheels is their significance in the history of our Nation and region.
In the Tennessee Valley, gristmills powered by our streams ground the grain-mostly corn and wheat-
grown by our ancestors for almost 200 years. These water-powered mills were socially, economically,
and geographically important in the development of our region.

PROCEDURE

I. Present the information in the above "Background" section to the students.

A. Use a lecture/discussion technique to briefly introduce the historical background of the human
use of hydropower.
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B. Have the students identify past and present hydropower uses in their community. Are there any
old mills in the area? Is there a hydroelectric dam nearby?

II. Divide the students into groups of tour or five students each.

A. Give each student a copy of the student sheet "HYDROPOWER HISTORY," included.

B. Tell the students that each group is to draw a time line illustrating the events on the sheet. Allow
the groups enough class time to complete the project.

C. When the time lines are drawn, have each group present its work to the class.

D. If individual student work is preferred, have each student draw his/her own time line.

Ill. Using a large world map, have the students locate the various places cited in the student sheet,
"HYDROPOWER HISTORY." They might use map pinsflagged with slips of paper summarizing each
place's significance or sheets from a removable self-stick notepad.

IV. Optional: Plan a field trip to visit an old mill in your community.

A. Give each student a copyof the student sheet "GRISTMILLS" (included). Havethe students read

the information and answer the questions on the sheet.

B. You may wish to have the students sketch the mill ortake notes if a park rangerorotherinterpreter

presents a program about the mill.

C. If possible, a field trip combining visits to a mill and hydroelectric dam would be particularly useful
in helping the students understand these concepts. (The Norris Dam Reservation, just north of

Knoxville, Tennessee, is an especially historic place and provides not only these facilities, but
others as well.)

D. If a field trip is not practical, perhaps a team of students could visit the historical site, take
photographs, and make a slide presentation for the class.

V. Continue with the follow-up below.

FOLLOW-UP

I. Review with the students the history of hydropower.

II. Make sure the students understand the development of hydroelectric generation from earlier water
wheel technology.

Ill. Ask the students if they think hydropower of one kind or another will be important in the future. If so,
how? What are the reasons for their answers?
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Student Sheet

HYDROPOWER HISTORY

Ancient people observed the immense-sometimes destructive-power of moving water but had notdeveloped the technologies to harness this power. Essential tasks such as grinding grain wereaccomplished using human and animal muscle power.

About 100 BC, the Greeks devised a simple water wheel to power stones for grinding grain. It was ahorizontal wooden wheel rotated by the force of a stream of water directed against its side. The use ofsuch wheels spread rapidly-eastward to China by 100 AD; westward to Ireland by 300 AD; farther eastto Japan by 600 AD.

About 25 BC, the Romans discovered that a water wheel oriented vertically was more powerful than oneoriented horizontally. By 450 AD, large, very powerful vertical wheels were in use across the RomanEmpire.

Water wheel technology continued to develop as people learned to build different kinds of wheels, someof which were much more powerful than earlier ones. From the 6th century to the 12th century, floatingmills were used on rivers from Western Europe to the Near East. Tide-powered mills appeared on theEnglish coast in the 12th century, spreading down the western coast of Europe to the Mediterranean andeventually to the New World. In 1085, The Domesday Book recorded some 5,000 mills in the southernpart of England.

Mills were very important in local economies. Water wheels powered not only grinding stones for grain,but also sawmill operations, olive presses, textile weaving and finishing operations, and iron and steel-making foundries (e.g., powering the bellows forthe foundries fires orthe grinding stones used to sharpenthe tools made there).

Technological improvements in water wheel design and use accelerated from the 17th century on. Theuse of iron for some wheel parts increased, and many more improvements were made in the late 1700sand the 1800s. Water-powered mills were vital in the development of the United States.

By the early 20th century, primitive water wheels were largely a thing of the past. There are, however,places in the world even today where water wheels are used. Some are simple, while some are quitesophisticated.

The most important application of water wheel technology today lies in our use of the water turbine toharness the power of moving water to generate electricity. The water turbine is an extremely efficient,powerful, modified waterwheel. Technological development of the waterwheel led to the invention of thewater turbine in France in about 1825. By 1830, the turbine had been refined so that it was many timesmore powerful than its predecessor. By 1850, one of the principal types of water turbines, in use eventoday, had been developed in America.

The invention of the electric light in 1879 created the next major demand for water power. The firstelectrical generating plant built in America (in 1882) was a coal-fired plant, but only a few months later,the first hydroelectric generating plant began operating- This plant used a water turbine to generate asmall (by today's standard) amount of electricity to power electric lights in a Wisconsin town. The firstmajor hydroelectric plant was built at Niagara Falls in 1896- By 1900, hydroelectricity accounted for abouthalf of the electricity produced in the United States.

In 1914, what was then the world's largest hydropower dam was built on the northern Mississippi River.The construction of Hoover Dam, a huge power-producing dam on the Colorado River in Nevada, wasbegun in 1931. When it went into production, it produced more electricitythan any otherdam. The Nation's
demand for electricity continued to grow.
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Student Sheet

HYDROPOWER HISTORY
(continued)

In 1933: Congress created the Tennessee Valley Authority (TVA), a regional Federal agency charged with

managing the Tennessee River system for flood control, navigation, and power production, and with

aiding in the management of natural resources and economic development in the Tennessee Valley. The

first dam TVA built was Norris Dam, in East Tennessee, which was completed in 1936. For a time in the

1930s and '40s, hydropower was the sole source of electricity in the Valley; during this same time,

hydropower accounted for somewhat less than one-third of the Nation's electricity.

Today, hydroelectricity accounts for about 12 percent of the United States' electricity. The hydro dams

in the Valley generally provide from 15-20 percent of the region's electricity, although prolonged drought

lowers the amount of hydroelectricity that can be generated.

Hydroelectricity will continue to be an important resource, both in the Valley and the Nation, even though

most of the sites suitable and/or desirable for building large dams are already being used. Some experts

predict that the future will see a return to smaller-scale, local applications of new, more efficient water

power technologies. An example is a completely immersible, bulb-type turbogenerator that can be

lowered into a stream or other body of water. Futuristic large-scale technologies for energy production

from water power include the tidal power and wave powertechnologies being proposed for coastal areas.
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Student Sheet

GRISTMILLS

.Al~~~~~~~~~~~~ii

Gristmills were among the most common usages of water power early in American history. In the eastern
Tennessee Valley, sawmills as well as gristmills were run by water power.

Many ruins of water-powered mills are scattered across the country. Sometimes all that remains is parts
of the building or a ripple in the stream where there was a dam. Most of the time, the mill, or at least the
water wheel, has been washed away by periodic flooding of streams.

Some of the mills had flumes or millraces to convey water to their wheels. Some were built out over the
water and had large paddles that were turned by the stream's currents. Each mill was customized by the
builder to suit the location, the available materials, and the mill's intended uses.

There may be an old mill near your school which could serve as a link to your community's past.

QUESTIONS

1. Is gristmill technology used today? If so, how? where?

2. Compare and contrast a gristmill and a hydropower plant.

3. Do you think it is important to preserve old gristmills? Why?
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A HOMEMADE WATER TURBINE

OBJECTIVES SUBJECTS:
General Science, Physical Science,

The student will do the following: Physics

1. Explain how water turbines work. TIME:
1 class period

2. Determine the relationship between the
distance water falls and the speed at MATERIALS:
which a water turbine turns. (for each group of 2-4 students)

1 2-L plastic bottle, 1 set tinker toys,
1 roll electrical tape, 1 package small
cups (approximately 6 cm diameter),
1/2" plywood (scraps will do), epoxy
or other glue, nails, meterstick,
student sheets (included)

BACKGROUND INFORMATION

Hydropower systems range from crude water wheels to hydroelectric dam systems like that on the
Tennessee River. Water wheels, which were historically very important (e.g., gristmills and textile
mills), convert the kinetic energy of movingwaterto mechanical energy. Hydroelectric systems convert
the kinetic energy of moving water to electrical energy with a turbine; a streamlined water wheel
powering a generator which produces electricity.

Overshot wheels, undershot wheels, and breast wheels are named for the position at which the water
strikes them, turning them in a vertical plane. The only water wheel currently in production turns in a
horizontal plane and is fed by a relatively sophisticated wooden channel or penstock; it is produced in
Europe. Water wheels may be modified for electrical generation, but durable, efficient, and reliable
water systems for electrical generation utilize high-speed turbines.

The water turbine differs from the water wheel in that pressurized water is jetted onto the blades and
leaves with little velocity left, 80 to 90 percent of the available kinetic energy having been transmitted
to the rotor. Turbines are much better for coupling with electric generators because they spin at a
suitably higher speed. There are various types of turbines and each has a slightly different efficiency,
but all of them are many times more efficient in generating electricity than water wheels.

PROCEDURE

i. Divide the class into groups of two to four students. For each group of students, prepare the
following components. (Refer to the diagram on the student sheet "HOMEMADE WATER
TURBINE," included.)

A. Cut the following out of 1/2" plywood or similar wood scraps:
Base - 5" x 7"
2 Supports - 2" x 5"
Spacer - 2" x 2"
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B. Drill 1/4' holes in the supports 1V from the top. Make sure the tinker toy shaft can turn freely in

the holes. Drill a 1/4" hole in the bottom of the 2-L plastic bottle.

II. Discuss with the class the conversion of energy from the kinetic energy of flowing water to energy

usable by people.

Ill. Demonstrate the construction and use of the water turbine model.

IV. Distribute the student materials (turbine components, 2-L bottles, and student sheets).

V. Supervise the activity. Repetitions are recommended for accuracy.

VI. Extension: This project, or modifidations of it, can be done at home for extra credit or enrichment.

Encourage students to experiment with various turbine designs.

VII. Continue with the follow-up below.

FOLLOW-UP

I. Graph the relationship between the distance the waterfalls and the number of revolutions per minute.

Place distance (cm) on the horizontal axis and the number of revolutions per minute on the vertical

axis. What relationship does this graph represent?

The graph should show a straight line. It represents the direct relationship between the distance the

water falls and the number of revolutions per minute.

II. Express this relationship in terms of potential and kinetic energy.

The potential energy of water in the bottle was converted to the kinetic energy of falling water, some

of which is converted to the kinetic energy of the turning turbine.

III. If electricity were generated with this water turbine, which trial would generate the most? Why?

The last trial (height of 40cm) would generate the most electricity. If the height is greater, the energy

is greater.
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Student Sheet

HOMEMADE WATER TURBINE

1O3structions Round tinker toy

1. Build the turbine. (Refer to the diagram.) Spoke
Support

a. Obtain the following wooden pieces:
Base - 5" x 7" Shaft
2 Supports - 2" x 5"
Spacer - 2' x 2"

b. Assemble the base and supports
using nails and/or glue. Base

c. Assemble the tinker toys as shown:
Shaft (5") Paper cups
Round tinker toy for center of wheel
(8) 3" spokes to hold cups

d. Cut 8 small paper cups for buckets
(as shown).

e. Glue the cups on the tinker toy spokes
using epoxy or a similar fast-setting glue.

f. Assemble the turbines as shown and wrap tape collars on the shaft to keep the turbine in
place.

2. Fill the 2-L bottle (with 1/4" hole in the bottom) with water. Cap it and turn it upside down until it
is time to use it.

3. Place the water turbine on the edge of a sink with the turbine assembly extending over the edge.

4. Hold a meterstick next to the turbine.

5. Turn the bottle of water upright at a distance of 10 cm above the turbine, making sure the stream
of water from the bottle strikes the cups. (Loosen the cap to aid the water flow.)

6. Count the number of turbine revolutions in a 30-second period during which wateris flowing from
a distance of 10 cm. (A revolution can be seen more easily it a mark is placed on the center of
the turbine.) Double this count and record the figure in the data table as revolutions per minute.

7- Refill the bottle and repeat the procedure at distances of 20 cm, 30 cm, and 40 cm. Record the
numbers of revolutions per minute in the data table.
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Student Sheet

HOMEMADE WATER TURBINE
(continued)

DATA TABLE

DISTANCE NUMBER OF

WATER FALLS REVOLUTIONS

TRIAL (CM) PER MINUTE

1 10

2 20

3 30

4 40

H-li



CALCULATING THE POTENTIAL
ENERGY OF FLOWING WATER

OBJECTIVES SUBJECTS:
Physics, Advanced Physical Science

The student will do the following:
TIME:

1. Measure depths, widths, and velocity 1 class period plus stream visit
(flow rate) for a given stream segment.

MATERIALS:
2. Calculate the rate of flow of volume of a metersticks, matchsticks, 30-meter

stream. (100-ft) tape measure, stopwatch,
topographic map, student sheets(included)

3. State streamflow values in terms of
mechanical energy.

4. Calculate the potential energy of a stream.

5. Calculate the available power of a stream.

6. State the factors affecting the available
power of a stream.

BACKGROUND INFORMATION

Hydroelectric power plants are among the most efficient methods of generating electricity. Large
facilities often have efficiencies of 90 percent. Smaller facilities usually maintain efficiencies well over
50 percent.

The power obtained over a period of time cannot exceed the potential energy of the flow. Even if a large
reservoir is established, the power available will still be equal to the average potential energy in flowing
water.

PROCEDURE

I. Select an appropriate stream site and make the necessary arrangements for a class trip.

II. Prepare the class to do the activity.

A. Review the conversion of energy forms in the water-powered generation of electricity.

B. Distribute the student materials and explain each step of the instructions.

C. It may be more time efficient to divide the class into groups and divide the data collection tasks
among them. The information can then be shared.
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Ill. Supervise the activity, followingthe instructions onthe student sheets. The calculations can be done
later in the classroom.

IV. Continue with the follow-up below.

FOLLOW-UP

I. Obtain the volume, flow rate, and head data for a large hydroelectric facility and calculate the power
generating potential of the plant. Compare the calculated amount to the actual amount generated
by the plant. What is the difference? Why?

II. Compare the flow of the stream studied to that of the large hydro plant above. Using the calculations
done in the activity, estimate how many people might be served in 1 minute, 1 hour, andl day. (Use
O.4m 3 /person/day as a typical daily water requirement.)

Ill. Can small streams such as this one be useful in meeting the Nation's energy needs? How might
they be used? What might some innovative uses be?
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Student Sheet

CALCULATING THE POTENTIAL ENERGY OF FLOWING WATER

Instructions

1. Stake out a measured distance (15 to 30 meters) on the stream bank parallel to the mid-channel
line. Record this distance on the data sheet.

2. Drop 3 or 4 matchsticks into the water upstream from the measured distance and determine the
time required forthem to pass through this distance. Start timing as the first matchstick enters the
measured distance and stop when any one leaves the measured distance. Do this procedure at
least three times. Find the average time. Record this figure.

3. Measure the width of the stream at three points along the measured distance. Find the average
of the three measurements and record.

4& At three places along the measured distance, measure the depths of the stream at three points
along a line perpendicular to the bank and crossing the stream. Find the average of the nine
measurements and record.

5. Survey the area through which the stream flows. Make an estimate of the change in elevation of
the stream over a reasonable distance. For accuracy over longer distances, examine a
topographic map of the area through which the stream flows. Record the elevation change, or
head, for this section of the stream.

6. Using the measured distance and the average time, calculate stream velocity (flow rate) using the
following formula:

Veiocity = Distanceimeters)
Time (seconds)

Record the flow rate.

7. Knowing the flow rate, average depth, and average width of the stream, calculate the volume of
water passing a given point in one second using this equation.

Rate of flow of volume = Flow rate (m/sec) x Width (i) x Depth (i) = m3/sec

Record the calculated figure.

8. Because the density of water is known and the volume of waterflowing past a given point is known,
it is possible to determine the mass (and weight) of a given volume of water. One cubic meter of
water has a mass of 1 00 x 1 03 kg and a weight of 9.80 x 1 03 newtons. Calculate each as follows:

Mass of water = Volume in m3 x density of water = m3 x (100 x 103 kg/i 3)

Weight of water = Volume in m3 x density of water = m3 x (9.80 x 1 QS n/n3 ) -

Record the calculated figures.
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Student Sheet

CALCULATING THE POTENTIAL ENERGY OF FLOWING WATER
(continued)

9. Allow a volume of water for which the weight is calculated above to fall through a distance "h.
This height is called the water's head. The product of the weight and this height is the gravitational
potential energy (PE) of this volume of water. Use an estimate of elevation change for "h":

PE (joules) = weight (newtons) x head (meters), where 1 joule = 1 newton-meter
(Note: The unit is a newton-meter.)

Record this figure.

10. The rate of doing work is called power. Work and energy are equivalent. If the potential energy
of a volume of water is known, the power generated by the falling water may be calculated. The
power generated depends on three factors:

1. Weight of water released (step 8)
2. Head through which water falls (step 9)
3. Time over which water flows or is released

Power (waifs) = Weight (newtons) x Head (meters), where 1 watt = 1 joule/second
Time (seconds)

Record.

11. Check a topographic map for the elevation changes through which your stream flows. Use the map
to determine the head for the stream. Calculate the hydropotential for the stream over 1 minute,
1 hour, 1 day, or other durations. If a topographic map is unavailable or inappropriate, use an
estimate of the elevation change to calculate figures for these various times. Record the answers.
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Student Sheet

CALCULATING THE POTENTIAL ENERGY OF FLOWING WATER

DATA SHEET

Measured distance meters

Time required for matchstick to
cover measured distance

Trial 1, sec
Trial 2, sec
Trial 3, sec

Average: .. seconds

Width of stream
Point 1, m
Point 2, m
Point 3, m

Average: .. meters

Depth of stream

Point 1: Depth 1, - m; D2, m; D3, ._ m
Point 2: Depth 1, _ m; D2, m; D3, ._ m
Point 3: Depth 1, _ m; D2, m; D3, ._ m

Average: .. meters

Estimate of elevation change (head) . . meters

Stream velocity or flow rate (m/sec)

Rate of flow of volume (m3 /sec)

Mass of water (volume x density)

Weight of water (volume x density in newtons)

Potential energy (weight x head)

Power eight x head
seconds

Hydropotential for the stream

1 minute, -watts

1 hour, _____watts
1 day, . .watts
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GENERATE YOUR OWN
HYDROPOWER

OBJECTIVES SUBJECTS:
Advanced General Science, Physical Science,

The student will do the following: Physics

1. Build awaterwheel. TIME:
1-2 class periods if working in groups of four;

2 Build a simple galvanometer. 2-3 class periods if working in groups of two

3. Build a simple hydropower generator.
MATERIALS:

4. Detect the electricity generated. (for each group) compass, 2 alligator clips (optional),
small spool magnetic wire (#28 or finer; insulated),

5. Demonstrate how water power 2 cardboard or masonite rectangles (about 5' x 7"),
is converted to electricity. glue, (2) 1-inch nails, (2) 3-inch nails, 1-inch bar

magnet, (2) 1-1/2"x4" metal strips cut from tin can,
electrical tape, germanium diode (for example, type
1N34A), soldering iron (optional), solder (optional),
3x5" wood block, round tinker toy, (8) 3" tinker toy
spokes, 8 small paper cups, student sheets
(included)

BACKGROUND INFORMATION

The model hydropower generator made in this activity works much like hydropower plants for generating
electricity. When the propeller (water wheel or turbine) spins, the magnet whizzing past the nail head
generates a tiny amount of alternating current (AC) in the coil wound around the nail. The small
germanium diode connected across the two nail terminals converts the AC into DC (direct current). The
galvanometer will indicate that a small current has been produced by the generator.

PROCEDURE

I. The day before the activity is to be done, introduce it to the class.

A. Define and describe a turbine. A turbine is a device that has a central drive shaft fitted with curved
vanes or blades that cause it to whirl when force is exerted upon it by water, steam, or gas.
A water wheel is a simpler, less efficient predecessor of a turbine; it can use only water. Modern
turbines were developed from early water wheels.

B. Define and describe a galvanometer. A galvanometer is an instrument that measures minute
electric currents. It is made of a compass wound with magneticwire. As current is passed through
the wire, the compass needle will be deflected toward the east-west axis.
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C. Define generator. A generator is a machine that converts mechanical energy into electrical

energy.

D. Define hydrogenerator. A hydrogenerator is a machine that converts the mechanical energy of
water power into electrical energy.

II. Give each student a copy of "GENERATE YOUR OWN HYDROPOWER" (included). Assign the
building of a water wheel (turbine) as homework. (You may choose to have the students build these
in class.)

Ill. Explain the activity, then carefully supervise the students' work. The directions must be followed
closely.

IV. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students these questions.

A. Describe how the apparatus used in this activity qualifies as a generator.

B. How do you know electricity is being generated?

C. What type of electricity (AC or DC) does your generator produce? (AC)

D. What type of electricity does a galvanometer detect? (DC)

F. What feature of the galvanometer you built allows it to detect the current produced? (the diode)

F. If your generator did not produce detectable current, what are some possible explanations? How
can you test your hypotheses?

II. Extension: The following are suggestions for building upon this activity. Some are especially
appropriate as enrichment.

A. Different types of water wheels may be built and their effectiveness tested. Check reference
books for other designs.

B. Change certain variables and repeat the exercise. Compare the resuIts when the waters velocity
is changed, when suspended solids (like silt) are added to the water, or when the water's
temperature is changed.

C. Build a model town complete with tiny electric lights. (Perhaps a model train set's town models
could be used.) Check to see if the hydrogeneratorwill supply enough electricity for the model
town. How must the system be modified to make this work?
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Student Sheet

GENERATE YOUR OWN HYDROPOWER

water wheel

magnet

LI=~~~~~~~~~'

coil

diode

DIAGRAM 1: HYDROPOWER GENERATOR

1. Build a hydropower generator (See Diagram 1).

a. Wrap 1,000 turns of magneticwire around one of the large nails. The coil should be 2 inches long,
measured from the head end. Leave a few inches of wire forthe connections. Twist them so they
will not unwind.

b. Drive this nail into the center of the wooden block.

c. Drive in the 2 smaller nails. (Refer to the diagram for their placement.)

d. Scrape the enamel insulation off the ends of the coil wires.

e. Wrap the ends around the heads of the 2 nails.

f. Hook the diode across the nails and make all connections secure. (Soldering is optional.)
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Student Sheet

GENERATE YOUR OWN HYDROPOWER
(continued)

g. Fix the bar magnet on the head of the other large nail. The magnet should be centered on the

head of the nail. If using glue, give it plenty of time to set. This nail will be the water wheel shaft.

h. Support the shaft with the 2 tin can strips. Fold them in half lengthwise for added stiffness. Bend

out about 3/4 of an inch at the ends for the base. Nail them to the wooden block in line with the

large nail.

i. Decide how high the shaft holes should be. Locate the holes so the magnet end of the shaft is

close to the upright nail head but so that the shaft is not prevented from spinning freely. Make

the holes for the shaft.

j. Insert the shaft in the supports until the magnet is directly over the nail head. Two collars of

electrical tape (applied to the shaft just inside the supports) will keep the shaft in place.

k. Using the tinker toys and paper cups, construct the water wheel. Cut the cups as shown in the

diagram and glue the bottoms to the spokes.

i. Fit the water wheel onto the shaft, making sure that the wheel fits snugly on the nail.

DIAGRAM 2: GALVANOMETER

2. Build a galvanometer. (See Diagram 2.)

a. Build a base for the compass by folding the ends of each of 2 squares of stiff cardboard and

stacking them back-to-back as shown in the diagram.

b. Place a compass on the base and wind magnetic wire around the north-south axis, making about

100 turns.
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Student Sheet

40 GENERATE YOUR OWN HYDROPOWER
(continued)

c. After winding the coils of wire, twist the free ends a few times to prevent unwinding.

d. Connect the free ends to the two alligatorclips. (This step is optionai. You may connect the wires
directly to the nails where the diode is located on the hydropower generator apparatus.)

e. The galvanometer is now complete. Whenever electricity flows through the coil, the compass
needle will be deflected toward the east-west axis.

3. Test the hydrogenerator.

a. Connect the galvanometer's alligator clips (or wire if not using alligator clips) to the 2 nail
terminals.

b. Keep the compass about a foot away from the magnet.

c. Line the galvanometer compass needle up with the coil .

d. Hold the water wheel at the edge of the sink and run a stream of water over the wheel. As the
wheel turns, it will power the generator. A small current will be detected by the galvanometer.
When the shaft turns, the compass needle will be deflected. This demonstrates that electricity
is being produced by the hydrogenerator.

0
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HYDROELECTRICITY FOR YOU

OBJECTIVES SUBJECTS:
General Science, Physical Science

The student will do the following:
TIME:

1. Identify the major parts of a hydro- 2 class periods
electric dam.

MATERIALS:
2. Identify the major parts of a pumped transparencies (masters provided),

storage hydroelectric plant. overhead projector, wipe-off marker,
student sheets (included)

3. Compare and contrast the operations of
a hydro dam and a pumped storage plant.

4. Identify the major components of an electrical
transmission and distribution system.

BACKGROUND INFORMATION

Hydroelectricity is produced when a water-powered turbine and generator convert the kinetic energy of
falling or running water first to mechanical energy and then to electrical current. The water which strikes
the turbine blades in a hydroelectric plant has great force due to its velocity. As it strikes the turbine blades,
the turbine spins rapidly. It is connected by a shaft to a generator. The generator has two main parts-
the rotor and the stator. The stator is a very large ring wrapped with many coils of wire. Its name comes
from the fact that it is stationary. The rotor is a wire-wrapped wheel inside the stator. It sits atop the turbine
shaft and spins-rotates-as water turns the turbine.

Electricity is generated when the rotor is magnetized by a very small direct current. The stator's wire coils
cut the magnetic field lines of the magnetized rotor, resulting in the induction of alternating current (AC)
in the stator's wires. Because the rotor and stator are so large and have so many coils of wire, and because
the rotor is an electromagnet (stronger than a permanent magnet), the amount of electricity generated is
very large.

The AC produced by the generator(s) in a hydroelectric facility is of a voltage too low for efficient
transmission. Transmitting low-voltage electricity from the generation site to the places where it will be
used (which may be hundreds of miles away) is very inefficient. The wires transmitting the electricity resist
its flow; therefore, some of the current's energy is lost as heat energy.The lower the voltage and/or the
farther the distance, the more inefficient the transmission. In order to reduce this energy loss,
transformers located in a switchyard outside the hydroelectric plant "step up" the voltage to as much as
a half-million volts. The current is passed through a series of "step-down" transformers in substations
located at various industries or at facilities of local powerdistributors (which, in the Valley, purchase power
from IVA). Distribution lines are run from community substations to the community's various consumers
of electricity, such as homes, businesses, and institutions. More step-down transformers further reduce
the voltage to the levels needed by the various power customers, all the way down to household or small
business levels. These transformers may be located on power poles, underground, or on the ground.

H-22



Hydroelectric dams and pumped storage hydroelectric plants both generate electricity as previously
described above. Their key differences lie in their construction, i.e., the path of the water they use to
generate electricity. (For more information about these two kinds of facilities, see the overview at the
beginning of this chapter.)

PROCEDURE

I. Introduce the activity by asking the students if they have visited a hydroelectric plant.

A. Tell the students there are over 40 hydroelectric plants in the Tennessee Valley. Ask them if they
can name some of them.

B. Ask the students if they can name the two kinds of hydroelectric plants (hydroelectric dams and
a pumped storage plant) found in the Valley. Are they aware of pumped storage hydroelectric
generating technology?

C. Ask if the students know how electricity is generated in a hydroelectric plant.

II. Using transparencies made from the master diagrams provided, show the students the structures of

typical hydroelectric plants.

A. Begin with the aerial view of the dam. Point out the labelled features.

B. Proceed to the cross section of the dam. Point out the labelled features. If needed, go back to

the aerial view to clarify the information.

C. Using a wipe-off marker, trace the flow of water through the dam.

D. Repeat the process (A-C) above, using the transparencies of TVA's pumped storage plant.

E. You may wish to have several students repeat the tracing of the water's flow, either with the
marker (on the transparency) or simply by pointing it out on the image on the screen.

F. Give each student a copy of the student sheet "HYDROELECTRIC PLANTS" (included). Have
them label the indicated features.

III. Using transparencies made from the masters provided, show the students the diagrams of a
hydroelectric generator and an electrical transmission and distribution system.

A. Begin with the cut-away view of the turbogenerator. Explain how electricity is generated.

B. Proceed to the diagram of atransmission and distribution system. Explain why voltage is stepped
up for transmission and stepped down for use by various consumers.

C. Give each student a copy of the student sheet "HYDROELECTRICITY FOR YOU" (included).
Have the students label the indicated features.

IV. Continue with the follow-up below.
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FOLLOW-UP

I. Have the students answer the following questions:

A. What structures do hydroelectric dams and pumped storage plants have in common?

B. What are the key differences in the operation of hydro dams and pumped storage plants?

C. What is the purpose of a hydro dam? a pumped storage plant? How do they differ?

II. Extension: If it is feasible, a tield trip to a hydroelectric facility would be an excellent follow-up. If you
are within about 50 miles of the Chattanooga area, a trip combining visits to Chickamauga Dam and
Raccoon Mountain Pumped Storage Plant is an excellent option.
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AQUATIC HABITATS IN RESERVOIR
AND STREAM ECOSYSTEMS

OBJECTIVES SUBJECTS:
Biology, General Science, Environmental

The student will do the following: Science

1. Distinguish between aquatic habitats in a TIME:
reservoir and below the dam by investigating 2-5 class periods' (field study)
them and constructing a map and data charts of
the area. MATERIALS:

3 meter or yardsticks, 1 weighted rope or
2. Identify the chemical, physical, and biological string, 3 microscopes with slides/cover

characteristics of aquatic habitats by slips, 3 thermometers (C&F), 1 water pH
conducting tests of the water and analyzing test kit** 1 CO2 water test kit**,
the biotic and abiotic factors that 1 dissolved oxygen water test kit*, 1
influence the habitats. plankton net (homemade or purchased),

assorted jars and collecting trays, field
3. Compare the three different habitats identification books, student sheets

investigated on the field trip by developing (included)
charts and food webs, assessing likenesses
and differences, and reporting findings
to the class.

BACKGROUND INFORMATION

A biotic community is a dynamic system-an integration of physical, chemical, and biological environ-
mental factors. Students can see this relationship best by visiting a nearby reservoir. The transition
periods from summer to fall and from winter to spring are perfect times to take your class on a field trip.
A reservoir of some kind can usually be found within a reasonable distance from your school.

Many factors affect the life in streams and reservoirs. Some of them are:

A. Velocity: The velocity of a stream determines the type of food present and the feeding strategies of
the organisms, as well as influencing the dissolved oxygen content of the water. Velocity also
influences the kinds of aquatic animal life present in the stream. For instance, darters prefer swift
water; sunfish prefer calmer pools; and catfish and paddlefish live in slow, calm reservoirs.

* Time variable. (Can be designated according to class and objectives.)
These kits can be purchased at a reasonable price from most biological supply houses. Hach
and LaMotte companies make kits that are often used by educators.
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B. Dissolved OxQyen: The cool temperature of mountain streams, when combined with the large
number of waterfalls and riffles, results in water with high oxygen content. When water temperatures
rise, dissolved oxygen goes out of solution and into the atmosphere. Dissolved oxygen in lakes
depends on the season of the year. Typically, lakes are higher in dissolved oxygen in the spring and
lower during fall months. Sometimes streams below dams are very low in dissolved oxygen because
the power generators use reservoir bottom waters, which are naturally low in dissolved oxygen. This
problem is in the process of being resolved. For example, at the Norris Hydroelectric Dam, the
generators are vented to allow oxygen to be released along with the water that has been used to
generate electricity.

C. pH: The water's pH level also affects the distribution of aquatic life. When the pH of a stream is in
a range of 6 to 9, the body of water has the potential to support abundant life. If the pH is 10 or more,
the stream will only support minimal levels of life. Likewise, if the pH is S or below, the water will be
too acidic for most life forms.

D. Jyne of Bottom: The bottom plays a very important role in determining what types of organisms will
be present. Sandy bottoms are the least productive, as they offer little substrate for either protection
or attachment. In streams, it is important for many bottom-dwelling organisms to have a place of
attachment to prevent them from being swept away by the current. Bedrock in streams is also
essentially nonproductive because aquatic organisms are totally exposed to the current on a solid
substrate. Gravel and rubble bottoms are the most productive. These bottom types offer large areas
of attachment sites and provide abundant nooks and crannies in which crustaceans, insects, and
larvae can hide.

E. Other Factors

"[Ugn Uiozidp: Carbon dioxide (CO2) is an odorless, colorless gas produced when animals and
bacteria respire. Green plants also respire but release more oxygen during photosynthesis when light
is present than they use during respiration. At night plants respire, releasing 002 and using oxygen
(02). This tends to increase CO levels and decrease 02 levels, which can cause problems for fish.
Levels of 002 as low as 1.0 to 6.0 mg/L will cause fish to avoid those waters. Carbon dioxide will also
affect the pH of the stream as it quickly combines with water to form carbonic acid.

Ternmperalu: The temperature of the water is affected by many variables such as color, depth,
shade, latitude, and time of year. Temperature is important to aquatic life since most organisms in
water are ectothermic and have minimum and maximum temperature tolerances. Under otherwise
identical conditions, colder water has more dissolved oxygen than warmer water. Warm water also
makes some substances, such as cyanides, phenol, xylene, and zinc more toxic to aquatic animals.
Most fishes' spawning cycles are disrupted when water temperatures rise above normal.

Iu[Diditx: Turbidity is a measure of how "cloudy" water is. The turbidity of the water will affect the
ability of light to pass through it and will affect the rate of photosynthesis of plants. High turbidity will
also coat the pores and gills of aquatic organisms and affect their respiration. The turbidity may be
caused by large amounts of silt, microorganisms, plant fiber, sawdust, chemicals, or coal dust. The
most frequent causes of turbidity in lakes and rivers are plankton and soil erosion from logging,
mining, and dredging operations.
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PROCEDURE

I. Suggestions for the use of this activity:

A. This activity is designed so that all or parts of it may be done. If desired, do only the chemical
analysis of the water or the biological investigations. Part F, for example, could be optional,
depending on the time available and your objectives.

B. Not only may the amount of time spent on the activity vary considerably, but the level of coverage
can be easily adjusted for different courses or levels of student ability or interest.

C. Permission slips should be signed by parents and the principal prior to the trip. Arrangements
must also be made for transportation if the body of water is not within walking distance of the
school. It would be good to have parent volunteers to assist in the field if the class is very large.

D. Choose the three study sites carefully. Make sure that they represent three different habitats and
that at least one is above the dam and one is below it.

E. Divide the class into three teams.

II. Field Trip Preparation

A. A discussion of the terms relating to the physical and chemical aspects of the habitat must
precede the trip. Basic terms and concepts such as species, habitat, niche, predator/prey,
parasite/host, symbiotic relationships, and adaptations for food-getting by animals should be
reviewed before assigning the project. The background information (concepts relating particu-
larly to the aquatic habitat) must be introduced prior to the field trip.

B. Distinguish between a food chain and a food web; give examples and emphasize that food web
is a more accurate representation. Afood chain shows simple linear relationships that are helpful,
but a food web more accurately depicts the complex relationships found in nature. Have students
practice diagramming a food web.

C. Prepare needed equipment ahead of time. If three groups are to work, try to obtain three sets
of materials. In the case of water test kits, which may be too expensive to have for each group,
a rotation cycle may be worked out between the groups.

D. Students should be instructed on how to use and care for the equipment before going to the field.
A practice session for each chemical test should be conducted in the classroom.

E. Distribute the student sheets and go over each field exercise in order to familiarize students with
each step of the instructions. Each group may then decide on a division of labor before going to
the field.

Ill. Field Trip

A. Take the class on a reconnaissance of the three habitats to be studied before assigning each
group its study area. This will give the entire class a better overall view of the project.

B. Set up a "common field station" where it will be easier for you to monitor and help. Another
teacher or adult should supervise each group collecting data at the various habitat stations; this
is especially important if the groups are large or spread out.
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C. Give the students clear instructions on obtaining data in the field, preparing project reports, and

filling in data sheets. Also remind them of safety rules and procedures.

D. Students should use the field guides to look up and identify plants, insects, and animals. Have

them record both the common name and the genus of each plant and animal on the data sheets.

This could be done in class after the field trip if time is limited in the field.

E. Have each group conduct its work at its assigned study site, fill out the data sheets, and be

prepared to post the data sheets in class the next day, orally presenting its findings to the class.

The entire class can then pool the information to formulate a comparative view of the various

habitats of the reservoir and the stream.

F. Continue with the follow-up below.

FOLLOW-UP

i. After the students have completed their investigations of the biological, chemical, and physical

differences of the reservoir and the stream, a class discussion could be held on the human aspects

of the reservoir ecosystem, e.g., the alteration of the natural environment to meet human needs.

II. The class could be divided into debate teams forthe lake versus the natural stream. Each team could

research the pros and cons of both environments and their value to the human population.

RESOURCES

A Guide to the Study of Freshwater Ecoloav. Englewood Cliffs, NJ: Prentice-Hall, 1972.

Andrews, W. A. A Guide to the Study of Environmental Pollution. Englewood Cliffs, NJ: Prentice-Hall,
1972.

Jacobson, C. Water Quality Factors. Loveland Company: Hach Company, 1983.

Otto, J. Mgdern Biology. New York: Holt, Rinehart and Winston, 1985.

Renn, C. E. Investiaating Water Problems. Chestertown, MD: LaMotte Chemical Products Company,

1970.

Tennessee Valley Authority. Water Quality Sampling Eguiiiment (Water Quality Series, Booklet 1).

N~p.: Author, [1989].

Homemade Sampling Eouioment. (Water Quality Series, Booklet 2). N-p.: Author, [1989].
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Student Sheet

CHARACTERISTICS OF AN AQUATIC ENVIRONMENT

ACTIVITY SHEET

During the field trip to a reservoir, examine the various features of the habitat, take notes on these activity
sheets, and then organize the data and record it on the provided data sheets. Each group is to fill out the
data for its assigned area and post its data on the bulletin board for the other two groups. Comparisons
can then be made, as each group will have all the data.

A. Complete the instructions below and record the data on Data Sheet A.

1. Determine the width of the stream in your habitat. Use metric measurements first, then standard
measurements. (For example, stream width = 3 meters/9 feet 6 inches.)

2. Determine the average depth of each habitat stream. Take three measurements and divide by
four to account for the uneven bottom.

3. List the types of vegetation surrounding your area (trees, shrubs, weeds, etc.). Indicate how much
area is sheltered or receives direct sun, estimating the percentage of cover.

4. Make a list of the kinds of animal life you can observe in your area. Look carefully for such animal
signs as tracks, trails, and droppings, as well as any movement of small animals in the water.

5. Count the varieties of both plants and animals. (Later, determine which ones are specific to one
habitat and which occur in all three.) In the space provided here, list the different animal and
plant populations, indicate their relative abundance, and sort them as to their location(s) within
the area.

Bank Rocks Water
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Student Sheet

B. On Data Sheet B, record the plant and animal relationships observed.

1. Use the field guides to determine the scientific names of the dominant plants and animals; record
these also. Lookforevidence of howthe plants help the animals and vice versa, What might some
of these relationships be called? Look for examples of predation, parasitism, commensalism, and
mutualism among animal populations. Would there be any changes in either plant or animal life
fromweekto week? Using educated guesses based on observations, try to determine the stages
of the growth and development of specimens.

2. Compare these observations with those of classmates.

C. Complete Data Sheets C-1 and C-2.

1. Look for relationships between the living (biotic) and nonliving (abiotic) features of the community.
Record these on Data Sheet C-i.

2. First establish afood chainthatwould befound inthe community. Then, using information already
gathered, draw a food web on Data Sheet C-2. Leave space enough to add organisms when the
three webs are compared.

3. Look for evidence of pollution of the habitat. What type of pollution is observable? Record this
on Data Sheet C-i. Is this pollution caused by man or is it natural? Your chemical tests may
aid in these observations.

4. What abiotic factors probably influence the plant and animal adaptations to the habitat? Predict
what the pH, dissolved oxygen, and CO2 levels might be before conducting the chemical tests.
Would other factors such as water depth, space, or light affect these relationships? What about
temperature?

5. List the effect of sunlight on the habitat. Why is this factor important?

6. List any changes that appear to be taking place in the stream or reservoir.

D. Complete Data Sheet D.

1. Sketch an outline map of the -area that your group is studying. Show the scale of the map and
indicate north. Include both natural and manmade features. Label trees, islands, rocks, trails,
roads, or any nearby buildings. Make the map as detailed as possible. Compare the map to a
map of the entire reservoir if one is available.

2. Carefully measure thewaterdepth atvarious places and record these measurements on the map.
A long pole and weighted string may be needed to obtain these figures. Rememberto give metric,
then standard, measurements. Record the average depth in the space provided.

E. Complete Data Sheet E.

1. Use Data Sheet E to record the information gained by using the water chemistry test kits. Many
of the chemicals inthese kits are harmful. Use extreme care. Determine the pH of the waterusing
the pH test kit. Follow the directions in the kit exactly and record the readings on the chart. It
would be best to take three readings and average. How would the pH affect plant and animal life
in a water community? Did the actual findings match the predictions made in part C?
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Student Sheet

2. Carbon dioxide tests are to be conducted. Again follow the test kit directions exactly. What factors
affect the CO2 content of the water? Again, take three readings and average.

3. Determine the oxygen content using the dissolved oxygen test kit provided. Be cautious ob-
taining the water sample to prevent adding any oxygen. Follow instructions carefully.
Remember to record your results in parts per million (ppm) or milligrams per liter (mg/L). What
effect does dissolved oxygen content have on organisms?

4. Using a thermometer, determine the air and water temperatures of the habitat. Record both
surface and deep watertemperatures. How does the temperature affect the community? What
factors would affect the temperature? Record the temperature in both Celsius and Fahrenheit.

5. Record observations on the turbidity or clearness of the water. Is it clear or murky? How far does
the light penetrate? (Determine by lowering a white object on a string into the deeper parts until
you can no longer see the object. An instrument called a Secchi disc can provide more accurate
data.) How does turbidity affect the organisms?

F, Complete Data Sheet F.

1. The types of shoreline vegetation have been described. Now try to describe and identify the
different plants that grow along the bank. Record the information on Data Sheet F. Try to explain
why some plants grow there and others do not. Take notes here.

2. Aquatic vegetation is defined as plants growing in water. These may be microscopic algae or
plants like water lilies. Try to identify as many of these plants in the habitat as possible. Note
whether they grow in shallow or in deep water.

3. All microscopic life swimming or drifting in the stream can be termed plankton. Use a
plankton tow net* to obtain samples. Tow the plankton net from one end of the areato the other.
If this is impossible because of a rocky bottom, the net can be placed under a waterfall for a period
of time. Examine the plankton under a microscope" and try to identify the type of organisms.
What effect does plankton have on the aquatic community?

* A simple plankton net can be made the following way. Remove the cover and bottom of a coffee can.
Punch holes in the top edge of it forthe tow lines. Insert it into a nylon stocking that has a hole in the
toe and a small sample bottle attached by string.

· This could be done in the classroom if more convenient.
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Student Sheet

Summr

Answers to the following questions are to be included in the group's oral report about its assigned habitat.
Discuss these among group members and look up any information you do not know.

1. How do the three environments differ? Much ofthis information can be concluded from comparing
data sheets.

2. How did the upstream environment differ from that downstream of the reservoir? Were any
changes obviously due to natural or to manmade influences?

3. Discuss the relationship between watertemperature and oxygen content. The warmerthe liquid,
the less dissolved gas itwill hold. Agood example is a soft drink. Cold soft drinks keeptheirilizz,"
which is dissolved carbon dioxide, whereas warm soft drinks soon go flat. Likewise, cold water
willhold more oxygen than warm water. Explain how oxygen becomes dissolved in water and
why a stream falling over rocks would have more dissolved oxygen. Also explain why the
reservoir is warmer than the stream.

4. Catfish and carp need less oxygen than rainbow trout. Why might all three fish be found in a
stream but, of these, only cattish and carp in a lake? Research other locally found species of fish
and list them according to their oxygen requirements. (This information can be found in any book
about lake ecology or water pollution.) Which kinds of fish are more desirable? Why?
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TO BUILD OR NOT TO BUILD

OBJECTIVES SUBJECTS:
History, Geography, Sociology,

The student will do the following: Government, English, General Science

1. List advantages of hydroelectric power. TIME:
2 class periods plus time for research

2. List disadvantages of hydroelectric power.
MATERIALS:

3. Play the role of a citizen or official student sheets (included)
deciding the issue of building a dam.

4. Make a decision concerning the construction
of a dam in a simulated town board
meeting.

BACKGROUND INFORMATION

Hydroelectric power has many advantages as a power source. There are disadvantages of producing
electricity from hydropower also, as there are for all power sources. In this activity, students role-play
as leaders and citizens in making a collective decision on whether or not to build a hydroelectric dam
near the imaginary town of Flat Rock.

The main advantages of hydropower are its efficiency, economy, renewability, and cleanness. A
hydroelectric plant requires no fuel, converts the energy of moving water at an 80 to 90 percent
efficiency level, produces no pollutants, and relies on the water cycle rather than a finite resource.
Other conventional power sources are much more costly, convert the energy of nonrewable fossil or
nuclear fuels at efficiencies of 30 percent or less, and produce by-products having various detrimental
environmental effects.

Often a hydroelectric dam is a multipurpose dam. It can help to control seasonal flooding, thereby
protecting the communities downriver from flood damage. The lake formed above a dam can be
developed as an important recreation area for camping, boating, and fishing. The power supplied by
a hydro plant can improve the economic well-being of the area and attract industry.

Just as many things are gained when a river is dammed for hydropower, many are also lost. When
a reservoir is flooded, land-often much of it prime farmland-is lost. The land is irretrievably gone,
but the lake itself is not permanent. Eventually, sediments from upriver will "silt up" the reservoir,
rendering the dam and the former lake useless. Some of these sediments would be deposited on
floodplains downstream, enriching and renewing the land, if not for the dam.

Damming a river changes land and aquatic habitats above and below the dam. Plant and animal
species may be lost with the flooding of the reservoir. Fishing in the lake actually improves for about
10 years but then declines unless periodic restocking is undertaken. Below the dam, the quality of the
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habitat declines because the dam raises the temperature of the water, causing the oxygen content to
decrease. This causes a decrease in the numbers of trout and similar gamefish in the river. (Norris
Dam, TVA's oldest, discharges cold water from the bottom of the lake into the Clinch River, but it too
is oxygen-deficient because it is from the reservoir's depths. TVA has installed special oxygenating
equipment at the dam to raise the levels of dissolved oxygen in the discharged water in efforts to
improve downstream habitats.)

When a decision to build or not to build a dam is made, all these advantages and disadvantages are
weighed carefully. Everything has its price; society decides which it will pay.

PROCEDURE

I. Students are assigned roles from the following list. The citizen groups can be as large or small as
you wish to allow the entire class to be involved.

Limestone County Board of Supervisors (7 members)
Ledbetter Engineering Associates
Flat Rock Electric Company
Valley Textiles, Inc.
Flat Rock Area Business People
Limestone Game and Fish Association
Friends of Flat Rock Forests
Flat Rock Farmers
Homeowners' Association
County Planner
Citizens of Flat Rock

A. Give each individual or group its role description, the county map, and the problem sheet
(included). These sheets will give your students the background they need. The Board of
Supervisors should be given all of the role descriptions.

B. Discuss the problem sheets with them. Before beginning, answer any questions they may
have about their roles. It is also important to discuss the ways they perceive their roles. What
are their responsibilities as citizens or Board members?

C. Allow the students a day or two to prepare their statements and to conduct any research
necessary before presenting their statements.

II. Conduct the Board of Supervisors meeting.

A. Each group should choose a spokesperson to present its point of view to the Board. The Board
chairman will start the meeting by explaining the issue and restating the alternatives listed on
the problem sheet. Allow each group three minutes to present its statement to the Board. The
Board can decide to offer a different alternative from those presented in the problem. If it does,
its alternative should be heard before the question and answer session; then the meeting
should be recessed to allow the groups time to consider the Board's proposal.

B. After each statement, the Board should be allowed to ask questions of the group. At this point,
any group member can answer the Board's questions.
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C. Allow about 10 minutes for discussion and rebuttal after all statements have been heard.

D. Have the Board recess forfive minutes to make its decision. Members may choose not to build
the dam, or, if the alternative plans tor building the darn are not desirable, members may
suggesttheir own plan. When the decision is announced, they must give the reasons fortheir
choice and explain their decision.

ill. Continue with the follow-up below.

FOLLOW-UP

These questions may be used to discuss the alternatives, issues, and decisionmaking processes used
in this investigation:

I. What diffucu ties were encountered in preparing defenses for each of the positions? What role did
bias play in this preparation?

II. What additional information would have been helpful in reaching a decision?

The cost of the dam and power plant is the only truly factual information given in this activity. Have
students name some other numerical information of interest. Examples are the acreage of the
reservoir and the effect on taxes or utility bills.

Ill. Whatfactors did the Board of Supervisors considerwhen making its decision? What otherfactors
do class members thinkthe Board should have considered? What factors do students think should
be considered in determining the welfare of the county as a whole?

IV. Identify the people whose needs were considered by the Board as it formulated its plan.

A. What effect did the special interest groups and their statements have on the Board? What part
should special interests play in the Board's decisionmaking process?

B. Are there county residents whose needs were not represented? Were their interests identified
and considered in any way? How might they have been considered if they were not?

V. Did anyone's point of view change as a result of the hearing?

VI. Were any compromises made to enable the Board to make its decision? If so, what compromises?
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Student Sheet

MAP OF LIMESTONE COUNTY

Limestone County

Commercial Park

Flat Rock

Legend:

EM Proposed Power Plant

m n 15FR71g l Proposed Reservoir
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Flat Rock
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Student Sheet

TO BUILD OR NOT TO BUILD

Instructions

You are to make a decision concerning the building of a hydroelectric dam on a local stream. Each
of you will be assigned roles from the following list:

Limestone County Board of Supervisors (7 members)
Ledbetter Engineering Associates
Flat Rock Electric Company
Valley Textiles, Inc.
Flat Rock Area Business People
Limestone Game and Fish Association
Friends of Flat Rock Forests
Flat Rock Farmers
Homeowners' Association
County Planner
Citizens of Flat Rock

1. You will be given a role description sheet.

2. Your group is to conduct any research necessary before preparing its statement to be given
before the Board.

* You are to elect a spokesperson who will present your statement to the Board.

4. Your group's presentation must not exceed 3 minutes. The Board may also ask you
questions concerning your ideas.

Problem

The Mayor of Flat Rock was approached by Valley Textiles, Inc., and informed of the company's desire
to expand its operations in Limestone County. In orderto expand, however, the plant will require more
electricity than before. The Flat Rock Electric Company, which provides all the electricity for Flat Rock
and Limestone County, is currently unable to provide the amount needed. If Valley Textiles, Inc.,
cannot get this electricity, they may have to relocate in another area. After considering several
alternatives,including importing power from other companies, Flat Rock Electric has consulted with
Ledbetter Engineering Associates and is recommending damming Tumbling Creek and building a
hydropower plant. It will cost $1 .2 million to build the dam and power plant, but it is expected this will
draw new industries to the area and provide additional flood control. All concerned parties have
gathered at the County Board of Supervisors' meeting to discuss the issue.
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Student Sheet

ROLE DESCRIPTIONS

1. Limestone County Board of Supervisors (7 members)

The decision rests with you. Should Tumbling Creek be dammed and a hydropower plant built?
It is up to you to recognize your own special interests and the interests of each group making
statements before the Board. The decision you make must go beyond the special interests of any
one group and consider the best interests of the county as a whole.

Your first task is to select three Board members who live in and represent the area where the
dam will be located. Then you should consider these questions:

a. What are the advantages and disadvantages of building a dam and a hydropower plant?
What, if any, other options can you consider?

b. How do you take into consideration the feelings of the local citizens in making your
decision?

c. What criteria are you going to use to analyze the statements made by the citizens? Make
a list of them.

d. What factors beside local citizen reaction will you be considering as you work toward a
decision?

e. What parts will all of the factors play as you reach a decision?
f. Is there room for compromise in reaching a decision? If so, do you think citizens will be

willing to make compromises? In what ways? What compromises can you offerthem?

You may ask questions of each group after it has presented its point of view. Then, together with
the other members of the Board, consider all the alternatives. If you like, you can consider other
solutions as well and present them to the citizens at the beginning of your Board meeting. If you
decide to do this, recess thb Board meeting and allow each group to consider your proposal and
develop lists of questions and concerns to be answered before you make the final decision.

2. Ledbetter Engineering Associates

You have been working with the Flat Rock Electric Company to develop the hydropower plant
proposal. Your role is to discuss not only the additional power provided but also the impact on
the environment. You will present to the board an Environmental Impact Statement. Do not forget
to discuss flood control, which is needed for farmers and others who live along Tumbling Creek.

3. Flat Rock Electric Company

You are excited about the prospect of expanding the facility and your services to the community.
Because you are a public utility, the funding for this facility will be from municipal bonds. Your
role is to discuss the economic benefits to the community, such as new industries coming to the
area and increased tourism due to recreation such as boating and camping.

4. Valley Textiles, Inc.

This business is a special interest group. The company needs additional powerto increase its
production of textiles. The president of the company would like to stay in Limestone County. His
employees are happy, the schools are good, and they like living in Flat Rock. He does not want
to lose valuable employees, as he will if he has to relocate. Also, to relocate would cost more
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Student Sheet

ROLE DESCRIPTIONS
(continued)

capital than he has available; but he will relocate his company if necessary, as he will recoup his
expenses within 10 years. Although he has an interest in the new dam, he also has an interest
in the commmunity. He pledges to work closelywith the community and the State Environmental
Department to have as little effect on the stream environment as possible.

5. Flat Rock Area Business People

You are interested in expanding the community. However, there is some concern aboutthe cost
of building the dam and possible increases in city and county income tax, property taxes,and
electric bills.

6. Limestone Game and Fish Association

You are opposed to damming the stream because of the effects on fishing. You enjoy fishing
in streams, not lakes. You are very proud of Tumbling Creek and enjoy fishing in the same spots
your grandfathers fished in. This dam means losing an important piece of your heritage.

7. Friends of Flat Rock Forests

You are opposed to building a dam. This would mean flooding forests and areas in which you
enjoy bird watching, nature walks, fishing, hunting, and family picnics. While you recognize some
of these activities would still be possible with a reservoir, you are very proud of your stream and
do not want to give it up to development.

8. Flat Rock Farmers

You are interested in flood control for your land which borders Tumbling Creek. However, you
are concerned at the acres of farmland which will be flooded to create the reservoir.

9. Homeowners' Association

You are excited about the prospects of developing new lakefront communities and the recrea-
tional opportunities it would bring to the area. You see community growth as good and feel this
project would mean a lot of money in home sales due to the possible increase in the values of
property in the area. More property taxes coming in would mean better schools, roads, and
firefighting and police services.

10. County Planner

You have mixed feelings about the proposal and wonder if hydropower is the best alternative in
the long run for the community. You agree that the county needs to increase the power available
in orderto grow; however, you would like to see other power-producing alternatives considered.

11. Citizens of Flat Rock

Each of you has his/her own opinion but is anxious to listen and consider all the information
presented. You want what is best for everyone in the community.
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GLOSSARY

abiotic factors: non-living factors in the environment such as light, temperature, water, pH, space, and
chemical elements.

alternating current (AC): electrical current that reverses its direction of flow at regularly recurring
intervals.

biotic factors: living factors in the environment such as plants, animals, and microscopic life.

carbon dioxide (C0 2 ): a colorless gas that dissolves in water to form carbonic acid, is absorbed by green
plants in photosynthesis, and is used in the carbonation of beverages; also given off by the
combustion and decomposition of organic substances and by respiration.

diode: an electronic device that restricts current flow to one direction; often constructed of semiconductor
materials (e.g., germanium).

direct current (DC): electrical current that flows in one direction.

dissolved oxygen (DO): the oxygen dissolved in water (for example, in streams or lakes); used as a
water quality indicator.

distribution: the sending of electricityto consumers by local powerdistributors (utilities) afterit has been
transmitted from its point of generation.

electricity: a flow of electric current (electrons) produced in a useful form, i.e., as a source of power.

electromagnet: a magnet consisting of a core wrapped with wire through which an electric current is
passed; the current passing through the wire magnetizes the core.

flow rate: velocity of a stream or the measure of a volume of water passing a given point in some unit
of time; the unit for flow rate in the SI system of measurement is meter/second (mis).

flume: an sloping channel or chute for conveying water (as for furnishing power).

galvanometer: an instrument that measures minute electrical currents.

generator: a machine by which mechanical energy is changed into electrical energy.

gristmill: a mill for grinding grain; many gristmills were water-powered-

habitat: the area or type of environment in which an organism or biological population lives or is found.

head: the depth of water above the opening through which it flows, or how farthe water in a stream "falls"
as elevation decreases.

hydro dam: see hydroelectric dam.

hydroelectric dam: a dam with a hydroelectric generating plant.

hydroelectricity: electricity produced by generators powered by the energy of falling water.
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hydrogenerator: a machine by which the mechanical energy of flowing water is converted to electrical
energy.

hydropotentlal: the potential energy available from a given amount of flowing water.

joule: the unit of measurement for energy in the SI system; one joule is equal to one newton of force
acting through a distance of one meter.

kinetic energy: the energy of a body that is a resultof its motion, ratherthan its position; compare potential

energy.

mass: amount of matter present in a sample; the unit of measurement for mass in the SI system is the
kilogram (kg).

millrace: a canal in which water swiftly flows to and from a mill's water wheel.

multipurpose dam: a dam planned and designed to serve a variety of purposes concurrently; for
example, most of TVA's dams serve to help control flooding, provide for navigation, and create rec-
reation opportunities with their reservoirs, as well as generating electricity.

niche: the role in which a species functions and relates to other organisms and the environment within
a given habitat.

parts per million (ppm): a unit of measurement used in chemical testing; indicates the number of parts
of a chemical found in one million parts of a liquid, solid, or gas mixture; for example, a concentration
of one part per million is equivalent to 8.3 pounds of a material in one million gallons of water.

peak demand: the maximum total amount of electricity used at one time during a day.

penstock: a tunnel or passageway through a dam carrying water (from the reservoir behind the dam)
to a turbine in the dam's hydroelectric plant.

pH: a numeric value indicating a substance's relative acidity or alkalinity on a scale of 0 to 14, where
7.0 is neutral; values less than 7.0 indicate acidity and values greater than 7.0 indicate alkalinity.

potential energy: the energy of a body that is the result of its position, rather than its motion; compare
kinetic energy.

power: the rate at which work is done; the unit of measurement tor power in the SI system is the watt
(W); one watt is equal to one joule per second; also used to mean "electricity."

powerhouse: the structure at the front or lower side of a dam that houses the electrical generating
equipment.

pumped storage hydroelectric plant: a hydroelectric generating facility which operates by pumping
water out of a river to a manmade mountaintop reservoir, then releasing it through tunnels to an
underground powerhouse, and finally releasing it back into the river; used only to meet peak or
emergency demands.

renewable: describes resources that are replaceable by natural processes or cycles; for example, water
power is a renewable resource because water is not consumed when it is used to produce power and
it is constantly recycled by the hydrologic cycle.

H-58



reservoir: an artificial lake (e.g., behind a dam) where water is collected and kept in quantity for use

(e.g., hydroelectricity production).

rotor: the rotating core of a generator whose magnetized coils of wire induce an electric current in the

stator.

stator: the stationary ring structure in a generatorwithin which the rotor spins, inducing an electric current

in the stator's coils of wire.

substation: an electricity distribution facility into which high-voltage transmission lines come for the

reduction of their electricity's voltage for continued, lower-voltage transmission to other substations

or to consumers.

switchyard: the facility at an electrical generating plant that receives the current produced, increases its

voltage, and feeds it into transmission lines.

System International d'Unites (SI): French term which translates to International System of Units; the

modernized metric system which is in nearly universal use.

topographic map: a map showing the exact physical configuration of an area's or region's land surface

including its relief.

transformer: adevice forchanging the voltage of an alternating current; atransformerto increase voltage

is a "step-up' transformer; a "step-down" transformer decreases voltage.

transmission: the sending of high-voltage electric current through wires from the point of generation to

the point(s) where industries or local power distributors decrease the voltage for use or distribution

to consumers.

turbine: a device in which a bladed wheel is turned by the force of falling water or steam and which is

connected by a shaft to a generator.

turbidity: the reduction of the transparency of a liquid due to the scattering and absorbing of light rays

by particles suspended in the liquid; a measure of the amount of sediment or other foreign particles
in a water sample.

turbogenerator: a turbine/generator apparatus for converting water (or steam) power to mechanical
energy and then to electrical energy.

velocity: distance travelled per unit of time; speed or rapidity.

water wheel: a wheel propelled by falling or running water; used primarily as a source of power.

weight: the measure of the gravitational force acting on a body; the SI unit of weight is the newton; one

newton is equal to one kilogram of mass being accelerated at one meter per second squared.

work: a force acting through a distance; uses the same SI unit as potential energy, the joule.
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ENERGY FROM COAL

Coal is classified geologically as a sedi me ntary rock because it was formed by the burial of huge amounts
of plant material over very long time periods. Other sedimentary rocks, like limestone and sandstone, are
inorganic and rich in minerals like calcite and silica (respectively). Coal was formed from once-living
materials and is composed mostly of hydrocarbons. Hydrocarbons are what make coal useful as a fuel;
they are combustible-that is, they will burn orcombine with oxygen. This chemical process releases heat
energy. People use the heat either directly (as for warmth) or indirectly (as for producing steam to use
in generating electricity).

Geologists believe that in the latter part of the Paleozoic Era (about 225-300 million years ago), much ofpresent-day North America was swampy and lushly vegetated. As plants died, they fell into the swamps'
stagnant waters. They decayed only partially because the oxygen deficiency of swamp water prevented
complete oxidation of the substances making up the plants. Decay liberated oxygen and hydrogen,
increasing the relative percentage of carbon present in the plant remains. As this partially decayed plant
material stacked up, a soft, brown material called peat was formed. (Peat is continually formed under
swampy conditions even today.) Peat is a precursorto coal and has relatively little value as afuel because
of its high moisture content. Sediment gradually covered the peat in the ancient swamps. The sediment
load increased the temperature and pressure within the peat, causing chemical reactions that yielded
water and volatiles (organic gases), and pressing these products out of the changing peat. With time, the
peat was transformed into lignite, a soft, brown coal. In some places, more layers of sediment and/or plant
material were laid down, and the transformation contined. There, lignite was transformed into harder,
more carbon-rich subbituminous coal. In some areas, the coal was furthur transformed into bituminous
coal. Although the resultant layers of coal are only a small fraction of the thickness of the peat, the coal's
value as a fuel is many times that of the peat.

Whereas lignite, subbituminous, and bituminous coals are sedimentary rocks, anthracite coal is a
metamorphic rock. When the intense heat and pressure of mountain building processes transformed flat-
lying layers of sedimentary rocks into folded, deformed layers of metamorphic rocks, coal within those
layers was transformed into anthracite. Anthracite is harder and contains less water and fewer volatiles
than other coals. It is much less abundant and more expensive and dangerous to obtain than other coals
(because it must be mined underground).

Different kinds of coal tend to be found in different regions. For example, lignite and subbiturminous coal
are found mostly in the Rocky Mountains and Northern Plains of the United States (U.S.). Bituminous and
anthracite coals are found mostly in the Midwest and Appalachian Mountains.

Coal is the most abundant fossil fuel in the world. Extensive coal deposits are found in the U.S. as well
as in the Soviet Union and other countries. Estimates of the amounts of coal left forfuture use vary widely,
depending on the estimators' ideas about usage rates, ease of obtaining the coal, and the use of coal
versus that of other energy resources. It is probably safe to say that even if our use of coal continues to
grow at about two percent per year over mid-I 980s rates, there is enough economically obtainable coal
in the U.S. to meet those demands for about 100 years. All of this depends, of course, upon many
variables. The fact is that the U.S. exports coal, while we import almost half of the oil we use.

Despite coal's abundance in many areas of the world, wood (and the charcoal made from it) was the
primary fuel used through most of human history. Evidence of sporadic, small-scale uses of coal in ancient
times has been found around the world. For example, evidence of coal use about 3,000 years ago can
be found in Wales, in the Old Testament of the Bible, and in China. The Ancient Greeks also knew of coal's
usefulness. In the U.S., there is evidence that prehistoric southwestern Indians used coal, but the first
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recorded usage was in Virginia around 1700: Commercial coal mining began in Virginia's James River
coal field in 1750. Anthracite was discovered in Pennsylvania in the late 1700s. Not until the industrial
revolution-steam engines, steel-making foundries, and factories, that is-created a demand for a fuel
with higher heat content than wood was coal demanded. Another factor influencing the increase in

demand for coal was the growth of urban/industrial areas in the eastern U.S. and the depletion of forests
in those areas.

When coal overtook wood (and charcoal) as the primary source of energy for heating, industrial
processes, and steam-powered transportation in the mid-1800s, the electric light had not yet been
invented. The incandescent bulb was invented in 1879, and by 1882, the first commercial power plant,
a coal-fired plant, was being operated by Thomas Edison. However, coal's primary uses remained
railroads and industrial and home heating until after World War I. Diesel engines, the surge in industrial
use of oil and natural gas, and the huge increase in demand for electricity swung usage patterns around
until, by 1970, over half the coal consumption in the U.S. was by utilities. In the 1980s, utility coal
consumption climbed to over 80 percent of the U.S. total; utilities burned about 600 million tons of coal
in 1981. Some experts believe that the utilities' share of U.S. coal consumption will continue to increase
into the 1990s.

Over half of the electricity generated in the U.S. today is produced in coal-burning power plants. In the
Tennessee Valley in 1987, coal was used to generate over 80 percent of our electricity. Hydroelectric
generation ran a distant second. Coal's dependability is especially important when drought reduces
hydropower's capacity or the nuclear power industry experiences problems.

In the Tennessee Valley, 11 coal-fired power plants are operated by the Tennessee Valley Authority
(TVA). Although TVA originally generated only hydroelectricity, the demand for electricity grew so quickly
that the agency began building coal-fired plants in the late 1940s. Some of these huge power plants were
the largest in the world when they were built. Each plant is capable of burning thousands of tons of coal
per day.

A coal-burning power plant converts the chemical energy contained within the hydrocarbon's molecular
bonds to electrical energy. When coal is burned, the heat energy that is released is used to boil water
and produce steam. The kinetic force of the pressurized steam is used to spin huge turbines that are
connected to generators. As the turbines spin the generators, electricity is produced. As demands for
electricity increase, more coal must be burned.

Coal is mined by surface orstrip mining techniqueswhen it lieswithin 100 to 200 feet of the earth's surface.
If coal deposits are deeper in the earth, mining is done underground. Over 60 percent of the coal mined
in the U.S. is surface mined.

The earliest coal mining was done by miners using hand tools. The coal was carried away in containers
orwheelbarrows. Later, people dragged carts of coal out of the mines, and as mining progressed, tracks
for the coal cars were laid and animals pulled the cars over the rails. Miners began using explosives to
blast coal loose from the coal seams (layers of coal in the rocks), but all the other work was still done by
hand.

The first electric-powered car for underground mine use was developed in 1883. Around 1900, the
mechanization of mining tools began reducing the amount of hand labor miners had to do, greatly
increasing the amount of coal miners could extract. During the 1920s, loading machines were introduced
into underground mines, and in the '30s, off-track cars using rubber tires or crawlers were developed.
Continuous mining machines, devices that cut coal from seams and load it simultaneously, changed
underground mining about 40 years ago. At the same time, heavy equipment was making it more and
more easy to move massive amounts of earth and coal in surface mines. Perhaps the most important
underground mining development of all was the post-World War II introduction of drill bits that enabled
miners to secure the roofs of mines with roof bolts. Not only did these bolts make the mines much safer
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from cave-ins, but they also allowed for the increased mobility of miners and machinery, because the
previously common posts and crossbars were not as commonly used. Again, improvements in mine

technology made the production of more coal possible.
With increased mining and use of coal, increased environmental effects have become evident. The
production and use of every resource has environmental effects. Mining coal, especially surface mining,
scars the earth, exposing rocks and soil to the likelihood of erosion and the formation of acidic or toxic
compounds from rocks containing iron and sulfur (pyritic) materials. The water quality of streams in
watersheds where such mines are located is often reduced by siltation and chemical pollutants. Aquatic
and terrestrial habitats are negatively affected. The proper reclamation of mined lands restores the land
to productivity and prevents the environmental degradation that occurs if the land is not reclaimed.

The environmental effects of using coal are primarily air quality concerns. Because modern coal-burning
facilities burn coal much more efficiently than those of the past, the sooty smoke of yesterday is largely
unknown today. In fact, most of the plume of "smoke" that can be seen rising above the coal-fired plants
today is water vapor. It also contains small amounts of sulfur and nitrogen oxides. Emissions from coal-
burning plants are regulated and the records of the plants today is much betterthan in the past. Particulate
pollutants (flyash, etc.) are trapped by pollution control devices called electrostatic precipitators. Sulfur
and nitrogen oxides, compounds which combine with atmospheric moisture to form acid rain, are trapped
by scrubbers. Although emission levels are low, the U.S. burns such a huge amount of coal each year
(e.g., almost 730 million tons in 1981) that the cumulative environmental effects of these by-products of
coal burning are measurable. Another effect that is only now beginning to be recognized isthe contribution
of carbon dioxide from the combustion of coal to the "greenhouse effect." This theorized warming of the
earth, due mostly to the atmospheric build-up of gases from the combustion of fossil fuels, has revived
some emphasis on the need for reducing our use of fossil fuels, including coal.

Despite growing concern about acid rain and the greenhouse effect, we are dependent upon the energy
coal provides. No other energy source can match the amount of energy we get from coal, nor is there
another resource that in the near future might replace coal. Because the U.S. has such extensive coal
resources, it is safe to say that using coal will remain essential in our economy and our lifestyles.

As the world's supply of oil dwindles, and as economic pressure against oil imports occurs, coal will again
be looked upon, as it was during the "energy crisis" of the 1970s, as our "energy ace-in-the-hole." We
may well one day have to depend on coal much more than we do now, especially as research and
development of renewable energy alternatives lags.
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COAL AND GEOLOGIC TIME

OBJECTIVES SUBJECTS:
Earth Science, General Science,

The student will do the following: History, Social Studies

1. Develop a visual representation of TIME:
geologic time. 1-3 class pe'iods

2, Perform calculations and measurements MATERIALS:
while developing an accurate time scale. metersticks with millimeter scales,

adding machine paper (or butcher
3. Identify the period of coal formation paper cut into narrow strips),

in relation to all of geologic time. pencils (black and red), student
sheet (included)

BACKGROUND INFORMATION

It is believed that the earth has existed for about 4.6 billion years. Scientists have devised a geologic time
scale in which the history of the earth is divided on the basis of the types of life forms which were dominant
at differenttimes. Divisions of this time scale are usually marked by a break orchange in the types of fossil
forms which dominate or the types of rock most common. Radiometric dating is one method used to
determine the age of fossils and rocks. Relative dating is used in tandem with radiometric and other
methods to help piece together the ancient evidence.

Coal is one of the rock formations that geologists study to find clues from the past. Coal is an organic rock
composed of the partially decayed and tightly compressed remains of plants that lived in ancient swamps
and bogs. Organic debris gradually sank in these swamps and was eventually buried by sediment.
Biochemical decomposition and geophysical processes slowly transformed and fossilized the compacted
mass of organic material into peat and, eventually, into various types of coal.

In comparison with the age of the earth, the span of humanity's existence on the earth is only a brief
moment. It is difficult to visualize the vastness of geologic time. Many people have difficulty grasping the
concept of geologic time. To visualize billions, millions, or even thousands of years is difficult. A scale
which allows us to convert large periods of time into more understandable units helps us to understand
geologic time better.

PROCEDURE

I. In this exercise, the students will make a graphic model that will aid in their understanding of the age
of the earth, as well as identify the periods of coal formation relative to other events in geologic time.
Instead of working in years, the students will work in seconds, with one second representing one year.
Distribute copies of the student sheet "GEOLOGIC TIME" (included). Discuss the chart, comparing
the 'seconds" (years) to minutes, hours, days, and years. This should help students understand the
relative amounts of time in human and geologic history.
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II. After comparing seconds to years, have the students construct a time line using a scale in which a

millimeter equals 1 million years (1:1,000,000). Divide the students into groups or pairs.

A. Cut a piece of adding machine tape just over 5 meters long for each group.

B. Have the students draw a straight line across the strip one centimeter from its left end and print

the word "NOW" along this line. Starting at the "NOW" line, they are to measure five intervals of
one meter each and make a similar mark at each interval. The first line has been labeled "NOW";
the next should be labeled "1 billion years ago," and so on until all are labeled.

C. Have the students measure to find "4.6 billion years ago" and mark this point, labeling it "earth's
formation?"

D. Have the students mark the positions of the events listed in the table. You may need to develop
a chart first for transforming time measurements into distance measurements. (Remember that
1 sec = 1 year, and also that 1 mm = 1 million years; therefore 1,000,000 sec = 1 mm, and in the
same way 1,000,000,000 sec = 1 i.)

Ill. Ask the students what other events could be placed on the geologic time line. You may have them
search through earth science text books for other such geologictime tables. Convert years to seconds
by multiplying by 31,536,000 and compare this information to the data in the chart.

IV. Optional: Assign each group a section of the time line as a research topic. Each group should develop
its assigned topic and then present an expanded time scale to the class. The groups can present their
sections in chronological order, thus providing a broad overview of geologic time to the entire class.
These data can be scrolled onto wooden dowels for easy storage and transport and used to present
this information to other classes both now and in the future. Each group may center on the formation
of coal during its assigned time period; if so, more groups may be assigned more recent times to detail
the use of coal during world industrialization. One group may be assigned the future and should use
the preceding groups' work to predict the uses of coal in the near and distant future.

V. Continue with the follow-up below.

FOLLOW-UP

I. What can you say about the formation of coal when compared to all of geologic time? How does this
compare to human history?

According to the data in the table, geologic time covers an immensely long period of time. Compared
to this, the formation of coal occurred relatively recently, and the development of human history is
much more recent.

II. Describe the conditions necessary for coal to form. Do these exist today? Is coal being formed now?

Subtropical conditions, which can support the luxuriant growth of vegetation, and a bog or swamp
habitat (for moisture and little oxygen) are required. Heat and pressure below layers of sediment are
required to form coal from peat. Of course these conditions exist today, but coal formation takes a
very long period of time.
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Ill. Why is coal referred to as a fossil fuel or as "buried sunshine"?

40 Coal is composed of the fossilized carbon-rich remains of ancient plants. Plants capture the energy
of sunlight with the process of photosynthesis. It is this energy that is stored in coal; burning coal
releases this energy in a form we can use (heat energy).

IV. Why do we include a question mark in the label "earth's formation?"?

Science depends upon observable data for the formation of conclusions. The further the observer
is from the event (in space or time), the less reliable is the data collected and so the less solid is the
conclusion reached.

V. Can coal be considered a renewable resource? Defend your response.

Human life spans-even many human generations-are but an instant compared to the periods of
time necessary to build up any sort of substantial deposit of coal. Because of this, coal is considered
to be a nonrenewable resource.

RESOURCES

Curtis, H. BiolQogy 4th ed. New York: Worth, 1983.

Fischer, A. G. invertebrate Fossils. New York: McGraw-Hill, 1952.

Tarbuck, E. J. and F. K. Lutgens. The Earth: Introduction to Physical Geology. 2nd ed. Columbus, OH:
Merrill, 1987.
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Student Sheet

GEOLOGIC TIME

Scientists have used a variety of methods to determine the age of the earth and to write its geologic history.
Radiometric dating methods and relative dating methods have been used together to supply the range

of ages for the events listed in geologic time tables like that given below. It is not possible to determine
exact ages for such events, and figures given in scientific literature often vary; therefore, the ages given
here are averages and are rounded off for use in this activity.

(for comparison)
seconds converted

Seconds ago to minutes, days,
(where 1 sec = 1 year) Event or years ago

0 now
20 first men on the moon 0.33 min
50 World War 11 0.83 min

125 Civil War 2.1 min
500 Columbus lands in New World 8.3 min

2,000 the year 0 33.3 min
5,000 writing invented 1.4 hr

10,000 most recent glaciers retreat 2.8 hr
(Ice Age ends)

30,000 cave paintings appear 8.4 hr
86,000 Neanderthals widespread 1.0 day

500,000 fire use/cave dwelling begins 5.8 days
1,000,000 present-day Irish peat bogs forming 11.6 days
2,500,000 stone tools appear 29.0 days
3,500,000 Australopithecus 40.5 days

30,000,000 apes appear 347.0 days (0.95 yr)
50,000,000 monkeys appear 1.6 yr
65,000,000 dinosaurs extinct 2.0 yr

136,000,000 birds appear 4.3 yr
200,000,000 mammals appear 6.3 yr
225,000,000 dinosaurs appear 7.1 yr
280,000,000 end of Carboniferous Period 8.9 yr

(coal-forming age)
345,000,000 beginning of Carboniferous Period 10.9 yr
400,000,000 insects, vascular plants appear 12.7 yr
500,000,000 primitive fish, land plants appear 15.9 yr
600,000,000 earliest known fossils; soft-bodied 19.0 yr

marine invertebrates common
700,000,000 first multi-celled organisms appear (?) 22.2 yr

3,400,000,000 first one-celled organisms appear (?) 107.8 yr
4,000,000,000 approximate age of oldest rocks 126.8 yr
4,500,000,000 approximate age of meteorites 142.7 yr
4,600,000,000 formation of the earth (?) 145.8 yr
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U.S. COAL DEPOSITS

OBJECTIVES SUBJECTS:
Social Studies, Geography,

The student will do the following: Economics, Earth Science

1. Research independently to gather information TIME:
about primary transportation networks in the U.S. 1-2 class periods

2. Determine and then indicate on a U.S. map the MATERIALS:
major industrial regions and the 20 largest colored pencils, student sheet
urban areas. (included)

3. Synthesize the above information with that
provided in the map showing U.S. coal deposits to
develop an understanding of the relationship
between coal and our industrialized society.

BACKGROUND INFORMATION

Coal has been found all over the world. If a coal deposit can be recovered profitably with existing
technology under present economic conditions, we consider it to be a coal "reserve." It is estimated that
we have reserves of over 700 billion short tons (as opposed to metric or long tons) of coal in the world.
Although estimates vary, it is believed the United States ( U.S.) has approximately 30 percent of the
world's coal reserves; the USSR, 20 percent; and China,15 percent. The remaining amount is shared
primarily by Australia, Canada, Great Britain, India, Poland, South Africa, and West Germany.

Having large coal reserves would not mean very much without the ability to obtain it and transport it to
market efficiently and economically. The U.S. uses some of the world's most advanced coal mining
technologies, and large-scale mechanization of the coal industry has resulted in an ability to supply vast
quantities of coal to a variety of markets, both at home and abroad. In 1986, coal production in the U.S.
totalled over 910 million short tons; just over 10 percent of it was exported.

An important link in the coal distribution chain is the transportation network. About 90 percent of
domestically marketed coal is moved long distances by railroads, barges, and trucks. (Railroads carry
about 60 percent of the coal, and trucks and barges haul the other 30 percent.) The remainder is
transported shorterdistances by trucks orconveyorsystems foruse in "mine mouth" electric powerplants,
located at the coal mines. Coal slurry pipelines are also feasible in some locations. Coal for the overseas
market is shipped from U.S. ports in large ships called colliers.

PROCEDURE

i. Introduce the lesson by shaving the "Background Information" with the students.
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II. Provide each student with a copy of the student sheet entitled "U.S. Coal Deposits" (included). Divide
the class into pairs.

A. Arrange for the students to use the school library or assign them to visit the public library to
research their topics. Have one student research U.S. transportation networks and the other
research U.S. urban and industrial centers. Data collected about transportation should include
the different types of transport, the efficiencies of each, and major routes. Data collected about
urban and industrial centers should include the 20 major urban/industrial cities and their popu-
lations, industry types (coal-related), recent growth or decline, relative costs of living, and other
pertinent information.

B. After researching the topics, the pairshould then worktogetherto draw the transportation network
and the urban/industrial centers on the map of coal deposits in the U.S.

Ill. Discuss the relationships between coal, transportation, and industrial development. Have the
students use the maps they have marked.

A. Ask the students what observations (first-hand experiences of things or events) and inferences
(judgments about observations or events) they can make about the U.S. as to the location of coal
deposits, transportation networks, industrial centers, and urban areas. Relate the information
collected in this activity to the current U.S. population shift from the East to the Sunbelt and
Midwest. Ask the students: What are the implications of this for coal use in the U.S. and in the
Tennessee Valley region?

B. After the students have briefly shared summaries of the information recorded on their maps, ask
them how these factors are interrelated.

During colonization and expansion in the U.S., urban centers developed near rivers and seaports
because of transport needs. Also, the industrialization of this Nation caused those areas near
usable coal deposits to develop more rapidly. This caused populations to grow as people came
to fill the new jobs created. These factors show the relationships of the locations of current urban!
industrial areas and the transport web that connects them. Of course, some areas developed for
other reasons and these reasons should also be considered and discussed by the class. It could
also be interesting for the class to discuss future expectations concerning transport networks,
urban growth, and manufacturing centers, as our economy shifts from manufacturing to service
and information industries.

C. Ask the students what observations and inferences they can make about the availability and use
of coal in the Tennessee Valley.

The recent increases in the use of coal in electric power generation by TVA reflect a decision to
rely on coal (especially our regionally available coal) more and more. Again, this is due to cost,
efficiency, reliability, available technology, and other factors that make coal a good short-term
energyoption. It is also important to note thatthe drought of the mid-and late-i 980s, coupledwith
the idle status of TVA's nuclear plants, caused an unusually high reliance on coal for generating
electricity.

D. Ask the students how they think the availability of coal directly affects our overall economy.

Consider coal uses in our economy (the production of electricity and direct use by industries,
businesses, and homes). Then consider the availability of alternative energy sources that could
take coal's place. Replacements would be significantly more costly and would result in an
economic price spiral.

IV. Continue with the follow-up below.
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FOLLOW-UP

i. Discuss with the students why coal is a major source of energy for the U.S. today. What are itsadvantages and disadvantages?

Coal is a major source of energy due to executive decisions (particularly by the Federal Government)made years ago to promote coal use. This decision was made because the U.S. has substantialrecoverable deposits of coal that can last about 100 years even at currently increasing rates of use.Also, coal-fired technology is fairly well developed and can be used in large, centralized powerproduction plants (fitting our current electricity distribution networks). The environmental problemsassociated with coal use can be mitigated with the application of available (and developing)technologies-if we are willing to bear the expense. Air pollution from burning coal can be controlledbetter, but there is increasing concern over carbon dioxide build-up in the atmosphere. Mining isanother primary concern. Deep mining is very expensive and dangerous. Strip mining extracts morecoal than does deep mining; it is also less expensive and less hazardous. However, strip-mined landmust be reclaimed to prevent a variety of serious environmental problems.

II. Askthe students if they have ideas about the technologieswe need to develop in orderto betterutilizeour coal reserves.

Some possibilities are coal transport (slurry pipelines, gasification, etc.); coal extraction techniques(more efficient and environmentally safe); coal burning (increasing burning efficiency, better removalof air pollutants, increasing efficiency of small coal furnaces).

RESOURCE

An Amenican Asset. (28-minute film.) New Hyde Park, New York: Modern Talking Picture Services,Inc., n.d.

Encyclopaedia Britannica. 1989 Britannica Book of the Year. Chicago: Author, 1989.

Fowler, J.M. Energy and the Environment. 2nd ed. New York: McGraw-Hill, 1984.

Kirchen, W. Our Natural Resources. N.p.: Interstate Printers and Publishers, 1982.
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RECOVERING, PROCESSING, AND
UTILIZING COAL

OBJECTIVES SUBJECTS:
Social Studies, General Science,

The student will do the following: Earth Science, History, Economics

1. Participate in a group researching and TIME:
summarizing the history of recovering, 3-4 class periods
processing, or utilizing coal.

MATERIALS:
2. Assist in illustrating the information from assorted colored felt-tip markers

the research on a poster/chart, or pencils, newsprint or
posterboard, masking tape

3. Assist in presenting to the class his/her
group's summary concerning recovery,
processing, or utilization of coal.

4. Integrate the history of coal mining and
its uses with his/her understanding
of the development of our Nation.

BACKGROUND INFORMATION

The use of coal has had a long--though very slow-starting-history. Intensive coal use has only come
about in the last 150 years. (See the overview for more information.) Today we use massive amounts
of coal each year. For example, in 1986 the United States (U.S.) consumed over 817,935,000 short tons
of coal. That same year, over 910,464,000 short tons were mined in this country. (The U.S. exports just
over 10 percent of its mined coal.) About 60 percent of the coal used in this country is used to generate
electricity.

In the Tennessee Valley region in 1986, almost 35,500,000 tons of coal were burned in TVA's fossil-fired
generating plants. That year, 90 percent of the electricity in the Valley was produced in these plants.

The historical development of the mining and use of coal has been inextricably woven into the
development of economics, technologies, and energy demands. These things are all interrelated. An
examination of coal mining and use histories introduces students not only to mining methods and the
important uses of coal in our society, but also encourages them to better synthesize their understandings
of our Nation's geographical, historical, technological, and economic development.

PROCEDURE

i. Have the students research coal recovery, processing, and use.

A. Divide the students into three groups. Select one student from each group and form a fourth,
smaller group. This small group will work on the processing of coal. (It is much less complicated
and much more limited than the other three topics.)
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B. Have two groups focus on the recovery of coal-one on surface mining and one on underground
mining. Have the other large group focus on the utilization of coal. The students are to research
the events, procedures, and technological advances significant in each of these areas. The
developments should be listed chronologically. (NOTE: You may wish to reserve the library and
ask the librarian to help your students forone ortwo class periods. The rest of the research could
then be finished as a home assignment.)

C. Each group should then plot these events, procedures, and technological advances on a poster!
chart, illustrating each event (if possible).

II. Each group will make a presentation of its findings and its illustrated poster/chart. Each member of
the group should have some part in the presentation.

Ill. Continue with the follow-up below.

FOLLOW-UP

I. Have the students compare the four poster/charts. How are the developments of the four topics
related? How do they affect each other?

II. Have the students discuss the effect of other events or developments outside the specific areas they
researched. How were their topics affected by social, economic, technological, and other factors?

Developments or technological advances made in society (e.g., invention of the steam engine; de-
velopment of electricity, explosives, etc.) carry over into all of the four areas and have different impacts
on each. Look for concurrent events on the charts that may have a common cause or otherwise be

related. Economic factors such as organized labor, war, and depression should also be considered.
Recent environmental protection laws (e.g., mine reclamation, and water and air quality laws) have
also affected the production and use of coal.

Ill. What do the students project for the future?

Eventually, as petroleum deposits are consumed, coal may become more valuable as a source of
liquid petroleum products for lubrication and for synthesis of various materials including nylon, plastic,
and polyester. The price of coal should rise if there is an expanded market, especially for high-quality
coal. Eventually, the burning of fossil fuels will be viewed as wasteful, like burning dollar bills to stay
warm; our burning of coal, oil, and gas may seem foolish. It is possible that other power sources may
take over coal's current role, and farm-grown vegetable and seed crops may provide raw materials
for our synthetics industries. In that case, coal may lie in the ground unused.

RESOURCES

Bloom, A. L. Geomomhology. An Analysis of Land Forms. Englewood Cliffs, N.J.: Prentice Hall,1978.

Encyclopaedia Britannica. 1989 Britannica Book of the Year. Chicago: Author, 1989.

Stone, D. B. Earth Science. N.p.: American Book Company, 1980.

Tennessee Valley Authority. "Power Pocket Profile." N.p.: Author, 1987.
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MEASURING HEAT ENERGY

OBJECTIVES SUBJECTS:
Physical Science, Earth Science,

The student will do the following: General Science

1. Measure and compare the relative TIME:
heat contents of coal and peat and 1-2 class periods
make inferences about these
two fuels. MATERIALS:

(for each group) metal punch, tin snips,2. Perform simple calculations to test tube clamp, cork, needle, 1-lb coffee
convert temperature change to heat can, samples of peat and coal, wooden
energy change. kitchen matches, test tube, ring stand,

100 ml graduated cylinder, student sheets3. Develop experimental techniques in the (included)
use of a simple calorimeter.

BACKGROUND INFORMATION

Coal, like oil and natural gas, is a fossil fuel formed from the remains of living things. Over a quarter of
a billion years ago, the earth was much warmer and wetter than it is now. Fern-like trees, huge mosses,
and othertropical plants grew profusely on the earth's swampy surface. They died and fell into the shallow
water, building up layer upon layer. Cut off from oxygen by the water, much of the plant material did not
decay. As time passed, the partially decayed organic matter built up into the spongy substance called
peat. Layers of soil and sand-sediments--gradually buried the peat deeper and deeper. As the resulting
pressure (and temperature increases) compacted and chemically changed the peat, hydrogen and
oxygen were driven off and a solid hydrocarbon was left behind. This is the rock called coal.

Coal is a mixture of high molar mass (very large molecule) hydrocarbons, some water, and some volatile
compounds (mostly sulfur and nitrogen compounds that produce gaseous waste products when coal is
burned). When this fuel is burned, a significant amount of heat is given off as the hydrocarbons areoxidized. A typical, simplified reaction equation might be' CWH 8+ 1202 - 0 10oco + 4H2 0 + heat

PROCEDURE

i. Share the background information with the students.

A. Explain the objectives of the lesson.

B. Define calorie and calorimeter.

II. Have the students build the calorimeter.

A. Divide the class into groups of four to six students. Give each group acopy of the student sheet
"COFFEE CAN CALORIMETER" (included) and the materials needed to build the calorimeter.

0-14



B. Supervise the activity carefully.

Ill. Have the students conduct the experiment.

A. Give each group a copy of the student sheet "MEASURING HEAT ENERGY" (included) and the

samples of peat and coal.

B. Have the students carefully read the instructions before beginning the experiment. Answer any

questions they have.

IV. When the experiment is completed, have the students compare their results with their classmates'

results to determine which material transferred the most heat energy to the water.

V. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students the following questions.

A. Which was the most concentrated of the two fuels?

The coal.

B. Which seemed to be the cleanest?

Depends on the purity of the coal; note the amount of dark smoke released by each sample.

C. Why did you need to use a match to start the reaction? Does it always take energy to get energy?

This type of reaction (oxidation) requires thvee factors: fuel, oxygen, and heat. (In living cells,

catalysts lower the amount of heat required to initiate oxidation reactions.) The peat and coal

samples are the fuel, the atmosphere contains the oxygen, and the match provides the heat.

These fuels are self-supporting; i.e., they produce enough heat to maintain the combustion.

II. Ask the students to define "fuel,' based upon this experiment.

A possible definition might be "A fuel is a chemical substance that reacts with oxygen and releases

heat as a by-product of the reaction."

Ill. Extension: Have the students find out how much energy coal releases when it is burned in a fossil-

fired generating plant. Then find out how much of that energy is converted to electrical energy.

RESOURCES

Masterson, W. L., E. J. Slowinski, and C. L. Stanitski. Chemical Principles. 6th ed. Philadelphia:

Saunders College Publishing, 1985.

Tracey, G., H. Trapp and A. Friedl. Modern Physical Science. New York: Holt, Rinehart, and Winston,

1983.
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Student Sheet

COFFEE CAN CALORIMETER

TEST TUBE HOLDER
(SUPPORT ON RING STAND) THERMOMETER

VENT HOLES I V
(PUNCHED IN BOTTOM OF CAN) i

I I I

'2

TEST TUBE
(CONTAINS WATER)

COFFEE CAN

PEAT SAMPLE
(HELD ON NEEDLE)

CORK
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Student Sheet

MEASURING HEAT ENERGY
Instructions

1. Conduct the experiment, following these directions.

a. Add 60 ml of tap water to the test tube. Measure the water temperature (,C) and record in Data
Table 1.

b. Measure about 0.2 - 0.3 g of peat. (Additional peat will boil the water and change the results.)

c. Place the peat firmly on the needle which is secured in the cork stand.

d. Use a match to ignite the sample of peat, and immediately place the sample beneath the testtube.
(WARNING: Do not allow the test tube mouth to point at your face or toward another
person.)

e. Watch the sample until it burns completely. When the flame goes out, take the temperature of

the water in the test tube and record the reading in the data table.

2. Perform the calculations. Calculate the change in the temperature of the water in the test tube; then

calculate the calories of heat energy gained. One calorie is defined as the amount of heat energy

required to raise the temperature of one ml of liquid water one degree Celsius. (Since you used 60

ml of water, you will multiply the temperature difference by 60.) Use this formula:

(-C2 - 0C1) x 60 = calories.

3. Repeat the entire procedure with the coal sample. Record your findings and calculations in Data
Table 2.

Tap Water 0_

Heated Water 0_

DATA TABLE 1:
PEAT

Difference 0_

Calories Gained cal

Tap Water 0C

DATA TABLE 2: Heated Water 0_

COAL

Difference 0C

Calories Gained cal
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COAL AND WATER

OBJECTIVES SUBJECTS:
Earth Science, General Science,The student will do the following: Physical Science, Mathematics

1. Dry samples of high-moisture and TIME:
low-moisture coal and compare the wet 1-2 class periods
and dry masses.

MATERIALS:
2. Calculate the percent mass of moisture coal samples, oven, aluminum pans,in high-moisture and low-moisture balance (or scales), student sheet

coal samples. (included)

3. Compare the energy value (energy
per unit of mass) of high-moisture
and low-moisture coal.

BACKGROUND INFORMATION

Most of the coal we use today was formed during the Carboniferous Period from the remains of plantsliving during that time. All living organisms are primarily composed of carbon, hydrogen, oxygen, andnitrogen. If decay occurs where there is little oxygen, substances consisting mostly of hydrocarbons areleft. These hydrocarbons will burn when oxygen is present. Products of burning these hydrocarbonsinclude heat, carbon dioxide, and water.

As coal was formed, the moisture content decreased as the material went through the stages of formation,changing from peat to lignite to subbituminous and bituminous coal. Peat, a precursor to coal, burns,although it has a high moisture content. (Peat is an importantfuel in Ireland and the Soviet Union.) Lignitehas lost most of its moisture and much of its oxygen and nitrogen. Subbituminous coal has less moisturethan lignite. Bituminous coal has still less moisture, and anthracite has the least of all.

Anthracite is the cleanest-burning coal of all, but it does not produce much more heat per unit of weightthan do the higher grades of bituminous coal, and it is not very abundant in the U.S. Because bituminouscoal is found in such large deposits inthe Eastern US. and because of its high heat value, it is the primarycoal used in the Tennessee Valley. TVA's coal-fired generating plants usually burn bituminous coal.

The moisture content of coal is an economic concern to companies purchasing coal. This is because themoisture (water) is costly. Coal is purchased by weight. Water adds to the cost of the coal without addingto its worth as a fuel; in fact, it decreases its worth as a fuel. Moisture content is also important in the costof transporting coal from the mines to the sites of its use.
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COAL MOISTURE CARBON ENERGY

BANK CONTENT CONTENT VALUE
(AS MINEPI (WHEN DRY

peat >75% 60% 16,800 kJ/kg

lignite 35% 60-71% 23,000 kJ/kg

subbituminous 10-25% 71-77% 29,300 kJ/kg

coal

bituminous 8% 77-87% 36,250 kJ/kg

coal

anthracite <8% 87->91% >36,250 kJ/kg

*Energy value is expressed in kilojoules per kilogram of coal.

PROCEDURE

i. Obtain numerous small samples of bituminous coal. Divide the samples into two groups. Number

the samples in each group; use different colors so that the first group's samples are distinguishable

fromthe samples in the second group. (For abettercomparison, soakthe group #2 samples overnight

in water.) The coal samples will be oven-dried and their "wet" masses and "dry" masses will be

compared. (NOTE: If possible, you may want to compare samples of anthracite and bituminous coal.

Inthis case, eliminatethe soakingof the coal and let group#1 be anthracite and group#2, bituminous.)

II. Divide the class into halves and give each half of the class half of the samples from each coal group

(#1 and #2).

A. Have the students take the mass of each sample (from both groups) before they are dried and

record the masses in the data table on the student sheet (included).

B. Provide each group of studentswith two large disposable aluminum pans on which to dry the coal.

Have them place the samples from each group on separate pans and place the pans into a low-

heat drying oven (3500F).

C. The coal samples should be dried for three to six hours. They should be turned from time to time.

D. After the coal has been dried, the students are to take the dry mass of each sample and record

the masses in the data table.

E. When all the masses are determined, have the students calculate the change in mass for each

sample. The students are then to calculate the percent mass of coal (as opposed to moisture)

in each sample. Have them average these calculations for each of the groups of samples.

Ill. Share with the class the information given in the background information section of this activity.

A. Be sure the students understand why coal's moisture content is important.

B. Have the students use thb average percentages of moisture content for each group of samples

to calculate the amount of coal (as opposed to water) in a ton of coal of the kind in each group

of samples.
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C. Tell the students that TVA's coal-burning power plants burned almost 34.9 million tons of coal infiscal year 1988 (October 1987 through September1988). Remind them of the economic effectsof even small percentage weights of moisture in coal.

IV. Have the students calculate the energy value of the coals in sample groups #1 and #2. One ton ofbituminous coal can be burned in a generating plant to produce 2,400 kilowatthours (kWh) ofelectricity. Multiply the percent mass of coal in the sample groups by 2,400 kWh to determine theaverage energy value of each kind of coal. (You may want to compare their answers to normalmonthly household energy use.)

V. Continue with the follow-up below.

FOLLOW-UP

i. Have the students brainstorm a list of factors involved in using coal.

Some of the factors are the type of mine, depth of the coal seam, purity of the coal, type of coal,moisture content of the coal, distance from the mine to the user, type of transport available, processingnecessary, and use of the coal. What about waste, pollution control, cost of coal, etc.?

II. Lead a class discussion of the pros and cons of using coal. What are our other choices?

Ill. Optional: You may wish to have the students compare the economics of coal energy to hydropower,
nuclear power, and solar power.

Construction costs, generation costs per kilowatthour, expected fuel availability, life expectancy ofeach type of plant, expected environmental costs, shut-down costs, and other factors all contributeto the overall economics of energy production.

RESOURCE

National Geographic. Energy. (A Special Report.) Washington, D. C.: Author, 1981.
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Student Sheet

COAL AND WATER

Instructions

1. Take the mass of each coal sample before drying. Record the masses. Take the mass again after

drying. Record the dry masses. Calculate the change in mass for each sample.

GROUP 1 SAMPLES

SAMPLE # WET DRY DIFFERENCE % MASS OF COAL

1.

1. _________________ ____________________________________th aswr y 100todee min te eren

2 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. ___ __ __ ___ __ __ ___________________________p o sam les

5 . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.

8 . _ _ _ _ _ _ _ _ _ _ _ _ _

9 . _ _ _ _ _ _ _ _ _ _ _ _ _

10 . _ _ _ _ _ _ _ _ _ _ _ _ _

GROUP 2 SAMPLES

SAMPLE# WET DRY DIFFERENCE % MASS OF COAL

3.
4.

8.

9.

average percent mass of each sample group by 2,000 pounds.)

5. Calculate the energy value of the two coal samples. One ton of bituminous coal can be burned to

produce 2,400 kilowatthours of electricity. (Multiply the percent mass of coal for each sample group

by 2,400 kWh).
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COAL: GENERATING ELECTRICITY

OBJECTIVES SUBJECTS:
General Science, Physical ScienceThe student will do the following:
TIME:

1, Identify the major parts of a coal-fired 1-2 class periods
power plant.

MATERIALS:
2. Demonstrate how a coal-fired power (for each group) flask with a one-holeplant generates electricity by simulating rubber stopper, glass or rubber tubing,

a boiler and turbine. alcohol or bunsen burner (or a hot plate),
tinker toy or erector set to build wheel3. Calculate the amount of coal needed with blades (or a pinwheel), base forto generate enough electricity for his/her the wheel, student sheet (included)

home and school for a month and a year.

BACKGROUND INFORMATION

Electricity is not an energy source, but rather a way of delivering convenient, clean, multipurpose energythat originated in a resource like coal, oil, natural gas, or falling water. More electricity is generated fromcoal than any other energy resource. Over one-half of the electricity generated in the United States (over80 percent in the Tennessee Valley) is produced by coal-burning power plants.

When coal is burned, the chemical energy stored in the hydrocarbons' molecular bonds is released asheat energy. The heat energy is used to boil water. The water is contained in the walls of a large vesselcalled a boiler. The boiler's walls are composed of hollow tubes welded together. As the coal burns insidethe boiler, heat from its burning turns the water in the tubes into steam.

At temperatures of greater than 1000 degrees Fahrenheit and high pressure, the steam is jetted into aturbine, causing it to spin very rapidly. The turbine turns the shaft of a generator. Inside the generator,the mechanical energy of spinning generator parts is converted into electrical energy. The spent steamthat has passed through the turbine blades is then cooled back to the liquid phase (condensed) andrecirculated to the boiler, where it is used again.

PROCEDURE

i. Using the factsheet and the background information, discuss the importance of coal in providing
electricity for the Nation and the Valley.

II. Give each student a copy of the student sheet "COAL-FIRED GENERATING PLANT," included.

A. Using the student sheet, trace the steps in the process of generating electricity using coal as afuel.
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B. Ask the students how this process differs from the process used in generating electricity using

hydro or nuclear power. What are the similarities? (Seethe activity 'HYDROELECTRICITY FOR
YOU" in the chapter on hydropower and the activity "POWER PLANT CYCLE" in the chapter on
nuclear energy.)

C. Ask the students where, in the process of using coal, they think they might find environmental
impacts and what has been done to reduce or eliminate these environmental impacts. (Using the

student sheet, point out that the electrostatic precipitator removes fly ash, scrubbers remove

sulfur dioxide, and the cooling water returning to the river is cooled before it is released into the

river.)

III. Demonstrate the operation of a boiler and turbine.

A. Explain to the students they will be simulating the operation of a boiler and using the steam

generated to turn a turbine.

B. Divide the students into three groups and give each group the materials necessary to perform the

demonstration.

C. Have the students assemble the model, using the illustration on the student sheet.

0. Have the students carefully read the instructions before beginning the demonstration. Answer

any questions. REMIND THE STUDENTS NOT TO DIRECT THE STEAM TOWARD THEM-
SELVES OR ANY MEMBER OF THE GROUP. (STEAM CAN CAUSE SERIOUS BURNS.)

E. Supervise as the groups conduct the demonstration. NOTE: If materials are not available for
three groups, you may wish to conduct the demonstration for the entire class.

IV. Havethe students bringfrom home one month's utility bill. Obtain one month's utility billforthe school.
(You may have to obtain figures from your school system.)

A Tell the students how many kilowatthours of electricity the school used in one month and that one
ton of bituminous coal produces 2,400 kilowatthours. Ask the students how many tons of coal

were needed to generate enough electricity for the school in that month.

B. Have the students determine the number of kilowatthours shown on their home bills and multiply
that figure by 12 to estimate the number of kilowatthours they might use in one year. Then have

them determine how many tons of coal are needed to generate enough electricity for their homes
for one year. How many tons of coal are needed for the homes represented by the entire class?

V. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students what (in the demonstration) represented the coal, the boiler, and the turbine. What
steps are next in the process of burning coal to generate electricity?

II. Have the students compare and contrast the production of electricity in a coal-tired plant, a nuclear
plant, and a hydroelectric plant.
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Ill. Have the students examine coal's importance in the fuel mix.

A. Have the students use the following information to draw a pie chart showing the national averagefuel mix (for generating electricity).

NON-FOSSIL FUELS

Hydropower 11%

Geothermal less than 1%

Windpower less than 1%

Nuclear 12%

Wood and wastes less than 1%

FOSSIL FUELS

Natural gas 15%

Oil 9%

Coal 52%

B. Have the students contact the local utility company and ask for information on the fuel mix of theutility's generating plants.

C. Have the students determine what fuels (or non-fuels) are used to heat their homes. How manydifferent ways do their families heat their homes? (Does anyone use solar heating?) Place theanswers on the board and determine the fuel mix (for home heating) for the class.

RESOURCES

Enterprise for Education, Inc. "Unit Three. Fossil Fuels: History and Technology." The Enerov 80Teacher[s Resource Book. Santa Monica, CA: Author, 1986.

Tennessee Energy Education Network. "Boiler and Turbine Project." N.p.: Author, n.d.
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Student Sheet

COAL-FIRED GENERATING PLANT

CHIMNEY

ELECTROSTATIC SCRUBBET

PRECIPITATOR WTR COIWT

COAL STORAGE c -7 1 I I0 II. II

REMOVES REMOVES
FLYASH SULFUR

DIOXIDE

COMBUSTION

COAL BIN L A BIL N TURBINE

STEAM ~~GENERATOR

118 OIE ELECTRICITY

·2, ~~~~~~~~~~~~~~~~~~OUT

1.. AssemblethemodelasshownRET
WATER

CRUSHER 

HOUSE1

in te i.COOLING WATER

COAL ~~~~~~~~PUMP (PUMPS

FAN PULVERIZER ~~~~~~~~WATER TO BOILER)

BOTTOM
ASH OUT HERE

BUILD A BOILER AND TURBINE

Instructions

1, Assemble the model as shown
in the illustration.

2. Heat the water to boiling and direct the steam toward the wheel. You may need to place the wheel

very close to get it to spin. WARNING: Do not direct the steam toward yourself or any member
of your group; steam can cause serious burns.
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ACID RAIN

OBJECTIVES SUBJECTS:
Ecology/Environmental Science, Earth

The student will do the following: Science, Physical Science, General Science,
Chemistry

1. Observe and explain a demonstration
of the reaction of acid precipitation on TIME:
limestone and granite materials. 1 class period (plus optional exercise)

2. Predict the possible effects of acid MATERIALS:
precipation in our natural environment, crushed limestone (enough to fill a 2-liter

container; available at garden supply),
crushed granite (enough to fill a 2-liter
container; available at garden supply),
(2) 3-liter soda bottles or 1-gallon plastic
containers, 1-gallon plastic bottle, (2) clear 1-
pint collecting containers, sulfuric acid, pH
indicator solution, distilled water, water test kit
or pH meter, optional student sheet (included)

BACKGROUND INFORMATION

Normal rainfall is slightly acidic (pH 5.6, where 7.0 is neutral) because of reactions with atmospheric
carbon dioxide which form carbonic acid. Rainfall with a pH of less than 5.6 is referred to as acid rain.
Acidic precipitation contains sulfuric and nitric acids. The sources of these acids are both natural and
manmade. Acid rain is produced naturally through geothermal emissions and biological processes, but
our heavy use of fossil fuels is the most significant contributor by far. Emissions from automobiles and
other vehicles and from utilities and industries are the chief sources of acid-forming sulfur and nitrogen
oxides. These compounds react with water to form acids. These acids reach the ground in rain and snow,
finding their way into surface and groundwater systems. Sometimes the particles of oxidized material fall
directly to the earth in dry form and combine with surface water to produce acids.

Acid deposition is a problem in much of the United States (U.S.), but the degree to which an area suffers
from it varies according to the total acidity deposited and the area's sensitivity to that acidity. One factor
in sensitivity is the geology of a particular area. In areas where the bedrock is limestone, acid precipitation
can be neutralized to some degree by acid-base reactions; limestone's buffering action lessens its impact.
In mountainous areas, the bedrock is generally granite, which does not neutralize acid. In such areas,
acid rain enters surface and groundwater systems virtually unneutralized, causing the acidity of these
systems to increase and affecting sensitive plants and animals.
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PROCEDURE

I. Prepare a demonstration of the reaction of acid precipitation with limestone and granite.

A. Cut off the bottoms of two clean 3-liter soda bottles (or 1-gallon plastic milk containers). Turn them

upside down and support them so that they are stable. (These will be filled with rocks, so strong
supports are needed.) Place about two liters of crushed granite in one container and the same

amount of crushed limestone in the other. Place a 1-pint collecting container beneath the neck
of each bottle.

B. Prepare simulated acid rain.

1. Distill one gallon of tap water (or purchase a gallon of distilled water) and pour it into the clean

container. Determine its pH (using a water test kit or pH meter).

2. Carefully mix sulfuric acid into the distilled water to achieve a pH of 4.3 to 4.5. This will
approximate the average range of acidities of rainfall in the Tennessee Valley.

II. Share the background information for this activity with the students.

Ill. Demonstrate the effects of the two rock materials on the pH of the simulated rainfall.

A. Place pH indicator solution in both collecting containers.

B. Slowly pour one-half of the "acid rain" solution into each container of crushed rock. Observe as

the solution infiltrates the crushed rock and as the leachate flows into the collection containers.

C. Using the same means of determining pH as was used above, determine the acidity of the liquid

in each collecting container.

D. Have the students record the data using a table like the following:

pH of "acid rain"

pH of water after passing
through the granite

pH of water after passing
through the limestone

IV. Discuss the demonstration with the students. Make sure they understand what they have observed.

A. Ask if there was a color change in the collection containers. If so, have the students explain this

observation.

The non-neutralized and the neutralized "acid rain" solutions were different colors, indicating
different acidities resulting from contact with the rocks.

B. Ask if there was a significant pH change in either container. If so, why do they think this has

occurred?

The pH values obtained from the indicator chart show that there is a difference. Remember also

that pH values are logarithmic, not linear, values and that a change from 5 to 6 means a power
of 10 difference. A change from S to 7 means a power of 100 difference. The limestone
neutralized some of the acid, but the granite did not.
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V. You may want to have your students research the chemical formulae of limestone and thecomponents of granite. This may enable some students to write the chemical equations for theneutralizing reaction and to see why the granite has no buffering action.

VI. Continue with the follow-up below.

FOLLOW-UP

i. Ask the students how acidic precipitation could affect water quality.

Even a slight change in the pH of an aquatic habitat can have a significant effect on the smallorganisms which form the basis of aquatic food chains. In this way, wildlife can be greatly affected.Additionally, a pH change can change the normal concentrations of nutrients and other chemicals inthe water. This too can have significant impacts on wildlife.

II, Ask the students to compare (from their knowledge and experiences) general trends in acidprecipitation in the U.S. and abroad. Are they aware of the results of eastern and midwesternindustrialization on the eastern U.S. and Canada? Can they explain the role of prevailing winds? Arethey aware that Europe's problems with acid rain are worse than ours?

Ill. Extension

A. What are the major sources of acid precipitation? Exactly how is it transmitted? Have thestudents contact the National Oceanographic and Atmospheric Administration (NOAA) forinformation on acid precipitation monitoring in the U.S. and in Canada. What do the students
believe to be the best approach for reducing or eliminating acid rain?

B. Collect some local bedrock samples for use in the above activity. Repeat the demonstration todetermine if your local bedrock is an acid neutralizer. Regions with limestone rock have a naturalability to neutralize acid rain or other acidity and so are not generally affected as much as someother areas. On the other hand, regions with mostly granite rocks tend to be more sensitive toincreases in the acidity of the environment.

C. Using the student sheet "SOILS OF THE TENNESSEE VALLEY" (included), have the studentspredict the effects of acid rain on areas within the Valley region. Which area(s) is (are) mostsusceptible? They will need to look up more information on the soils, particularly the soils' parentmaterials (i.e., the bedrocks from which the soils were formed). This serves as an excellentintroduction to the field of soil science.
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Student Sheet

SOILS OF THE TENNESSEE VALLEY

~~ ::'·i ·;-·· ii·:·-~~~.. ...

ElUderts

Aquolls

Soils of the Tennessee Valley are usually moist, but they may become dry during the summer. The

predominant soil type is an Udult, which is also the predominant soil type throughout the South. There

are smaller proportions of Udalts, Ochrepts, and Haplaquepts, as well as isolated areas of Uderts and

Aquolls.

Udults (Order Ultisols) are moist, low-alkaline soils that have relatively low levels of organic matter below

the surface. They are dry for very short periods, if at all. Udults are good soils for general farming,
woodland, pasture, cotton, and tobacco.

Udalfs (Order Alfisols) are found in temperate and tropical regions. Although usually moist, Udalfs may

become dry for short periods during the summer. Udalfs, found primarily in middle and west Tennessee,

are good soils for row crops, small grains, and pasture.
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Student Sheet

SOILS OF THE TENNESSEE VALEY
(continued)

Ochrepts (Order Inceptisols) are soils that were formed from crystalline clay minerals. These light-colored
soils, found in eastern Tennessee, northern Alabama, and the southwest corner of Virginia, support
woodland, pasture, wheat, sorghum, hay, silage, and corn.

Haplaquepts (Order Inceptisols) are seasonally wet soils that have high levels of organic matter and
sodium. Because these soils occur in association with the Mississippi River, they are found only along
the extreme western border of the region. The Haplaquepts are used for pasture, hay, woodland, and
(where drained) hardy vegetables.

Uderts (Order Vertisols) are usually moist soils. They have wide, deep cracks that often open and close
severaltimes a year; however, these cracks do not stay open continuously for more than 2 months. Ude rts
are good soils for cotton, corn, small grain, pasture, and rice.

Aquolls (Order Mollisols) are seasonally wet soils that have a thick black surface horizon and gray
subsurface horizons. Aquolls are used for pasture and, where drained, for small grains, corn, and
potatoes.

Adapted from:

Tennessee Valley Authority. The First Fifty Years: Changed Land. Changed Lives. N.p.: Author, 1983.
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RECLAIMING MINED LAND

OBJECTIVES SUBJECTS:
Ecology/Environmental Science,

The student will do the following: Earth Science, General Science

1 Research current surface mining practices. TIME:
1-4 class periods (depending upon the2. Simulate surface mining and reclamation, weather)

3. Keep a photographic record to document MATERIALS:
the effects of surface mining and reclamation, shovels, picks, camera, slide film,

stakes, string or rope
4. Develop a narrated slide presentation on

surface mining, reclamation, and the
simulation.

BACKGROUND INFORMATION

Over 60 percent of the coal mined in the United States (U.S.) is surface (strip) mined. Likewise, over halfthe coal mined in the Tennessee Valley is surface mined. Surface mining is usually done when coal liesno more than 100 to 200 feet below the earth's surface. Vegetation is cleared away; soil and rock(overburden) overlying the coal are broken up and hauled away; and the coal is extracted. At one time,miners were not required to do anything to restore a mined area to productivity. The abandoned minesthey left behind are called "orphan" mines. Nature can, and does, reclaim some orphan mines, but theprocess is very slow. The unreclaimed orphan mines remaining today are still having negative impactson the environment-erosion, siltation of streams, acid/toxic pollution of surface and groundwatersystems, degradation of aquatic and associated terrestrial habitats (and the resulting harm to plant andanimal life), and visual blight.

In 1977, Congress enacted the Surface Mining Control and Reclamation Act (SMCRA; pronounced"smack-ruh"). The law requires miners to obtain permits for mining by submitting detailed mining andreclamation plans; defines basic reclamation; sets up guidelines for construction of mine facilities and formaintaining environmental quality; and protects certain lands (e.g., prime farmland) from mining. Basicreclamation is described as restoring the mined area to the approximate original contour, re-covering itwith topsoil, and revegetating it. The intent of the law is restoration of the land after coal has beenextracted; its hope is that reclaimed land can be more useful and productive than it was before it wasmined.

SMCRA also contains the provision of a means to help reclaim orphan mines. A fee is collected for coalproduction; these funds are applied to the reclamation of orphan mines. While these efforts areprogressing slowly, reclamation continues to help heal the land.

PROCEDURE

i. Have the students research surface mining. Arrange for the use of the library during class time ormake the assignment to complete the research out of class. Each student should produce a brief
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paper describing surface mining methods, equipment, and reclamation processes. Diagrams will be
helpful (and will save many words) in describing mining methods. Be sure the students obtain
information about both area and contour surface mining and are able to identify the kinds of terrain
(relatively flat and mountainous, respectively) in which these methods are used.

II. Use the information the students obtain to make an overview/outline on the chalkboard. Have the
students formulate summarizing statements with which to fill out the outline.

Ill. Simulate strip mining.

A. Obtain permission from your school principal to excavate, "mine," and "reclaim" a small plot of
land on the school grounds. Choose an area on a slope if possible. Select a site where there
is no pre-existing erosion problem.

B. Begin recording the project by taking several photographs of the site before the project begins.

C. Have the students make several three-foot-long cuts along the slope's contour, one cut above
the other.

1. The topsoil is to be scraped off first and stored in a separate pile (according to reclamation
requirements).

2. The soil dug out with each cut represents the mine spoils. Depending upon the mining
technique used, the spoils may either be formed into ridges (spoil banks) two feet below the
cuts orthey may be deposited in the previous cut. The latter method is a "haul-back" method
that helps to accomplish reclamation simultaneously with mining.

3. Take several photographs to record the area's appearance after mining.

D. Use stakes and string or rope to cordon off the area (to prevent its disturbance). Leave the area
unreclaimed for about a week or at least until it rains. Photograph the effects of rainfall on the
mine cuts and spoils.

E. If desired, you may leave the mine unreclaimed forseveral more weeks. Continue to monitor and
document the changes in the area.

IV. Simulate reclamation.

A. Restore the area to an approximate original contour by refilling the cuts with the spoils and
smoothing the soil out.

B. Re-cover the spoils with the topsoil.

C. Plant new vegetation. A small amount of grass seed will suffice. (If your principal agrees,
wildflowers [perennials] might be an attractive addition to your campus.) Mulching with straw will
probably be necessary both to reduce erosion (and seed loss) and to help establish the plants
(by retaining soil moisture).

D. Document the procedure with photographs. (If possible, also photograph the plants at full
growth.)
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V. Prepare a slide presentation on the project.

A. Have the photographs developed as slides, not prints.

B. Have the students work together to develop a script with which to narrate the slide presentation.
Be sure the script describes the mining and reclamation procedures and the erosion that took
place before reclamation.

C. Have the students choose a team of classmates (or an individual) to narrate the presentation, and
perform the presentation for the class.

D. Share the presentation with other classes in your school.

VI. Continue with the follow-up below.

FOLLOW-UP

I. Review the basics of surface mining and reclamation with the students. Make sure they can list the
basic requirements of SMORA.

II. This simulation has focused on erosion as a result of surface mining. Ask the students about some
of the effects of erosion. What are some of the other problems created by improper surface mining?

Erosion clogs streams with silt and, in mountainous regions where topsoil tends to be thin, makes it
even more difficult for vegetation to be reestablished on mined land. Acidic and toxic pollution of
streams also reduces water (surface and groundwater) quality; these chemicals are found in many
of the rocks unearthed by mining in the Appalachian region. Unclaimed mines also create a visual
blight that lowers people's enjoyment of the environment and may negatively affect the potential for
economic development (e.g., tourism).

Ill. If your school is located in an area near surface mines, a field tripwould be an interesting wayto follow
up the simulation. Ask if any of your students' parents (or acquaintances) are in the mining business;
they might be willing to help your students better understand mining and reclamation.

IV. Extension: If your school is located in an area where mining is an important element of the local
economy, you may want to have your students examine the costs of mining and mine reclamation!
abandonment, especially the short- and long-term impacts of reclamation regulations.

RESOURCES

Haynes, N. Biological Sciences: AD Ecological Approach. New York: Houghton Mifflin, 1982.

The President's Commission on Coal. Coal£Data Book. Washington: U.S. Government Printing Office,
1980.

Tennessee Valley Authority. "Orphans of the Valley." Vol. I. N.p.: Author, 1984.
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TO MINE OR NOT TO MINE

OBJECTIVES SUBJECTS:
Civics, Earth Science,

The student will do the following: Economics, General
Science, Social Studies

1. Research prevalent outlooks of persons in his/her
community on resource/environmental issues. TIME:

1-3 class periods
2. Formulate a position statement and locate evidence

to support it. MATERIALS:
student sheets (included)

3. Participate in a simulated hearing in which a decision
regarding coal mining will be made.

BACKGROUND INFORMATION

Burning coal produces over50 percent of the electricity generated in the United States (U.S.). In addition
to use by power plants, coal is also used heavily by industries. Because the U.S. has an abundant supply
of coal, coal use helps to control our dependence on foreign energy supplies. The use of coal, however,
has economic and environmental costs that we must recognize.

PROCEDURE

I. Explain that this activity is a simulation in which the students will be making decisions about whether
to mine coal on land near the imaginary community of Cedar Ridge.

II. Describe the scenario for the students: The community of Cedar Ridge is located in a foothills area.
It is a small town which has long been economically dependent on farming, tourism, and several small
lumber mills. Its source of water is Wolf River. Little money is available for improving or expanding
services for the community. Generally, Cedar Ridge is a quiet town characterized by a reluctance to
change. During the past ten years, however, the tourism industry has drawn a number of new citizens
to the community; they tend to be more accepting of change.

Much of the area surrounding Cedar Ridge is prime farmland and forest land, and there is a State park
that is important to the community and to tourists. Coal beds lie about 200 feet under the area but
mining has never been important in the development of the area. The regional utility company now
plans to develop this energy resource.

A committee of citizens has been selected to investigate whether this would be in the best interest
of Cedar Ridge and the surrounding area. The committee will make a recommendation to the City
Council at a hearing. At the hearing, members of the public will be allowed to express their opinions
before the City Council votes.

IlL. Give each student a copy of the student sheet "ROLE DESCRIPTIONS," included. Have the students
select the roles they wish to assume. They should research their roles and positions. If possible, they
should interview individpals in the community that may have insight into these roles.
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IV. After researching, each student should prepare a position statement (supporting or opposing the
resource development project). Some issues that might be addressed in their statements are the
economic impact on the community, water requirements for coal processing, trade-offs involved in
converting woodland and farmland to surface (strip) mines, the value (and uses) of reclaimed land,
effects on wildlife, and problems involved when the mineral rights to the land are held by someone
other than the owner of the surface rights.

V. Havethe three committee members reach an agreement ontheir recommendationto the City Council.

VI. Hold the hearing.

A. Begin the hearing with a restatement of the issue.

B. Have the committee make its recommendation to the City Council.

C. Invite the public to speak. Speakers will include representatives of business, a conservation
group, and the utility company; a state politician; the owner of the land underlain by the coal; and
other concerned citizens.

D. The City Council should request that the committee address the concerns raised by citizens.

E. After a period of discussion, the Council should make its decision and announce it to the people
attending the hearing.

VII. Continue with the suggested follow-up questions and activities below.

FOLLOW-UP

I. Ask the students what implicatidns the final decision has for the future of the community.

This is a decision with long-term consequences. For example, some of the effects of extracting coal
are permanent, and if it is done improperly, the negative effects on the environment may be very
costly. Allow time for the students to think and summarize the results. Accept any answer that can
be supported.

II. Ask the students to identify the 'trade-offs" involved in this situation.

Examples of answers may include trading off some traditional economic elements for coal-related
ones, some tourism for increased power-generating opportunities, and some elements of environ-
mental quality for economic gain.

Ill. Have the students evaluate the simulation. How could it have been improved? How does it differ from
an actual case concerning a similar issue?

IV. Extension: You may have your students pursue some of these optional activities.

A. Attend a real community hearing to see how such issues are handled.

B. Videotape the mock hearing in this activity and edit it for future use. Add narration, sound effects,
an introduction/overview, and a summary.

C. Research the State and Federal regulations involved in coal mining. Organize the information
and present it to the class.
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Student Sheet

ROLE DESCRIPTIONS

City Council (5 members)

Each of you has been elected to the City Council by the people of Cedar Ridge. You will be making the
decision about whetherto allow the mining of the coal near yourtown. You must listen to alithe arguments
and vote according to what you believe to be in the best interests of the town and its people.

While the committee members are preparing their reports, you must look into the legal, economic, and
social implications of each possible committee recommendation. Whether their recommendation is tomine or not to mine, you must be prepared to make the decision.

Committee Members

NewspaPer Editor

You have no strong convictions either way, but you are leaning toward coal removal. Local businesses
(including tourism and lumber businesses) provide most of the newspaper revenue through advertising,
so anything that is good for local business is good forthe newspaper. Also, environmental issues (except
disasters) don't sell newspapers. The public is generally apathetic about the environment, and these
kinds of articles end up on page 14 afterthe obituaries. New jobs, on the other hand, are front page news!

Chamber of Commerce Member

As a representative of the area businesses, you support coal extraction but you also want some
information about how the process will affect the local economy and the local environment. You want the
power company to do an economic and environmental study that is more complete than is required byState and Federal laws. You also want a written agreement, backed up by a trust fund or bond toguarantee damage settlements for any unexpected problems, and a complete plan for recovery of the coal
mine areas after extraction.

Banker

You are opposed to the extraction of the coal. You believe that any gains forthe area would be short term,
and you have the long term in view. Most of your loans are to farmers, and to tourism businesses. These
have been the foundation of the economy in Cedar Ridge for decades and will probably remain so for an
indefinite time to come. If the coal extraction hurts the farmers orthe tourism businesses, these loans maygo into default, and this would hurt the bank. It is not worth the risk.

Sl~eakers

State Senator

Business keeps the State and Federal coffers full, but voters decide who goes to the Senate next year.
Your job is to support business while also supporting issues that most of the people support. Remember
that a negative environmental stance is a strong (though not fatal) blow to a politician. It is all right to
support the extraction of the coal and at the same time maintain that there will be no adverse
environmental effects from the extraction.
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Student Sheet

ROLE DESCRIPTIONS
(continued)

Utility Comoany Board Member

You are very much in favor of utilizing this coal. You feel that the environmental problems can be
minimized and controlled. The coal extraction will benefit the area in two ways. It will directly provide some
jobs for area residents. Indirectly, it will save the power company money, which could ultimately lower
electric rates for all area consumers, spurring continued economic growth. For the power company, the
lower cost of this local coal will help the company remain solvent. Heavy outlays of capital for large,
expensive plants put a large debt burden on the company, and every little bit helps. You need to help your
company survive and make a profit. In doing so, you will help the entire area.

Conservation Group Representative

You are strongly opposed to using this coal deposit. You are convinced that the environmental damage
cannot be reduced adequately. You believe that the coal extraction process will acidify and silt up the river.
This polluted water will reduce outdoor recreation opportunities and could also affect the drinking water
quality of Cedar Ridge. Wildlife habitat will be damaged. Farm production also could be adversely
affected on those farms that depend upon the riverfor crop irrigation due to both the acidity of the water
and the harm done to the farmers' pumps, pipe lines, and sprinklers.

Lumber Mill Manager

You are opposed to the coal mine. The lumber mill requires seasonal labor, and some of this skilled labor
would be attracted to the mine where the work is year-rou nd. The mine might even raise local wages. The
lumber mill (which is heavily labor-intensive) cannot afford to pay higher salaries.

Farmer. Owner of the Coal Field

You are in favor of developing the coal bed. After all, the land does belong to you, and in America, where
you have freedom, you can do whatever you want with your land. Also, it would be nice to be able to retire
and pay off all of your bank debts from farming.

General Public

You may either favor or oppose the coal extraction. Decide your occupation or vocation (make up your
own role description) and follow your principles. Research to find out information to support your
viewpoint. You will have an opportunity to speak when the hearing is held; be prepared to make your
arguments convincing.

C-37



GLOSSARY

acid: a compound that, when dissolved in water, can react with bases orcan react with and dissolve some
metals and other materials; turns blue litmus paper red; an aqueous solution having a pH of less than
7.0.

acid rain (acid precipitation): rain or snow having a pH less than the normal 5.6; rain or snow containing
sulfuric and/or nitric acids formed by the reaction of atmospheric moisture with suifur and/or nitrogen
oxides originating in emissions from fossil fuel-burning power plants, industries, vehicles, etc. (or from
natural sources such as volcanoes).

anthracite: the hardest, most carbon-rich, cleanest-burning, least abundant type of coal; product of
metamorphosis of earlier coal beds; found in the U.S. only in isolated areas of the Appalachian
Mountain chain.

bedrock: the solid rock underlying the soil, rocks, and other loose material on the earth's surface; the
parent material from which soil is weathered (produced).

bituminous coal: a soft, dark coal with high carbon content and little moisture; the most abundant high
heat value coal; the coal most often used in power plants.

boiler: the structure in a coal-burning power plant in which steam, to turn the turbines, is generated.

buffer: a material which neutralizes an acid or base when added to it or coming into contact with it.

calorie: a unit of heat energy equal to the amount of heat energy required to raise the temperature of Ig
(1cm 3) of liquid water 10C at 1 atmosphere pressure.

calorimeter: a device used to measure the flow of heat energy.

Carboniferous PerIod: a division of geologic time occurring during the late Paleozoic Era approximately
280-345 million years ago; the so-called "Coal Age" because conditions during this time period
resulted in the formation of coal; in North America, this period is usually referred to as the
Pennsylvanian and Mississippian Periods because of rock formations in the U.S.

coal: a major fuel resource composed chiefly of hydrocarbons from the remains of ancient plants; acarbon-rich sedimentary rock mined for its value as a fuel.

continuous minIng machine: a machine used in underground coal mining to cut coal from the coal seam
and simultaneously load it for transport out of the mine.

electricity: electric current used as a source of power; a stream of electrons moving along a circuit.

electrostatic precipitator: a pollution control device employed by coal-burning power plants; uses anelectric field and charged collector plates to trap particulate pollutants (e.g., fly ash), thus reducing
emissions.

emissions: the pollutants discharged from a source (e.g., a coal-fired power plant) into the environment;
the carbon dioxide, water, sulfur and nitrogen oxides, and particulates (and other minor products)
resulting from the burning of coal.
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erosion: the picking up and moving of earth materials (e.g., soil) by a mobile agent like wind or water.

fly ash: tiny particles of noncombustible material emitted during the burning of coal; particulates small
enough to be emitted along with gaseous emissions; captured in coal-burning power plants by
pollution control devices called electrostatic precipitators.

fossil fuel: a hydrocarbon fuel formed from the remains of ancient plants and animals; petroleum, natural
gas, and/or coal.

fuel mix: the relative proportions of the different sources or fuels from which energy (e.g., electricity) is
obtained.

geologic time: the history of the earth's geologic development as devised by scientists studying the
composition and features of the earth's rocks.

geophysical processes: the physical (as opposed to biological) processes by which earth materials
are changed; for example, weathering, deposition and erosion, and metamorphosis.

generator: a machine by which mechanical energy is converted into electrical energy.

granite: any of a number of common, coarse-grained igneous rocks (formed from the crystallization of
magma [molten rock]) composed largely of silica-rich materials; often produced by mountain-forming
processes.

groundwater: water stored in the porous spaces of rock and soil underground; the source of drinking
water for over half the people of the U.S.

kilowatthour (kWh): the use of 1,000 watts of electricity for a period of one hour; a common measure
of electrical energy usage.

kinetic energy: the energy of a moving body that is a result of its motion, as opposed to the potential
energy of a body as a result of its position.

lignite: a soft, brown coal having the most moisture and least fuel value of the four types of coal.

limestone: a common sedimentary rock, composed chiefly of calcite; most often formed by accumulation

of the shells and other hard body parts of aquatic organisms.

metamorphic rock: rock that has been transformed from its pre-existing state to another state by heat,

pressure, and/or chemically active fluids.

mine spoils: the left-over soil and rock materials (overburden) removed from a coal mine; this loose,

mixed material is highly susceptible to erosion if the mine is not properly reclaimed (see reclamation).

neutralize: to react with an acid or base to produce a neutral (or at least, a less acidic or basic) solution.

nitrogen oxide (NO): one of the emissions from fossil-fuel burning industries and vehicles; NO reacts
with sunlight and oxygen to form NO2, which then reacts with atmospheric water vapor to form nitric
acid (HNO3); nitric acid is one of the acids found in acid rain (although generally a lesser contributor
than sulfuric acid).

nonrenewable resource: a resource that cannot be replaced or regrown once it is consumed.
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originalcontour: the slope or lay of the land surface before surface mining was done; restoration of theapproximate original contour is one of the basic requirements of surface mining reclamation0 ~ ~~~~regulations.

orphan mines: surface mines (coal and other resources) that were abandoned and left unreclaimed
before laws required miners to reclaim mined land.

overburden: the earth materials overlying a deposit of a mineral or fuel to be mined; the material thatmust be removed in order to obtain the resource (see mine spoils).

peat: the precursor of coal; partially carbonized plant matter formed in ancient bogs and swamps; usedas a low heat-value fuel when cut out in blocks and dried.

pH: a numerical value indicating a substance's relative acidity or alkalinity on a scale of 0 to 14, where7.0 is neutral; values less than 7.0 indicate acidity and values greater than 7.0 indicate alkalinity.

prime farmland: the best land for farming; flat or gently rolling land with little or no soil erosion, good soilquality, adequate moisture, and the least input of fuel, fertilizer, and labor required for maximum
production.

pyritic material: earth material containing pyrite (a mineral composed of iron disulfide) and commonlyoccurring in the overburden removed from Tennessee Valley region surface mines; produces acidictoxins when exposed to air and water by mining.

radiometric dating: estimating the age of specimens (e.g., rocks or artifacts) by measuring theradioactivity of certain naturally occurring radioactive isotopes; compare relative dating.

reclamation: the process of restoring mined land to a productive state.

relative dating: placing rocks, structures, or artifacts in the correct order or sequence to determine thechronological order of the events associated with them; compare radiometric dating.

renewable resource: a resource that can be replaced or regrown or that is not consumed when it is used;for example, solar energy is constantly being supplied to the earth by the sun.

reserves: identified deposits of a fuel or mineral that are profitably recoverable under present economicconditions and with present technologies, and that are likely to be so in the near future; a subclassof resources.

resources: (when applied to the amounts of given resources) the amounts of a fuel or mineral, eitherknown or believed to exist, that may be economically recoverable, either now or in the future;estimates are highly speculative.

scrubber: a pollution control device employed by coal-burning industries; uses a mist of lime-treatedwater to remove sulfur dioxide from emissions.

sedimentary rock: rock formed from the weathered products of pre-existing rocks (or other materials)that have been transported, deposited, and gradually cemented and/or compacted; usually thematerials have settled out of bodies of water.

short ton: 2,000 pounds (as opposed to a metric ton, which has a mass of 1,000 kilograms).

strip mine: see surface mine.
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subbituminous coal: a soft, dark coal ranked between lignite and bituminous coal.

sulfur oxides: sulfur dioxide (SO2) is produced when fossil fuels containing pyritic material are burned

and is emitted primarily by coal-burning power plants; SO2 is oxidized to SO, (sulfur trioxide) at-
mospherically; sulfuric acid (H2So,) is produced when SO3 reacts with water; sulfuric acid is the chief

acidic comporent of acid rain.

surface mine: a mine from which a resource lying near the land surface is extracted by removing the

overlying soil and rock materials; also called strip mine.

Surface Mining Control and Reclamation Act (1977): Federal law regulating surface mining and
requiring reclamation of surface mined lands.

topsoil: the uppermost layer of soil; the aerated, organic materials-containing layer in which plants can

grow.

turbIne: a device in which a bladed wheel is turned by the force of failing water orjets of steam and which

is connected by a shaft to a generator.

underground mine: a mine from which a resource lying far below the surface is extracted; a tunnel must
be dug from the surface to the coal seam.
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*s NUCLEAR ENERGY

Throughout history, few single events have materially altered the course of civilization, but one event that
did just that was the completion and successful operation of the first nuclear reactor. That event, which
took place on December 2, 1942, has been compared to the invention of the automobile in its impact on
the future and its significance for social change.

Since 1942, vast amounts of research have gone into the development of nuclear energy, providing the
potential for enormous amounts of electricity. During the mid-1970s, the Tennessee Valley Authority
(TVA) was planning to build and use nuclear power plants as a major source of electricity. TVA's first
nuclear plant, Browns Ferry, located in northern Alabama, has three units (nuclear reactors), the first of
which came online-started producing power-in 1974. Sequoyah Nuclear Power Plant, which has two
units and is located near Chattanooga, Tennessee, first produced power in 1981. However, the rapid rise
in the costs of energy and construction, a decrease in the consumption of energy, and numerous technical
problems caused TVA to cancel several nuclear plants in the planning or construction stages. At the
present time, construction is proceeding on only one nuclear plant, Watts Bar, located midway between
Knoxville and Chattanooga. It has two units and is on delayed status. TVA produced no electricity from
nuclear power during 1986, 1987, and part of 1988, as there were no TVA nuclear plants online during
that time due to a variety of technical and management problems. Presently, TVA nuclear reactors are
performing well.

There are three ways to use nuclear reactions-changes occurring in the nuclei of atoms-to produce
power from which electricity can be generated. In each method, a nuclear reaction must be started,
maintained, controlled, and contained so that the huge amount of heat energy released during the nuclear
reaction can be used safely to produce steam (by which electricity can be generated).

The only method currently being used commercially is conventional nuclear fission. (This method is the
focus of the information and learning activities in this book.) Conventional nuclear fission reactors use
energy released during the splitting-fission-of the nuclei of atoms of uranium-235, an extremely rare
isotope of the element uranium.

Another kind of nuclear fission reactor is being used experimentally-the breeder reactor. A breeder
reactor uses the more common uranium-238 isotope and a small amount of plutonium-239 (used in
nuclear weapons; made by the bombardment of U-238 by neutrons in a conventional fission reactor). In
the breeder process, the fission of Pu-239 creates more Pu-239 from the U-238; not only is heat energy
produced from which electricity is generated, but the Pu-239 produced is a nuclearfuel itself-hence the
name "breeder" reactor. There is presently relatively little research and development in breeder reactor
technology being conducted in the United States. Two of the reasons for this are its very high cost and
concern over the possibility that producing more Pu-239 could lead to a proliferation of nuclear weapons.

The third nuclear reactor technology for energy production is still in the theoretical and experimental
stages of its development. Nuclear fusion-the opposite of fission-takes place when the nuclei of light
atoms are combined (fused) to form heavier nuclei. The process of nuclear fusion releases huge amou nts
of energy: it is the process that fuels the sun and other stars. Fusion reactions take place in the plasma
state of matter, i.e., at extremely high temperatures. The only fusion reaction being studied seriously is
deuterium-tritiumfusion, a reaction in which two isotopes of hydrogen (H-2 and H-3 respectively) are fused
to form helium, afree neutron, and energy. The reaction takes place at about 100 million degrees Celsius
and the only promising approach to containing plasma at these temperatures is using a very powerful
electromagnetic force field inside a vacuum. This requires a tremendous energy input; so far, researchers
have not been able to achieve a state in which fusion reactors yield more energy than they require.
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The fuel needed for a conventional nuclear reactor is uranium. Because uranium is a finite mineral
resource, nuclear energy, as it is used today, is a nonrenewable source of energy. Deposits of uranium
ore are located in the western United States, with known reserves of approximately 894,000 tons. On the
average, one ton of ore contains four pounds of uranium, but of that four pounds only 0.7 percent (about
0.5 ounce) isthefissionable U-235 isotope. The fuel cycle beginswith the mining of ore,followed by milling
of the usable ore, and the most difficult step, enrichment of the uranium in a process called gaseous
diffusion. The enriched uranium is sent to a fabrication plant and pressed into pellets about 3/8-inch in
diameter and 1/2-inch long. The pellets are then inserted end-to-end into 12-foot-long metal tubes called
fuel rods. After being bound together in fuel assemblies consisting of hundreds of rods each, they are
sent to the power plants. About 200 fuel assemblies are needed for each reactor and one-fourth to one-
third of them are replaced each year. Spent fuel (used fuel rod assemblies) is classified as high-level
radioactive waste. It is presently being stored at the nuclear plants, awaiting the Federal government's
decision on long-term storage.

Heat energy is released from U-235 during the fission reaction. In a Boiling Water Reactor, steam
produced from heat released by controlled fission is used directly to drive turbines. In a Pressurized Water
Reactor, heat is transferred from a primary loop to a heat exchanger, and steam generated in the
secondary loop drives the turbines. The rotating turbines cause rotor coils to spin as stator coils remain
stationary in the generators, producing alternating electric current. The electricity is sent through
transformers and distributed over power lines to homes, businesses, and industries.

A major cost of nuclear energy is incurred during the construction phase, and since 1976 the cost of
building a nuclear power plant has nearly tripled. The reasons behind this escalation of capital cost are
varied. First, the length of construction time has increased to 10 years or more as a result of changes in
safety and environmental standards. Longer construction time means additional capital costs. In
addition, the cost of materials, labor, and components, as well as the interest rates on borrowed money,
have increased. In calculating the true cost, capital expenditures, fuel, operation, maintenance, and
interest on borrowed money are all considered. In 1985, TVA's generating cost for nuclear energy was

2.447 cents per kilowatthour as compared to 0.254 cents per kilowatthour for hydroelectricity and 2.172
cents per kilowatthour for coal-produced electricity. (In 1984, the generating costs of nuclear-generated
electricity were lower than those for coal-produced power.)

Harnessing any energy for use by manmade systems has environmental effects. A major concern
regarding nuclear power is radiation, from eitherthe plant or the handling of radioactive wastes. Although
nuclear power plants release small amounts of radiation into the atmosphere, the amounts are much less
than natural background radiation. Low-level radioactive waste is sealed in steel containers and shipped
to licensed disposal sites. High-level radioactive waste, primarily spent fuel, is presently stored onsite.
Another concern is thermal pollution of the large amounts of water required for cooling a nuclear plant.
The release of excessive heat into a river can cause serious damage to aquatic life. Therefore,
excessively heated water is sent first to cooling ponds or cooling towers in order to release the heat to the
atmosphere through evaporation.

Nuclear power is an important resource in the Tennessee Valley. As is true of every energy resource,
there are advantages and disadvantages in the production and use of nuclear power to meet the needs
of consumers. These trade-offs must be balanced to make sure that ecological systems are disturbed
as little as possible. A continuous research process seeks to place as many safeguards on these man-
made systems as are necessary. The manmade environment has an impact on the natural environment,
but knowledge and skills are being developed to lessen that impact. An informed and aware citizenry plays
one of the most important roles in monitoring this manmade environment.
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A SIGN OF THE TIMES

OBJECTIVES SUBJECTS:
Physics, Physical Science,

The student will understand: English, Social Studies

1. The need for a communication system TIME:
valid for 10,000 years. 1 class period

2. That changes occur in languages overtime. MATERIALS:
student sheets (included)

3. The difficulty of developing an effective
means of communicating an idea.

BACKGROUND INFORMATION

Already, nuclear power plants are being decommissioned, that is, retired. When these plants are decom-
missioned, they may be dismantled and the highly radioactive parts buried or they may be covered in
concrete. Highly radioactive nuclear waste is planned to be stored in deep underground repositories.
Presently, it is being stored onsite (at the nuclear power plants).

Radioactive materials must be prevented from coming in contact with the general public for many, many
years. Thousands of years from now, people may have solved the problem of nuclear waste disposal,
or people may not even be able to read! Therefore, it is imperative that a satisfactory method of identifying
the hazards of nuclear waste that is independent of written or spoken language be developed. Symbol
language seems to be the answer, but what symbol should we use?

PROCEDURE

I. This activity is an open-ended activity that helps students develop their communication skills. The
provided worksheets will give students experience with the difficulty of interpreting symbols and
identifying intelligible patterns from random samples. Give each student a copy of the student
sheet(s) you select.

A. Have the students provide awritten definition of each word. The words are defined in the glossary.

B. Have the students find the hidden words on the sheets. NOTE: Each of the tive student
worksheets uses the same list of words to search out, but the locations of the words are different
on each worksheet. Puzzles #1 and 2 are more difficult than the other three.

II. Students may be divided into small groups in order to develop ideas on tow to communicate
information to persons living 10,000 years in the future. Allow the students to brainstorm tor 30
minutes; then have a representative of each group present the ideas.

Ill. Continue with the follow-up below.
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FOLLOW-UP

I. Develop a set of criteria for selecting the most effective communication method presented.

II. Have a class contest and identity winning ideas.

Ill. Examine and discuss examples of special communication efforts such asthose developed for NASA.
(The class may choose to send their suggestions to the U.S. Department of Energy; they are working
on this problem, too.)

IV. Extension: Investigate the diversity and origins of languages and their symbols.
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NUCLEAR PURSUIT QUESTIONS

PhysIcs Category

1. As a nucleus splits, it releases energy largely in what form? (heat)

2. What is the fuel most often used in nuclear power reactors? (U-235)

3. What is the heaviest naturally-occurring element? (Uranium)

4. What is the only type of nuclear reaction that is controlled by people to produce energy? (fission)

5. What is the more abundant isotope of uranium (that is not fissionable)? (U-238)

6. How many protons are in uranium atoms? (92)

7. Two protons and two neutrons combine to form what type of nuclear radiation? (alpha particles)

8. What is produced in the nucleus when a beta particle is emitted? (proton)

9. Which type of radioactivity is in the form of electromagnetic radiation? (gamma rays)

10. What particle is used to split an atom in a nuclear reactor? (neutron)

11. Which naturally-occurring element is the easiest to split? (uranium)

12. What is the purpose of a moderator in a nuclear reactor? (slow down neutrons so that more of themstrike nuclei)

13. Name a common uranium ore in which both U-235 and U-238 occur. (carnotite or pitchblende)
14. Name an element that is commonly used in control rods. (boron or cadmium)

15. Which type of radioactivity has the most energy? (gamma rays)

16. Are most nuclear power plants Iightwater reactors or heavywater reactors? (lightwater reactors)

17. What is the name of the black powder used to make the pellets used in most fuel rods? (uraniumdioxide)

18. What is the amount of fuel needed to sustain a chain reaction called? (critical mass)

19. Warm wastewater from a nuclear reactor can cause what type of pollution? (thermal pollution)

20. What is the name given to the process of rapidly inserting control rods into the core to shut down areactor during an emergency? (scramming)
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Student Sheet

NUCLEAR PURSUIT FACTSHEET

o December 2, 1942, under a football stadium in Chicago, Illinois, a group of scientists led by Enrico

Fermi produced the first sustained nuclear chain reaction.

o England was the first country to operate a nuclear power plant. Not until 1957 did the U.S. put a

nuclear power plant into operation (in Pennsylvania).

o To date, there are approximately 400 nuclear reactor units in operation worldwide, with I 1 0 of those

located in the U.S.

o Several of the scientists associated with nuclear science are listed below:

Becquerel: discovered radioactivity

Rutherford: discovered the nucleus of the atom

Chadwick: discovered the neutron

Hahn/Strassman: German scientists who actually split the first uranium atom

Meitner/Frisch: Austrian physicists who first described nuclear fission

the Curies: discovered radium

Einsteij: in 1905, proposed the equivalence of mass and energy, E = mc2

JLrn: discovered deuterium

fe£rau: led the team of U.S. scientists who produced the first chain reaction (Fermi escaped Italy

during World War II by not returning from the trip on which he accepted the Nobel Prize.)

o The U.S. is the leading nuclear power-producing country. Private utility companies own most of these

nuclear power plants. The Tennessee Valley Authority has five nuclear reactor units.

o In 1985, the most recent year of normal levels of nuclear power generation, the Tennessee Valley

Authority's nuclear power program produced 17,704 million kWh of electricity, or approximately 17

percent of the total power production in the Valley. (Two percent of TVA's 1988 electricity came from

its newly restarted nuclear power plants.)

o A main use of nuclear power is the production of electricity.

o Nuclear energy is a highly controversial energy source. The Nuclear Regulatory Commission (NRC),

a Federal agency, regulates all power plants in the U.S. Major concerns about nuclear energy are

the release of small amounts of radioactive gas into the atmosphere and the radioactive waste

produced by nuclear power. Another concern is thermal pollution; heated waterfrom nuclear plants,

released back into rivers and streams, can cause damage to aquatic life.

o Nuclear energy's fuel costs are less than those for coal or oil. Major financial costs are construction,

capital, and operational costs.
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Student Sheet

NUCLEAR PURSUIT FACTSHEET
(continued)

o Uranium, a nonrenewable resource, is the elementthat providesthefuel for nuclear power. Less than
one percent of natural uranium is fissionable.

o There are approximately 894,000 tons of known reserves of uranium located in the Western U.S.

o Uranium-235, the fissionable isotope of uranium, is bombarded by neutrons to cause the atomic
nucleus to split, releasing a tremendous amount of energy. This process is called fission. Only the
enriched U-235 is fissionable, not the more abundant U-238.

o A moderator, usually water or graphite, is used to slow the fast-moving neutrons down. Control rods
made of boron or cadmium are used to absorb the neutrons. Control rods can be inserted rapidly to
shut down a reactor through a process called scramming.

o Most nuclear reactors are lightwater reactors (LWR). Two types of LWR that are used in the
Tennessee Valley are Pressurized Water Reactors (PWR) and Boiling Water Reactors (BWR).

o Atoms are made upof protons, neutrons, and electrons. In U-235, there are 92 protons, 143 neutrons,
and 92 electrons in each atom.

o Three types of radiation are released from radioactive elements: alpha, beta, and gamma. When a
beta particle is emitted from a nucleus, a proton is produced. Two protons and two neutrons form an
alpha particle. Gamma rays contain the most energy.

o The quantity of fuel needed to sustain a chain reaction is called critical mass.

o In some cases, the shorter the half-life of a radioactive substance, the higher the reading on a Geiger
counter (i.e., higher levels of radiation are given off).

o When a heavy element such as uranium undergoes fission, the total mass of its fission products is
less than the original mass.

o Through the process of radioactive decay, one element changes into another element.

o The number of protons and neutrons in an atom is the mass number of an atom.

o "Beta particle" is another name for an electron.

o Atoms that have the same number of protons but different numbers of neutrons are called isotopes.

o "Alpha particle" is another name for a helium nucleus.

o Half-life is the length of time du ring which half the atoms in a sample of radioactive material will decay.
Carbon-1 4 has a half-life of 6,000 years. One gram of carbon-14 would be reduced to 1/2 gram of
radioactive material after 6,000 years.
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WHAT IS RADIATION?

OBJECTIVES SUBJECTS:
Physical Science, Biology, Physics,

The student will do the following: Earth Science

1. Define the three types of radiation. TIME:
1 class period

2. Observe types of natural radiation.
MATERIALS:

3. Compute his/her personal radiation dose. (for each group of 2-4 students) small
transparent container with lid,
flat black paint, blotter paper, card-
board, rubbing alcohol, radioactive
source (e.g., a lantern mantle), mask-
ing tape, dry ice, styrofoam square,
flashlight, student sheet (included)

BACKGROUND INFORMATION

The earth has always been radioactive. Everyone and everything that has ever lived has been exposed
to radiation. Radiation is energy in the form of particles or rays given off by atoms as they change from
an unstable state to a stable state. Some radioactive atoms exist naturally; others are made artificially.
During a normal lifetime, a human body may have within it more than 200 billion radioactive atoms. For
example, about half of this natural radioactivity is potassium-40. Potassium-40 makes up only 1/10 of 1
percent of all the body's potassium. Potassium is extremely important to brain and muscle function.

Radiation, both naturally-occurring and manmade, is frequently measured in units called reis. A
roentgen equivalent in man (rem), the energy absorbed per gram of tissue, is a unit of radiation exposure.
Radioactive elements release three main types of energy-alpha and beta particles and gamma rays.
Alpha radiation consists of positively charged particles traveling at roughly 10,000 miles per second. It
is the least penetrating type of radiation and can be stopped by paper. Beta radiation is made up of
electrons traveling at speeds of 100,000 miles per second. Beta particles can be stopped easily by a thin
sheet of aluminum. The third type, gamma radiation, consists of waves of energy traveling at the speed
of light. Gamma radiation is the most penetrating, and at least a foot of concrete is needed to stop the
rays.
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Americanstypically receive 1 O to 200 millirems of radiation peryear. In addition to background radiation,
there is radiation exposure from X-rays, medical tests, nuclear and coal-fired power plants, smoke
detectors, and color televisions, to name afew sources. Although no observable effects have ever been
attributed to exposures below 50,000 millirems evenly distributed over a year's time, the government has
established a limit of 500 millirems of radiation per year, not counting natural background radiation and
radiation from medical testing.

Note To Teacher: Low-level radioactive sources may be obtained from scientific supply companies if
necessary. Dry ice may be obtained from cold storage facilities or university laboratories or by using a
CO2fire extinguisher (hold the discharge opening near the floor and release the gas). Caution should
be exercised in using dry ice.

PROCEDURE

I. Divide the students into teams of two to four students each. Have each team build a simple cloud
chamber, followingthe directions below. Explainthatwhile radiation cannot be seen, acloud chamber
allows the tracks it leaves in a dense gas to be seen.

A. Paint the bottom of the transparent container with flat black paint and let it dry.

B. Cut the blotter paper into a strip as wide as the height of the container. Cut two windows in the
strip and place the strip around the inside of the container.

C. Saturate the blotter paper in the chamberwith alcohol; pour enough alcohol into the container to
cover the bottom. (The blotter paper will absorb most of it.)

D. Place the lantern mantle or other low-level radiation source in the container and seal the lid with
tape.

E. Place the container on the dry ice for about five minutes to super-chill it. Darken the roorm. Shine
the flashlight through the windows in the chamber while looking through the lid. Faint puffs and
trails should be visible around the mantle. These are the footprints of radiation as it travels through
the alcohol vapor. The vapor condenses as the radiation passes through. This is much like the
vapor trail left by jets.

TRANSPARENT CONTAINER

TPE

BLOTTING PAPER

WINDOW

LOW LEVEL SOURCE

BOTTOM PAINTED BLACK

CARDBOARD

DRY ICE
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II. Continue with the follow-up below.

FOLLOW-UP

I. Have the students try to identify these "footprints" using the following guidelines:

Alpha particles make sharp tracks about one centimeter long.
Beta particles make thin tracks from three to ten centimeters long.
Gamma rays leave faint twisting and spiraling tracks.

II. Have each student complete the sudent sheet (included) on which he/she computes his/her personalradiation dose.

A. Are some doses higher than those computed by other class members? Why?

B. How much lower is each student radiation dose than the limit set by the government?

Ill. Extension: Invite qualified resource persons to discuss radiation doses and their possible effectson human health.
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Student Sheet

Compute Your Own Radiation Dose

We live in a radioactive world. Radiation is all about us and is part of our natural environment. By filling
out this form, you will get an idea of the amount of radiation to which you are exposed every year. The
average American is typically exposed to about 148 millirems in a year's time.

Yearly exposure in millirems

Cosmic radiation that reaches the earth: 44

Add 1 for every 100 feet of elevation above sea level:
Pittsburgh is at 1200 feet, so add 12.
Denver is at 5300 feet, so add 53.
Atlanta is at 1050 feet, so add 10.
Chicago is at 600 feet, so add 6.
Coastal cities are at sea level, so add 0.

If your house is...
brick, add 45.
stone, add 50.
wood, add 35.
concrete, add 45.

Ground radiation (U.S. average) 15

Water, food, and air radiation (U.S. average) 25

Nuclear weapons testing fallout 4

If you've had a chest x-ray this year, add
9 for each one:

If you've had intestinal x-rays, add 210:

For each 1500 miles you've flown in a jet
airplane during the year, add 1:

If you watch color TV, add 0.15 for each
hour of average daily use:

If you live about a mile from a nuclear power
plant, add 0.02 for each hour you are
typically home during the day:

If you live over 5 miles from a nuclear
plant add 0:

TOTAL:
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THE INVERSE SQUARE LAW

OBJECTIVES SUBJECTS:
Physics, Physical Science,

The student will do the following: Earth Science, Mathematics

1. Observe the distribution of energy TIME:
over different distances from an 1 class period for each
energy source. of three separate activities

2. Construct a model representing MATERIALS:
energy distribution based on Activity #1: scissors, student
experimental data. sheets (included),

Activity #2: can of spray
3. Make predictions regarding energy paint, ruler, paper (4 sheets),

intensity using the inverse square law. student sheet (included),
Activity #3: Geiger counter,
radioactive sample, ruler,
graph paper, student sheet
(included)

BACKGROUND INFORMATION

The inverse square law describes what happens as energy is radiated from a source. Gravity, light and
other electromagnetic radiations, magnetism, sound, and electrostatic forces, as well as nuclear
radiation, follow the inverse square law-

The inverse square law slates that the intensity of energy radiation at some distance from a source will
be inversely proportional to the square of the distance from the source. This means that the intensity of
the energy decreases as the distance from the source increases. In fact, the intensity will decrease faster
than the distance is increasing.

We can say that the intensity is inversely proportional to the square of the distance: I-s2, where I is
intensity of energy and S2 is distance from the source squared.

We can convert the proportion to an equation by substituting a constant of proportionality: I = k/s2, where
k is a constant.

PROCEDURE

Each of the three activities can be used alone to illustrate the inverse square law, or all can be used to
"work up" to the application of the inverse square law to nuclear radiation.

I. Discuss or review the definition and formula of the inverse square law.

II. Each activity has its own set of student instructions and list of materials. Before beginning the activity,
give the students all required materials. Tell them to read through each set of instructions before
beginning the activity.
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Ill. As each activity is completed, follow with the discussion given below.

IV. If all three activities are used, the follow-up may be used as an extended discussion or as a quiz.

DISCUSSION: ACTIVITY #1

In this example, suppose there is a source of energy at zero. The first square is 1 inch from the source
where it is exposed to all the energy between the two diagonal lines. As the distance increases to 2 inches,
the energy is spread out overfour squares. But the X square receives only one-fourth of the energy. The
energy received by the X square is equal to u/s2, where s is the distance from the source.

At a distance of 4 inchesfromthe source,the energy is spread out over 16 squares. The X square receives
only one-sixteenth of the energy. The same is true at 7 inches where there are 49 squares and the X
square receives only one-forty-ninth of the energy.

In this activity, it was found that the area of the small square represents 1/s2 of the large area, where s
isthe distancefromthe source. Now, assurmethatthe source is a source of radiation, andthe small square
represents the area of a human body. Remember that the radiation spreads out as it moves away from
the source. As it spreads out, less of the radiation strikes the body.

At one unit of distance, the body will be exposed to a certain amount of radiation energy. At two distance
units, the body, represented by the X square, intercepts only one-fourth the radiation energy since the
radiation is spread out (even though the area of the body remains constant). Likewise, at four distance
units, the body intercepts only one-sixteenth of the radiation energy. The energy is spread out over an
area that is 16 times greater than at one distance unit. At seven distance units, the body is exposed to
only one-forty-ninth of the radiation.

What would happen at a distance of 10 units? The area of a human body would only be ? of the
total area and a person would be exposed to only ? of the radiation energy. At a distance of
100 units from the source exposure would be only I? of the total amount of energy.

The inverse square law dictates that exposure to radiation clcreases more rapidly than the distance from
the source increases . In other words, the farther one is away from a source of radiation, the safer one
is,

DISCUSSION: ACTIVITY #2

Notice that the product (last row on data table) is a constant (or is nearly a constant). That is because
the inverse square law, which says that the intensity of radiated energy is inversely proportional to the
square of the distance from the energy source, can be written as I k/s2, where I = intensity of energy;
k = a constant; and S2 = distance from the source squared.

The equation can be rearranged to solve for k: k = I x s2, which says that k, the constant, is equal to the
product of the intensitytimesthe distance squared,justwhatwe have atihe bottom of the datatable. Since
k is a constant, it does not change (very much) from one data point to the next. An analogy can be drawn
between the point and nuclear radiation. The farther one is from the source of the radiation, the less the
intensity of the radiation will be because it is spread out over a greater area.
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DISCUSSION: ACTIVITY #3

Draw a graph of the relationship between corrected counts and 1/$2. Put the corrected counts on the
vertical axis and 1/s2 on the horizontal axis. Plot each point and draw a straight line so that it is closest
to each of the points. (It may not touch any or all of the points.) Determine the slope of the line.

Here, itisgraphicallyillustrated thatthe intensity of nuclear radiation is inversely proportional to the square
of the distance between the source and the Geiger counter tube.

FOLLOW-UP

i. Restate the inverse square law in your own words.

The inverse square law describes the way energy spreads out from a source. It says that the intensity
of the energy is inversely proportional to the square of the distance from the source.

II. State the inverse square law with a mathematical formula.

I = k's2, where I = intensity; k = constant; s = distance.

Ill. Suppose that a radiation detector indicates an intensity of 100.0 radiation units at a distance of 1.00

meter from a radiation source. What will be the reading at 5.00 meters? At 50.0 meters?

A. 4.00 radiation units
B. 0.0400 radiation units

IV. Suppose that the radiation detector detects radiation with an intensity of 0.250 radiation units from
the source above. How far away from the source is the detector?

20.0 meters

V. Which is the stronger radiation source, one that produces an intensity of 8.33 units at 3.00 meters or
one that produces an energy intensity of 0.500 units at a distance of 15.0 meters?

The source that produced the 0.500 units at 15 meters is stronger.

VI. How should one's concern about the threat of exposure to radiation be aff ected by the inverse square
law?

One most definitely should be concerned about radiation hazards; however, understanding the
inverse square law provides the knowledge that radiation becomes less of a threat the farther one is
away from the source.
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Student Sheet
INVERSE SOUARE LAW

Activity #1

InstructIons

1. Orient the paper (Figure 1) with the word 'lop" at the top.

2. Notice the four square areas.

3. Cut along the top line, the right side, and the bottom, but not along the left side. When the three sides
of each of the four areas have been cut, fold the areas up so that they are perpendicular to the paper.
Refer to Figure 2.

4. Fill in the data table using information obtained from Figure 1.

Distance 1 in. 2 in. 4 in. 7 in.

Number of squares
in each grid

Fraction that 1 square 1/ 1/ 1/ 1/
is of total squares

Notice anything interesting?

(Hint: Look at the distance in inches and the number of squares in each grid.)

(Discard)

Cut along indicated lines and fold up (Discard)

FIGURE 2
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Student Sheet

INVERSE SQUARE LAW
Activity #2

Instructions

1. Place a piece of paper on the ground. Decide on a "unit" distance, say 2 cm. Hold the spray can,

without moving it, at that distance and give the piece of paper a shot of paint. Now move to another

sheet of paper and hold the spray can at a distance of two "units" (e.g., 4 cm if you used 2 cm the first

time) and spray again. Notice that it takes a little longer to get the same coverage as the first time.

Repeat at three "units" and four "units." Record each distance from the paper in the table below.

2. Allow the paint to dry enough to make a measurement of the diameter of each circle of paint. Be sure

to include all the drops of paint.

3. Record the diameters.

4. Use the following formula to calculate the area of the circle:

Area = yr r2, where iT = 3.14 and r = one half of the diameter of the circle of paint.

Record areas.

5. Complete the table by recording the area ratios and then calculating the products of the ratios times

the squares of the distances.

Circle #: 1 2 3 4

Distance from nozzle
to paper

Diameter of circle

Area of circle

Ratio of smallest area
(#1) to each area

Product of ratio times
distance squared
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Student Sheet

INVERSE SQUARE LAW
Activity #3

Instructions

1. Turn on the Geiger counter and let it warm up. Background radition is represented by the random
clicks that indicate cosmic rays from space and local natural radiation triggering the Geiger counter.
Measure the background radiation by counting the number of clicks within a certain amount of time.
Take several measurements and determine an average.(For those familiar with nuclear counting, the
resolving time of the Geiger counter is ignored in this experiment.) Record the background count
across the table below.

2. Position the radioactive source at the shortest distance to the Geiger counter tube that will produce
a measurable number of clicks within a given amount of time. This is the "unit" distance. Record the
number of clicks at this distance.

3. Now move the Geiger tube to two times the "unit" distance and again record the number of clicks.
Repeat this for three and four times the "unit" distance. Record the data.

4. Complete the data table by correcting the radiation counts and calculating the ratios of corrected
counts to the inverses of the squared distances.

Radiation Count
Position #: 1 2 3 4

Distance (s) from
tube to sample

Distance squared
(s

2
)

Background radiation

Total nu mber of counts

Corrected counts
(subtract background
from total)

Ratio of corrected
counts to 1/s2
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RADIOACTIVE DECAY

OBJECTIVES SUBJECTS:
General Science, Biology,

The student will simulate radioactive decay, doing Chemistry
the following:

TIME:
1. Identify all "decay" products. 1 class period

2. Graph data collected from experimental MATERIALS:
trials. (for each group of students)

100 small objects such as dry corn
3. Make predictions about a different or pennies, shoe box, student sheet

half-life. (included)

BACKGROUND INFORMATION

Radioactive minerals from the earth help geologists estimate the ages of the earth, the remains of plants
and animals, and various artifacts. How are these estimates made? Geologic time clocks depend on
chemical elements that change by radioactive decay. These "clocks" can be used to measure millions
of years backward in time.

One method used to date objects from early human history uses the decay of radioactive carbon-i4. For
example, the carbon-14 dating method dates the Dead Sea Scrolls as being approximately 2,000 years
old.

PROCEDURE

i. Dividethe class into groups of four students. Give each student a copy of the student sheet (included).
Each group will use a shoe box and 100 small objects to simulate radioactive decay, following these
directions:

A. Draw a line down the middle of the shoe box, mark one side with a "D," and place the small objects
in the shoe box.

B. Designate some period of time (hours, days, months, or years). Each shake of the box will
constitute the passing of that period of time. The objects represent atoms of the parent element.
Those which end up on the "D" side of the box (after shaking) are to be considered daughter
elements-those atoms that have decayed. Shake the box five to ten times. Record the amount
of time the shakes represent.

C. Set the box down and remove all of the "atoms" which have decayed. Count them and determine
how many parent isotopes remain. Record the number on the data table.

D. Repeat this procedure at least four more times, or until there are no more parent isotopes. Record
each procedure on the data table.
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II. Havethe students plot agraph of the decay: Labelthe y-axis "numberof parents remain!ng," and label

the x-axis "number of years (or other units)" (e.g., 5 shakes = 1.000 years). Plot the information

gathered in the steps in which the box was shaken and daughter elements counted.

Ill. From the graph, determine the following.

A. The half-life of the "isotope": Find the point on the graph where halt the objects remain. Then
draw a vertical line down from that point to the x-axis (time scale).

B. Optional: Repeat the entire experiment but this time divide the box into three parts and label the
two sides of the box with an D. Again plot the data on the graph. What do these two sets of results
mean?

IV. Continue with the follow-up below.

FOLLOW-UP

I. For what purposes do scientists make use of radioactive time clocks?

II. What are some common uses of radioisotopes? What kind of radiation is emitted by each?

Ill. Discuss some problems presented by the long half-lives of some radioactive substances.

IV. Discuss the importance of half-life to nuclear waste management.

RESOURCE

Bioque, Pratt, and Thompson. Earth Science: Patterns in Our Environment. Englewood Cliffs, N.J.:
Prentice-Hall, Inc., 1975.
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Student Sheet

* Data Table

TIME PERIOD REMAINING PARENT ISOTOPES

GRAPH

y -…- -
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DECAYING DOTS

OBJECTIVES SUBJECTS:
General Science, PhysicalThe student will do the following: Science, Environmental
Science, Applied Chemistry1. Develop knowledge of the concept of "half-life."
TIME:

2. Calculate the amount of time for radioactive 1 class period
substances to decay.

MATERIALS:
3. Use graphing skills to show the rate of decay. scissors, graph paper,

French curve (optional),
student sheets (included)

BACKGROUND INFORMATION

An unstable atomic nucleus continues to emit nuclear radiation until a stable nucleus is formed. As aradioactive substance decays, it changes from one element to another. This process of radioactive decayis called transmutation. For example, Uranium-238 transforms into Thorium-230, then Radium-226, andso on until a stable isotope of lead is formed. (See figure 1.) This process is called a decay chain. Therates of decay vary from isotope to isotope and can range in time from seconds to billions of years.Effective half-life is the time required for a radioactive substance to reduce its activity by half as a resultof radioactive decay. Half-life can also be defined as the period of time during which half the atoms in aradioactive sample will undergo radioactive decay. (See table 1.) The following activity will provide insightinto these processes.

Uranium
Decay Chain 238

Thorium
230

/ , Radium 226

~ ~~.Ra~don 218

; / Bismuth 214

j? Lead 206
03-

FIGURE 1
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TABLE 1

HALF-LIVES OF SOME COMMON ISOTOPES

Americium-241 475 years
Californium-252 2.2 years
Carbon-1 4 5,760 years
Hydrogen-3 (Tritium) 12.26 years
Iodine-i31 8 days
Krypton-85 10.6 years
Phosphorus-32 14.29 days

PROCEDURE

I. Introduce the activity by defining half-life.

II. Explain to the studentsthe purpose of this activity is to simulate the radioactive decay of a substance.

Ill. Distribute the student sheets with the instructions and the dotted paper for use in the activity.

IV. Ask the students to read the instructions before beginning. Answer any questions concerning the

activity.

V. Once the students have completed the activity, continue with the follow-up below.

FOLLOW-UP

I. Suppose that the original number of dots represented one kilogram (1000 grams) of an isotope of

strontium, e.g., Sr-90. What mass 01 Sr-90would be left atthe end of the fourth half-life period? How
is this calculated?

II. Strontiu m-90 is a by-product of the fission of Uranium-235. Sr-90 has a half-life of 28 years. How long
would it take the original one kilogram mass of Sr-90 to decay to 125 grams of Sr-90?

Ill. Extension:

A. For each type of scientist listed below, find at least one use such a person would have for the
concept of half-life. In other words, how could each scientist use the half-life of radioactive
substances in the research he/she performs?

1. Geologist
2. Chemist
3. Biologist
4. Physicist
5. Others

B. For more information about nuclear power in the Valley, you may contact the office of TVA's
Senior Vice President for Nuclear Power at 6N38A Lookout Place, 1101 Market Street,

Chattanooga, TN 37402-2801 (or call 1-615-751-4555).
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Student Sheet

DECAYING DOTS

Instructions

1. Countthe numberof dots onthe accompanying sheet and record inthe datatable opposite 0 divisions.
This number represents the original number of atoms in your radioactive sample.

2. Fold the sheet so that the dots are divided exactly in half. Cut off and discard one of the halves. Theremaining half represents the number of atoms of the original radioactive sample that should be leftafter one half-life period. Write "1' in the divisions column and then count and record the number ofdots on the sheet. Repeat this procedure (cutting, counting, recording) until there is only one dot left.

DATA TABLE

Number of Divisions Number of Dots Left

0

3. Using a sheet of linear graph paper, plot a graph showing the rate of decay. First, label the x-axis(horizontal) as number of divisions. Next, label the y-axis (vertical) as the number of atoms of theoriginal sample left. If you have a French curve (device used by draftsmen in drawing curved lines),use it to carefully draw a smooth line connecting the plotted points. If a French curve is not available,
draw as smooth a line as possible. Be sure to title your graph appropriately.
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Student Sheet
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THE EFFECT OF RADIATION ON
CHROMOSOME STRUCTURE

OBJECTIVE SUBJECTS:
Life Science, Biology,The student will determine the effects of radiation Advanced Biologyon the chromosome structure of germinating seeds.
TIME:
3 class periods

BACKGROUND INFORMATION MATERIALS:
(for each pair of students)Preparation of "chromosome squashes" has become an irradiated seeds (e.g., thoseimportant technique in modern genetics. For instance, it is available through Carolinanow possible to determine before birth whether a child is a boy Biological Supply Co.),or a girl or to detect chromosomal disorders such as Down's aceto-orcein solution,syndrome or Tay-Sach's disease. coverslips, slides, razor
blades, watch glasses,The structure of chromosomes in various stages of mitosis medicine dropper,may be observed through a simple procedure known as a forceps, filter paper,chromosome squash. This experiment involves chromosome test tubes and rack,squashes of the root tips of germinated seeds. Some of the 70% EtOH, 95% EtOH,seeds have been exposed to varying amounts of radiation, compound microscope,and others have received no radiation. The purpose of the concentrated HCI, Carnoy'sexperiment is to determine what effect radiation has on the fixative with chloroformchromosome structure. Irradiated seeds may be ordered (available through Carolinafrom one of several research facilities or from commercial Biological Supply Co.),scientific material suppliers. petri dishes, non-irradiated
seeds

PROCEDURE

I. Divide the students into pairs. Have each pair of lab partners follow these directions.

A. Germinate both irradiated and non-irradiated seeds on moist filter paper in petri dishes, being
careful to keep the two kinds of seeds separate and labeled.

B. Allow the roots to grow to a length of at least 3/4-inch. Clip a root with a razor blade, andimmediately kill-fix it in a culture tube of 70% EtOH. Set up a culture tube for each kind of seed,and be sure to keep the seeds separate.

C. Allow the root tips to remain in the 70% EtQH for at least 24 hours.
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D. After each root has been in the alcohol 24 hours, pour afew milliliters of 95% EtOH and HOI (equal
amounts) into a watch glass. Pick roots that have been fixed in 70% EIOH and transfer them to
the watch glass. Allow them to remain for 5 minutes. Be very careful with the acid. Take care
to distinguish between the two roots.

E. Pour a few milliliters of Carnoy's fluid into a second watch glass, and place each root-one at a

time-on this second watch glass for 3 minutes.

F. Transfer each root to the center of a clean slide (use one slide for each root).

G. Using a razor blade, cut off each tip and discard the rest. Immediately add one or two drops of
aceto-orcein solution. Slice the tips into small pieces and allow these to remain for 5 minutes in
the solution. This stains the samples so that they are easier to see.

H. Place clean coverslips over the pieces of root, and tap lightly on the coverslips with the point of
a pencil. Finally, press down with the thumb, being careful not to twist the coverslips.

II. After the chromosome squashes are done, the students should observe each slide under the
microscope, looking for each stage of mitosis. They are to make a drawing of each stage of mitosis
as seen on the slide of the normal seed, then do the same with what is seen on the slide of the
irradiated seeds. A comparison of the drawings will allow students to determine the effects radiation
has on the seeds.

Ill. Continue with the follow-up below.

FOLLOW-UP

I. What effects did the radiation seem to have on the chromosome structure of the irradiated seeds?

II. From the drawings, compare the effects of radiation on germinating seeds at each stage of mitosis.
Are some stages affected more than others?

Ill. What do you think some probable effects of the radiation on the plants themselves might be? How
could you find out the effects to the plants? Do mutations alw ys exert observable effects on
organisms?

IV. What are some useful applications of radiation in agriculture, medicine, industry, and materials
development?

V. Extension: Have a scientist or radiation technician visit the class and discuss technologies for the use
of radiation.
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FUEL CYCLE

OBJECTIVES SUBJECTS:
Physical Science, General

The student will do the following: Science, Earth Science

1. Identify the six major steps in the fuel cycle. TIME:
2 class periods

2. Outline the steps in the fuel cycle.
MATERIALS:

3. Define the major terms associated with the student sheets (included)
fuel cycle.

BACKGROUND INFORMATION

The preparation of nuclearfuel requires a more extensive process than any of ourotherfuels used forthe
production of electricity. It is also the most costly source of fuel that we use in the Tennessee Valley. But
like our fossil fuels, the source of the nuclear fuel-uranium-is nonrenewable. Also like our fossil fuels,
there is a potential for long-term environmental effects. With coal for example, we face problems of acid
rain and carbon dioxide contributing to global warming. The most pressing environmental problem with
nuclearfuel is the high level of radioactivity of spent fuel. Spent fuelwill be highly radioactive for hundreds
of years to come and its disposal and monitoring will become the responsibility of many future generations.In the last decade, Congress passed laws that provide forthe disposal of nuclearwaste. In 1980 Congress
passed the Low Level Waste Policy Act, giving each state the responsibility for the disposal of its own
waste. States were allowed, with a written agreement and approval by Congress, to make compacts that
would allow disposal from several states in one location. This has not been an easy task, as no one wants
waste in their backyard." In 1982 Congress passed the long-awaited Nuclear Waste Policy Act,which
includes a timetable, possible location, and plan for a permanent storage facility for high level radioactive
waste.

Research continues to make nuclear energy more cost effective, especially in the fuel cycle. The
enrichment process accounts for 30 percent of the fuel cost and 75 percent of the energy used by the
nuclear industry. A large scale demonstration for a new technique of enrichment, laser enrichment, is
taking place atthe Lawrence Livermore Laboratory. In this process chemical separation can be performed
by selectively activating the U-235 in order to obtain the concentration needed for a nuclear reactor.

PROCEDURE

I. Give each student a copy of the student sheet "NUCLEAR FUEL CYCLE,' included.

A. Have the students carefully read the information on the student sheet.

1. Have the students define the following terms. (Terms are defined in the glossary at the end
of this chapter.)

conventional fission reactor yellow cake fuel rod isotope
Nuclear Waste Policy Act uranium enrichment uranium oxide
gaseous diffusion uranium dioxide uranium hexafluoride
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2. Ask the students to list and look up any other terms they may not understand, writing down
definitions for them.

B. Have the students outline the major steps and substeps of nuclear fuel production, use, and
disposal.

C. Discuss the major steps identified by the students. Ask the students how they think these
processes are different from those involved in using coal in a power plant.

II. Give each student a copy of the student sheet "URANIUM FUEL PROCESSING CYCLE," included.
Have the students label the illustrated steps.

III. Continue with the follow-up below.

FOLLOW-UP

I. Calculate the amounts of uranium oxide and of U-235 that could be separated from one ton of uranium
ore. Try these calculations for differing amounts of ore. Do the calculations using metric units, or
convert the answers from the calculations to metric units.

II. Is uranium enrichment a complicated process? Does it seem likely that the fuel cycle itself consumes
much energy? How does the energy gained from uranium fuel compare to the energy required to
produce that fuel? (Students may research specific answers to these questions for enrichment or
extra credit.)

III. Discussthe relationships of energy, mining, and environmental concerns in respecttothe nuclearfuel

cycle.

IV. Extension: Students may explore the variety of careers within the nuclear energy field.
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Student Sheet

NUCLEAR FUEL CYCLE

In a conventional reactor, U-235 is the fuel used to create heat energy to produce steam that eventually
generates electricity. U-235 is a naturally-occurring isotope of uranium, most of which is the U-238
isotope. Uranium deposits are found in Africa, Australia, Europe, Canada, and the western United States
(U.S.). According to the United States Department of Energy, the known U.S. reserves (resources
discovered and measured) in 1982 were estimated at 894,000 tons of uranium oxide. Potential U.S.
reserves (resources that are probable, possible, or speculative) of uranium oxide are estimated to be
3,209,000 tons. In 1987, the U.S. had 112 nuclear reactors (counting those not operating). A 1,000
megawatt reactorwould require approximately 5,500 tons ot uranium oxide during the expected 30-year
lifetime of the unit.

The first step of uranium fuel production begins with a search for ore that is rich enough to mine. Because
uranium ore is slightly radioactive, it can easily be detected by sensitive instruments. After a deposit has
been found and its size and value determined, mining may begin. The ore is mined much the same as
is coal, by surface mining or underground mining. On the average, one ton of ore yields tour pounds ot
uranium oxide (U3O98. Of that four pounds only 0.7 percent is the sought-after, fissionable U-235.

Through the milling process the ore is refined and concentrated into a product called yellow cake. The
yellow cake is sent to a conversion facility. In a uranium conversion facility, the yellow cake is treated with
hydrofluoric acid and fluorine to produce a gas-uranium hexafluoride (UF,). This gas is cooled to a solid
and shipped to one of two enrichment facilities owned by the Department of Energy; one is located in
Paducah, Kentucky, and the other, in Portsmouth, Ohio.

The enrichment process is the most difficult step in the cycle. The solid UF6 is heated until it once again
becomes a gas. U-235 and U-238, both present in the U 6,6 are separated in a process called diffusion.
In this process, the atoms pass through a porous barrier. Because U-235 moves faster than U-238, U-
235 will strike the barrier more frequently and more U-235 than U-238 will pass through the barrier. As
the U-235 vapor passes through the porous barrier, it is slightly enriched. This must be repeated
thousands of times in order for the gas to be enriched to a 3-percent concentration of U-235 for use in a
nuclear power plant.

The U-235 gas is allowed to cool and form a solid before being shipped to a fabrication plant. At the
fabrication plant the enriched uranium is converted to uranium dioxide (U0 2) powder and pressed into
pellets 3/8-inch in diameter and about 1/2-inch long. The pellets are inserted end-to-end into a 12- to 14-
foot-long metaltube made of a zirconium alloy and called a fuel rod. Rods are bound together in bundles-
fuel assemblies-and shipped to the power plants.

Once at the plant, approximately 200 fuel assemblies are loaded into the reactor to form the core. Each
year one-fourth to one-third of the fuel rods are replaced. The rods replaced are usually those closest to
the center. The rods are rotated and fresh fuel is inserted to replace the spent fuel. At the present time,
the spent fuel (high level radioactive waste) is stored onsite in pools of chemically treated water.

This spent fuelwill not decay to background levels forthousands ot years. In 1982, Congress passed the
Nuclear Waste Policy Act, setting up a timetable forfinal disposal. The Act includes a plan to build a high
level waste repository. This high level repository will be built in a rock formation deep within the earth that
will not change for thousands of years. There the waste packages will be permanently buried. Waste
packages are shielded containers designed to keep radioactivity in and water out. The packages will be
buried inside several barriers plus backfills of soil and rocks and will be monitored constantly to ensure
safety.
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POWER PLANT CYCLE

OBJECTIVES SUBJECTS:
General Science, Physical

The student will do the following: Science

1. Identify the major components of a nuclear TIME:
power plant. 2 class periods

2. Simulate the workings ot a nuclear power plant. MATERIALS:
student sheets (included)

3. Understand how electricity is generated by a
nuclear power plant.

BACKGROUND INFORMATION

In a conventional nuclearpowerplant, the heat used to create steam is produced bythe fission of uranium-
235 atoms. In this process, so much heat energy is released that each fuel pellet, weighing one-third
ounce, can generate as much electricity as 1,600 pounds of coal. A self-sustaining chain reaction occurs
when the number of neutrons released in a given time equals or exceeds the number of neutrons lost by
absorption.

The creation of this immense heat takes place in, and is contained by, the reactor vessel. Two types of
reactors are used in the Tennessee Valley-the Boiling Water Reactor (BWR) and the Pressurized Water
Reactor (PWR). In a BWR, the steam generated in the reactor vessel is used directly to drive the turbines.
In the PWR, heat is transferred through a primary loop trom the reactor to a heat exchanger by water kept
under high pressure to achieve high temperature without boiling; the steam generated in the secondary
loop is then sent to the turbine.

The energy imparted by the expanding steam rotates the turbine. The turbine is connected to a generator
and turns the generator's rotor coils approximately 1,800 revolutions per minute. As the rotor coils pass
the stator (stationary) coils, alternating electric current is produced. This electricity is then sent through
transformers and over power lines to homes, businesses, and industries.

PROCEDURE

I. Distribute the student materials- Using the schematics of nuclear reactors, explain the process by
which nuclear energy is converted to electrical energy.

II. Students will role-play as components of a nuclear reactor. Each student will be given a station
assignment and a card naming his/her particularcomponent role. If more than one student is needed
for a component, a group leader should be named. The student or group leaderwill have to describe
the function of his/her particular component. (The number of students per group may be adjusted
according to class size.)
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The following components are needed:

A. Reactor Vessel: 4 or 5 students standing in a circle, hands on each other's shoulders.

B. Fuel Rods: 2 or 3 students standing in the circle; they are not to move.

C. Control Rods: 2 students inside the circle. They may raise or lower their arms to indicate lowering

and raising of the control rods.

D. Steam Generator: S or 6 students, hands on each other's shoulders, standing in an oval shape.
Two more students will be needed to connect the reactor vesselto the steam generator. (If a BWR
is being depicted, omit this component.)

E. Steam Line: 3 or 4 students to connect the steam line from the steam generator to the turbines-

F. Turbine: 2 or 3 students, arms outstretched, moving in circles.

G. Generator: 3 or 4 students making a circle.

H. Rotor Coils: 2 student inside the generator, moving in a circle.

I. Stator Coil: 1 student inside the rotor coil circle; must not move.

J. Pump and Steam Lines: 5 or 6 students to connect the turbine with the steam generator.

K. Transformers: 1 or 2 students acting as transformers and transmission lines.

L. Consumer: Student using electrical appliance.

M. Steam: One student travelling through the process from A-J.

Ill. Have the students label, from memory, the major components of the reactors on the student sheets,
included.

IV, As a review, havethe students completethe matching exercise onthe student sheet "POWER PLANT
CYCLE," included. This may be used as a quiz.

V. Continue with the follow-up below.

FOLLOW-UP

I. Compare the generation of electricity using a fossil fuel, hydropower, and nuclear power.

II. What are some of the design features that contribute to the safety of nuclear power? What happens
in a nuclear accident?

Ill. Extension: A field trip to a nuclear power plant may be arranged. If this is not feasible, a person in
a nuclear energy profession could be asked to speak to the class.
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Student Sheet

POWER PLANT CYCLE

Matching Exercise

A. Reactor F. Generator
B. Fuel rods G. Rotor coil
C. Control rods H. Stator coil
D. Steam generator i. Transformers
E. Turbine

1. Contain the fuel pellets inside the reactor vessel.

2. Causes the generator to create alternating current.

3. Moves rapidly inside the generator.

4. A heat exchanger.

5. Control the chain reaction.

6. The device where heat is created by the splitting of atoms.

7. Electricity flows through these betore distribution.

8. Nonmoving part inside the generator that helps create alternating current.

9. Houses the stator and rotor coils producing electricity.
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NUCLEAR PLANT: WHO DECIDES?

OBJECTIVES SUBJECTS:
Social Studies, Civics,

In this role-playing activity, students acquire skills and General Science, Physics,
knowledge about decision making by: Physical Science

1. Analyzing a particular role and providing TIME:
a rationale for his/her position. 4 class periods

2. Understanding there are no easy MATERIALS:
solutions, but many trade-offs. student sheets (included)

3. Identifying various viewpoints
about nuclear energy.

BACKGROUND INFORMATION

The points of view given on the following pages describe the feelings of Townville residents about plans
to locate a nuclear power plant 10 miles from the center of town. After a great deal of research and
planning, the utility company, Power Incorporated, has decided this location has the best possible
conditions for a plant. The electricity is needed to meet the future needs of the consumers in Townville
as well as those in the surrounding area. There are, however, conflicting views held by various members
of the community. Some residents/businessmen can be considered special interest groups; others can
be regarded as having an overall interest of maintaining their small, quaint community as it is. Others
waver from one point of view to another.

The town has decided the best approach to take is the democratic one. The citizens, having definite
opinions, will choose to work with Power Incorporated in constructing a plant, ask the utility company to
use an alternative site, or object to the nuclear power option outright. The "no opinion" group will listen
to the pro and con groups, as well as to the utility company, representatives from the Nuclear Regulatory
Commission (NRC), and the mayor from Energyville (which has a nuclear plant nearby) before making
a decision.

PROCEDURE

i. Provide a schedule for the activities.

Day 1 - Introduce the activity; identify roles; assign research topics.
Day 2 - Follow-up research.
Day 3 - Hearing (5- to 8-minute presentations by each group).
Day 4 - Discussion.
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II. Assign roles.
A. The "no opinions" (the majority of the class)
B. Chamber of Commerce president
C. School superintendent
D. Environment Society president
E. Homeowner
F. President of Power Incorporated (utility)
G. NRC representative
H. Mayor of Energyville
i. Bank president

J. Biologist for the U.S. Fish and Wildlife Service
K. A facilitator (the mayor of Townville)

Ill. Provide each role playerwith the student materials (included). The "no opinions" will not receive this
information but will listen to all the witnesses before making a decision. They may ask questions.

IV. After each person has made his/her presentation, the "no opinions" will make their decisions.

V. Continue with the follow-up below.

FOLLOW-UP

I. Have each group or individual present its (his/her) strategy for swaying the "no opinions" to its (his!
her) side.

II. Have the students answer the following questions.

A. Were the groups able to satisfy all the different points of view?

B. What aspects of each group's plan benefited the entire community?

C. Have the opinions of individual class members changed during the process of this activity?

D. How can these techniques and skills be used in real-life situations?

lII. In orderto demonstrate betterthe process taking place in this activity, have students compare their
"before" and "after' opinions. Discuss why students did or did not change their opinions.

IV. Discuss the role of the democratic process in deciding issues such as those involved in nuclear power
production.

A. Identify other community issues which could be addressed through this process.

B. Do case studies of real situations where nuclear plants have been constructed.

C. Discuss the pros and cons of employing this process of community involvement.

V. Extension: You may want to invite to the class any of the people whose real-life roles were portrayed
by the students, or students could interview these persons.
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Student Sheet

POINTS OF VIEW

1. President. Chamber of Commerce: After giving the project serious consideration, Mr. Wilson has
chosen to ask Power Incorporated to choose the alternative site for the nuclear power plant.
BQa5n_-Townville is a booming tourist town with beautiful lakes and rivers nearby for recreation
activities such as boating, fishing, and camping. The town has spent years in building its tourism
business, which is its number one source of income. The tourism business has leveled off in the last
five years, but it is a reliable source of income for the town. He fears a nuclear power plant will cause
tourists to go elsewhere.

2. School Superintendent: Ms. Jones has decided to side with Power Incorporated and ask them to
locate near Townville. Blasan-Power Incorporated has developed a financial program to offset the
increased number of people moving into the area during the construction phase, and many of these
funds will go to the school system. Ms. Jones is in dire need of large amounts of money to renovate
her schools. For example, the high school gym needs a new roof. Other needs are air-conditioning
for the schools, new band uniforms, and new books. Based on her discussion with the school
superintendent in Energyville, Ms. Jones feels the schools will not be severely affected by the influx
of new students. She also believes the nuclear plant will be an advantage in the areas of science,
mathematics, and social studies education as a facility as well as a personnel resource.

3. Environment Society President: Ms. Wells will ask Power Incorporated not to choose Townville or
the alternative site, but rather to scrap the plans for a nuclear power plant and to develop alternative
energy sources that she feels will do less damage to the environment. BRaaQn-Ms. Wells
understands the need for additional energy in her region but feels a nuclear power plant has the
potential for doing irreparable damage to the environment should an accident occur. Ms. Wells leans
toward putting funds, research, and time into a program developing solar power and conservation
for long-term energy solutions.

4. Homeowner: Mr. Coat has made a decision not to make a decision. He has views both for and against
the proposal and would like to use his time to express his concerns so that others may shed light on
them in their presentations. Mr. Coat has several specific concerns- among them evacuation routes,
accidental radioactive releases that could damage the water supply, and undesirable persons moving
into his community, perhaps having an economic impact on homeowners.

5. President of Power Incorporated (utility company): Mr. Simpson wants to locate his nuclear power
plant in Townville. RaasQns-After a great deal of scientific research, his company has determined
Townville is the ideal location for a new plant. Not only does it meet the plant's technological needs,
such as a large supply of water, but it also meets the social and economic needs of his company.
There is plenty of room for Townville to grow to accommodate more houses and businesses and new
industries. It is awell-run town and the school system and recreational facilities-all primary concerns
of his employees and their families-are excellent. Mr. Simpson cites examples of how closely he
has worked with other communities in working out problems and meeting both the community's needs
and the utility's needs, and promises to do the same with Townville.

6. Nuclear Regulatory Commission (NRC) Representative: Ms. Hall's role is not to be for or against
building the plant but to ensure the proper steps have been taken. Ms. Hall explains that once an
application for a permit to construct a nuclear power plant is received, NRC takes the following steps:

EnvironamentalReview: The National Environmental Policy Act requires an environmental review.
Consideration is given to the effects of both the construction and operation of the plant on the local
environment, and the agency weighs the benefits against the possible risks. This review takes into
account views by experts in Federal, State, and local governments as well as those held by the public.
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Student Sheet

POINTS OF VIEW
(continued)

Safety Review: The utility prepares a preliminary safety analysis report forthe proposed reactor and
gathers data on the proposed site. This report includes hypothetical accident situations and describes
the plant's safety features. While NRC staff members review this document, the advisory committee
on reactor safeguards conducts a review, which is made public, and their recommendations are
submitted to the Commission. These reviews may take a year or more to complete and may result
in changes in the plant's design.

Public Participation: The law requires a public hearing before a construction permit is granted. The
three-member Atomic and Safety Licensing Board, consisting of one lawyer and two technically
qualified persons, presides. The board may consider the safety and environmental matters in one
hearing or in separate hearings. The utility presents evidence in support of the proposed plant. NRC
offers the safety report and/or environmental statement. The public may make statements or may
formally petition the board to intervene as full participants in the hearing. The board listens to all
evidence and issues an initial decision to the Atomic Safety and Licensinig Board Panel and to NRC.

Anti-Trust Review: NRC conducts a pre-licensing anti-trust reviewto ensure the facility complies with
anti-trust laws. Hearings may be recommended by the U.S. Attorney General or upon petition by an
interested party.

Construction Surveillance: NRC inspects during construction and reviews pre-operational testing to
ensure the program meets requirements.

Operating License: Approximately two years before the scheduled completion date of the plant, the
utility submits an application for an operating license. NRC again conducts a comprehensive safety
review. A final environmental statement is issued. The commission publishes notice that it is
considering issuance of a license. Each license for operation of a nuclear power plant contains
technical specifications for safety and environmental measures. NRC maintains surveillance of the
plant throughout its lifetime.

7. MayDorof Eneravville: Mayor Long has a nuclearpowerplant 25 miles fromthe centerof his town. The
plant is owned and operated by Energy Utility Company. Mayor Long has never regretted the power
plant coming to the Energyville community. Beasonsa-Unlike Townville, they had no major
industries. The nuclear power plant brought in new revenue to the city schools and the police and
fire departments; new homes were built; commercial businesses were created; and five new
industries have settled in the area. Mayor Long feels comfortable with NRC regulations for safety
and believes the Energy Utility Company goes above and beyond NRC standards for safety.

8. Bank President: Mr. Holston is definitely for building the nuclear plant. Beeasqs--Although he
agrees with Mr. Wilson that the tourism industry is generating vast amounts of revenue, he does not
feel a nuclear power plant will cause any decrease in tourism. He feels this large power plant will bring
new growth to the town and provide better services to residents while maintaining the quality of the
town's lifestyles.

9. Biologist for the U.S. Fish and Wildlife Service: Ms. Foster has no opinions as to whether the plant
should or should not be built. She is here to discuss the environmental effects of the power plant. Ms.
Foster is primarily concerned about the release of excessive heat into the river. If this happens, it
could be hazardous to aquatic life. Although some accidental releases have been reported at other
plants, they have been kept to a minimum. Ms. Foster feels that with the safeguards of cooling towers
and cooling ponds in place, the risk is minimal.
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GLOSSARY

alpha particles (He-4): particles consisting of 2 protons and 2 neutrons (indistinguishable from helium
nuclei); one of the three major types of nuclear radiation.

atom: the smallest particle of an element that has all its chemical properties.

atomic mass: the mass of an atom relative to that of the carbon-i 2 isotope, which has the exact value
of 12 atomic mass units; the mass of the particles in an atom's nucleus.

atomic mass unit: a mass equal to 1/12 that of an atom of C-12.

atomic number: the number of protons in the nucleus of an atom.

background radIation: radiation in the environment from naturally radioactive materials and cosmic rays
which have travelled through the atmosphere.

beta particles: fast-moving electrons ejected from radioactive nuclei; one of the three major types of
nuclear radiation.

breeder reactor: a nuclear fission reactor that produces fissionable Pu-239 fuel from nonfissionable U-
238 as it produces energy that can be used to generate electricity.

chain reaction: a self-sustaining reaction which provides the energy (or, in nuclear fission chain
reactions, the neutrons) necessary to continue the reaction.

cladding: the metallic outer jacket of a nuclear fuel rod; prevents corrosion of the fuel and the release
of radioactive fission products into the coolant; typically consists of a nonreactive metal such as
zirconium or stainless steel.

cloud chamber: a device in which the paths of ionized particles appear as vapor trails.

coolant: in a conventional fission reactor, the water that circulates through the core of the reactor,
absorbing heat energy; prevents nuclear fuel and other core components from melting; also serves
as a moderator of the nuclear reaction and the medium by which the heat energy is transferred out
of the core to where it is converted into electrical energy.

control rods: rods made of cadmium, boron, or other neutron-capturing materials that are interspersed
between the fuel rods of a fuel assembly and are moved in and out of the reactor core to regulate the
number of fission reactions by capturing the free neutrons that cause them.

conventional fission reactor: the type of nuclear reactor used commercially to produce electricity; the
use of the term "conventional" is used to specify this kind of reactor as opposed ro the breeder reactor.

core: the central and active part of a nuclear reactor; contains the fuel rods, control rods, and the
moderator.

cosmic rays: very highly penetrating radiation from outer space.
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critical mass: the minimum quantity of fissionable material that will sustain a chain-reaction.

curie: a unit of radioactivity; named after Marie Curie, Nobel laureate chemist who pioneered nuclear
chemistry and physics.

decay: see radioactive decay.

DOE: abbreviation for the United States Department of Energy; one of the Federal agencies having
jurisdiction in some nuclear power matters.

dosimeter: a device that measures and indicates the amount of radioactivity absorbed (for example, by
a person).

electron: a subatomic particle of extremely small mass and having a negative electrical charge.

electromagnetic waves: transverse waves moving at the speed of light and having frequencies which
fall in the range of the electromagnetic spectrum; examples are gamma rays, x-rays, visible light,
microwaves, and intrarecj radiation.

element: mailer composed of atoms having the same atomic number and the same chemical properties.

energy: the ability to do work.

enrichment: the process by which the concentration of fissionable U-235 (as opposed to nonfissionable
U-238) is increased from its natural 0.7 percent to the 3-4 percent required for nuclear fuel; the
required concentration for bomb-grade uranium is at least 85 percent.

fission: the splitting of the nucleus of an atom, resulting in the release of much energy.

fuel assembly: a bundle of many fuel rods; fuel assemblies are interspersed with control rods and are
located in the core of a nuclear reactor; a reactor requires several hundred fuel assemblies.

fuel rods: long, thin, metallic cylinders filled with cylindrical pellets of uranium oxide fuel; fuel rods are
bound together into fuel assemblies.

fusion (nuclear): the combining of the nuclei of several light atoms to form a heavier nucleus, resulting
in the release of energy.

gamma rays: highly penetrating electromagnetic radiation emitted by the nuclei of radioactive atoms;
one of three major types of nuclear radiation.

gaseous diffusion: a uranium enrichment process in which uranium hexafluoride vapor is passed
repeatedly through a porous barrier; the U-235 and U-238 isotopes have different masses and the
process tends to concentrate the lighter, sought-after U-235.

Geiger counter: an instrument that detects radiation.

generator: a machine that converts mechanical energy into electrical energy.

graphite: a form of the element carbon; sometimes used as a moderator in nuclear reactors.

half-life: the time it takes for half of the atoms in a sample of a radioactive element to decay.

heat: the internal energy of a body; a form of kinetic energy resulting from the random motions of

molecules.
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Inverse proportion: the relationship between two variables whose product is constant; as one variable
decreases, the other increases.

Ion: an atom or group of atoms having an electric charge.

Ionizing radiation: high-energy radiation capable of creating ions of atoms it strikes; alpha, beta,
gamma, and x-ray radiations are all ionizing radiations.

Irradiation: exposure to or treatment with radiation.

isotopes: atoms of an element which have the same number of protons but different numbers of
neutrons (i.e., the same atomic numbers but different atomic masses).

kinetic energy: the energy of the motion of an object.

Law of Conservation of Mass and Energy: the natural law stating that the total quantity of mass and
energy in the universe remains constant, i.e., that neither matter nor energy can be created or
destroyed.

mass: a property of matter that resists any change in a body's motion.

mass-energy conversion: the changing of mass into energy; expressed by the relationship E = Mc2.

mass number: the number of neutrons and protons in the nucleus of an atom.

matter: any substance or object having mass and volume.

millirem: a unit measuring the dose or amount of radiation a body receives overtime; equalto 0.001 rem.

moderator: a substance used to slow down the neutrons released by nuclear fission reactions so as to
increase the likelihood that they will cause further fission reactions (sustaining the chain reaction); in
reactors in the United States, ordinary water serves as both the moderator and the coolant.

molecule: the smallest particle of a compound that has all its chemical and physical properties.

natural radiation: naturally-occurring radiation; see background radiation.

neutron: an electrically neutral particle found in atomic nuclei and having about the same mass as a
proton.

NRC: abbreviation forthe Nuclear Regulatory Commission; a Federal agency having jurisdiction in some
nuclear energy matters.

nuclearenergy: energy (mostly in the form of heat energy) released during nuclearfission orfusion and
used to generate electricity.

nuclear reactor: a device in which a controlled nuclearfission reaction produces energy and radioactive
particles.

Nuclear Waste Policy Act: legislation passed by Congress in 1982 that mandates deadlines for Federal
action in deciding about and providing for long-term offsite storage of nuclear waste.

nucleus: the small dense center of an atom; contains all the protons and whatever neutrons the atom
may have; accounts for almost the entire mass of the atom and has a positive charge.
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plutonium: a naturally radioactive elementlthe isotope Pu-239 is a highly fissionable nuclear fuel which
is produced by the neutron bombardment of U-238 in fission reactors; Pu-239 is both used and
created (resulting in a net gain) in a breeder reactor; Pu-239 is also used in nuclear weapons.

potential energy: the energy of a body as a function of its position relative to other bodies (as opposed
to its motion).

power: the rate of doing work.

proton: a positively charged particle found in all atomic nuclei and having an atomic mass of 1.

radiation: the emission of particles or electromagnetic waves from unstable nuclei.

radioactivity: the emission of alpha or beta particles or gamma rays as a result of the disintegration of
atomic nuclei.

rad: a measure of energy alsorbed from ionizing radiation.

radioactive decay: the process by which atoms with unstable nuclei emit particles and/or waves
(radiation) as they change to more stable nuclei.

radioactive waste: the radioactive materials disposed of after use in power plants; medical, research,
or weapons production facilities; or other places where radioactive materials are used; such waste
must be disposed of or stored in such a way as to protect the welfare of people and the quality of the
environment (in some cases, for thousands of years).

radioisotope: an isotope that is radioactive.

reactor: see nuclear reactor0

rem: the roentgen equivalent in man (rem) is a unit measuring radiation exposure overtime; the amount
of ionizing radiation required to produce the same biological effect as one roentgen of highly
penetrating x-rays.

transmutation: the conversion of an atomic nucleus of one element into that of anotherby one or a series
of nuclear reactions.

unit: a nuclear reactor in a nuclear power plant; nuclear power plants generally have more than one
reactor, i.e., more than one unit.

uranium: a naturally radioactive element; the most common isotope, U-238, is not fissionable; the U-235
isotope is the essential isotope in fuel for conventional nuclear reactors.

uranium dioxide (U0 2): the uranium-oxygen compound of which nuclear fuel consists; the ceramic-like
material is compressed into small cylindrical pellets which are stacked into fuel rods.

uranium hexafluoride (UF5): the gaseous uranium-fluorine compound produced when yellow cake is
treated with hydrofluoric acid; UF6 is the compound which undergoes enrichment to render the
uranium fuel fissionable.

uranium oxide (U 30): the most common naturally occuring form of the element uranium; uranium ore
of sufficient uranium richness to mine commercially usually contains about two to four pounds of U308
per ton of ore.
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work: the product of a force and the distance over which it acts.

x-rays: a stream of deeply penetrating electromagnetic radiation.

yellow cake: a yellow-colored material consisting mostly of uranium oxide (U308),the naturally-occurring
form of the element uranium; yellow cake is produced by concentrating crude uranium ore and is used
in turn to produce uranium hexafluoride.
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SOLAR ENERGY

Almost all of the earth's energy originates in the sun. Through photosynthesis, the sun's radiant energy
is converted to chemical energy by green plants. This chemical energy-the food value in plants-forms
the basis of every food chain. The sun's energy not only supports life, but solar energy that reached the
earth long ago powers our cars and lights our cities (in the form of fossil fuels). In addition, the sun's heat
drives the wind and powers the water cycle. Obviously, we are absolutely dependent on this source of
constant, readily available energy; however, solar energy is diffuse and cannot be controlled by human
measures. Capturing solar energy and converting it to a usable form is one of the major technological
challenges of our time.

Solar energy, unlike the resources currently providing most of our energy, has the tremendous advantage
of being renewable. It is a source of t[ fuel for billions of years to come. Solar energy has a great
advantage over fossil fuels in that it causes no air pollution. Unlike nuclear power, solar energy produces
no dangerouswastes. Solar energy does not have to be mined. Sunlight is available everywhere on earth.
Admittedly, there are some disadvantages in the use of solar energy, as there are with all energy
resources. Solar energy technologies often require large initial investments. The availability and strength
of sunlight differs at various locations, and we have no control over weatherfactors which affect the use
of solar energy. Perhaps the major drawback is that sunlight is not available at night when heating needs
are greatest.

While we are researching and developing new technologies to make use of this important resource, using
solar energy is not anew idea. Humans have always used the sun's warmth and light. Throughout history
civilizations have not only made direct use of the sun's energy but also have used it indirectly by using
wind power in sails and windmills, hydropower technologies like waterwheels, and biomass fuels (plant
materials and/Qr animal waste). The sun's energy has played an important role in human history. Early
people dried animal pelts and food in the sunlight. Greeks designed passive solar homes in response to
shortages of wood for heating. Solar energy heated water in Roman public baths. Solar water heaters,
stills, and other devices have long contributed to human well-being. Our use of the sun's vast supplies
of energy has taken many forms and has been of varying relative importance among other energy
resources. As new ways to conserve energy and new alternative technologies are sought, solar power
technologies can only become more important.

There are two basic kinds of solar technology-active and passive. An active solar energy system is one
which captures the energy and transports it to be used somewhere else; active systems have mechanical
parts. A solar water heater is an example of an active energy system. The water is heated by the sun,
then goes to another area of the house for use. Passive solar systems are heat traps. For example,
buildings or rooms are designed to function as passive solar energy systems by capturing the sun's heat.
A greenhouse is an example. Passive systems generally do not have moving parts.

There are numerous methods of collecting solar energy for active use. Flat-plate collectors are the most
common devices for heating water. These are the flat, dark, glass-covered boxes seen on roofs and in
backyards. A flat-plate collector box acts as a heat trap. Heated water leaves the collector and is
transferred to a storage tank or to a conventional water heater. The heated water can be used for such
normal household purposes as bathing. In some systems, the water is used to heat the house and is
stored in tanks in the basement until its heat is needed.
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Solar (photovoltaic) cells, the electronic devices which convert light directly into electricity, are a special
kind of active solar energy technology. They are now commonly used in hand-held calculators. The wing-
like structures on artificial satellites are panels of solar cells. In space, where there are neither clouds nor
day/night cycles, solarcells provide an endless supply of electricity and are very efficient. A solar-powered
ultra-light airplane, the Gossamer Penguin, has been successfully flown. Some solar electric cars have
been built; General Motor Company's Sunraycerwon a solar-powered auto race in Australia and will tour
the eastern United States in 1990.

Although solar energy itself is 'lree,"the present cost of arrays of solarcells large enough to provide power
for a household is prohibitive, as isthe cost of providing a solar electric-powered house with the necessary
storage batteries. Nevertheless, the cost of solar cells has fallen about 90 percent in the last 10 years,
making solar-produced electricity much more attractive. At the present time, the small solar cells
available from scientific or electronic supply houses or catalogs may be used effectively for a variety of
small-scale uses. Such uses include powering communication devices such as telephones, radios, and
televisions; this is particularly important in developing countries.

Current uses of the sun's energy for producing large amounts of electricity require employing a
modification of steam generation rather than photovoltaic cells. A solar furnace uses sunlight concen-
trated by mirrors to boil water and produce electricity from steam-powered turbogenerators. A huge array
of mirrors on a slope focuses sunlight on the furnace's boiler. Solar furnaces are currently producing
electricity in France and Arizona. A solar power tower is a variation of the solar furnace. A tower serves
as the focal point for a circular array of mirrors on level ground around the tower. Water is heated to steam
within the tower and electricity is produced by a turbogenerator. These kinds of generating facilities are
most practical for desert areas because of the amount of groundspace they require, as well as the
availability of maximum amounts of sunlight.

Passive solar technologies trap the sun's heat and employ only the properties of heated air or water in
the energy's storage, oruse; mechanical devices do not assist in these processes. Passive solar building
design, for example, has features which maximize solar heat gain in winter and minimize it in summer.
The orientation of windows, the use of shading devices, and landscaping around the building may all play
a part. Special features such as thermal masses (e.g., brick or concrete walls or floors) to absorb heat
and release it slowly, greenhouse-like solariums or "sunrooms," and Trombe walls may be included in
passive solar designs. Trombe walls are hollow, vented, south-facing exterior walls which act as solar
collectors. Air inside them heats up, rises, and exits through vents at the top of the wall to circulate through
the room, drawing cool air into the vents at the bottom of the wall. Passive systems are generally
considered energy conservation measures.

The passive use of solar energy can be done on a very small scale. One example is solar ovens. They
are easy to build and use free fuel. Parabolic reflectors are commercially available and are designed to
focus the sun's rays on a small area; used with a grill or spit, they make it possible to cook meat as well
as other foods with solar energy. While cooking with such ovens is not always practical, the use of solar
ovens to dryfood can be very convenient. Solar energy can be used to prepare some foodswithout using
a solar cooker or dehydrator. Making "sun tea" is a popular method of preparing iced tea; the heat of the
sun is trapped inside the closed jar, and tea is brewed slowly as the water heats up.

Our current standard of living requires an inexpensive, dependable supply of energy. Conventional
energy resources may not always be available or affordable. The price of fossil fuels will increase as
supplies dwindle; nuclear power is stymied by regulation and adverse environmental effects; and
hydroelectric power is available only in certain areas. The sun is a source of environmentally safe, readily
available, free energy. Although solar energy cannot totally replace conventional sources, it can help
lessen our dependence on nonrenewable fuels (foreign and domestic), while giving us more individual
independence and direct control in meeting our energy needs.
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THE SUN IN MYTHOLOGY AND
HISTORY

OBJECTIVES SUBJECTS:
General Science, World History,The student will do the following: World Geography, English

1. Explain the significance of mythology. TIME:
2-3 class periods

2. Demonstrate library skills.
MATERIALS:

3. Summarize sun myths and scientific knowledge Icarus by the Paul Winter Consort
about the sun. (recording), world map outline

4. Present summaries of information in a
variety of ways.

BACKGROUND INFORMATION

Daedalus, a character in Greek mytholody, was a famous architect and sculptor. According to the myth,
he grew jealous of one of his students, Talos. He killed Talos and fled from Athens to Crete, taking his
son, Icarus, with him. In Crete, he built the Labyrinth of the Minotaurfor King Minos. Daedalus soon fell
from favor with the king, and both he and Icarus were imprisoned by Minos. In orderto escape, Daedalus
built two pairs of wings made of wax and feathers. He cautioned Icarus to fly low over the water and not
to get too high or the wax would melt. Icarus, filled with the joy of flying, failed to heed his father's warning.
He flew too near the sun, and his wings melted. He plunged into the sea and drowned.

PROCEDURE

i. Play Icarus, a recording by the Paul Winter Consort, for the students.

A. Ask the students to describe what the music brings to their minds. (You could have them make
drawings.)

B. Ask if anyone knows the meaning of the title, Icarus.

C. Relate the myth above.

D. Ask the students to draw morals from the myth; discuss what mythology is and what its cultural
significance is.
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II. Have the students research sun myths and beliefs.

A. Divide the class into five groups. Assign each group one of the early cultures listed below. Ask
the students to find sun myths or beliefs belonging to their assigned cultures. Have the students

conduct library research (either during class time or outside of class) to find the information they

need.

1. Japanese

2. New World Indians (Aztecs, Incas, Mayas)

3. Egyptians

4. Babylonians

5. Greeks, Romans

B. Have the students present theirfindings to the class. Encourage a variety of presentations (skits,

illustrations, etc.).

Ill. Discuss present astronomical knowledge about the sun and ask the students to describe some

current solar energy technologies.

A. Have each student return to the library to research our present knowledge of the sun and our use

of its energy. Have them construct solar time lines based on the information they gather.

B. Have students locate each culture and each time line entry discussed in class on a world map.

IV. Continue with the follow-up below.

FOLLOW-UP

I. Why did so many early cultures have sun myths?

People developed mythologies to explain things they did not understand. This has been especially

true of natural phenomena. For example, since one natural phenomenon all cultures experience is

the rising and setting of the sun, it is quite natural that mythological explanations of this daily

occurrence are common.

II. What is an appropriate scale (interval) for the time line? Why was an appropriate interval difficult to

determine?

The early myths establish one end of the time line and the more recent astronomical and solar energy

developments establish the other. Because there are many recent developments of significance, the

recent end of the time line needs small divisions. One wayto deal with this problem is to use a broken

time line with two scales. For example, the earliest mythological information can be recorded on a

scale measuring thousand-year intervals, but the astronomical and recent solartechnology develop-

ments need shorter intervals.
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Ill. Why are there so many more late entries on your time line than early ones?

The discussion should center on the incremental effect of scientific discoveries, i.e., one discoveryleading directly to several more. There has been a geometric increase in the amount of information
gathered in recent years in most subject areas. Advances in information retrieval systems and datacollection mechanisms as well as the increased longevity of the population and improving economic
conditions in much of the world have also contributed to the explosion of information.

IV. What inferences can be drawn from an examination of the world maps on which these cultures andevents were located?

Two possible explanations might be that large parts of the world have not contributed to our solarknowledge or there are areas whose contributions the class has not yet discovered. Hypotheses toexplain these two viewpoints should be developed, and each hypothesis could become the focal point
for future library research.

RESOURCE

Paul Winter Consort. Icarus. Epic Records, 1972.
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TRACING THE FLOW OF SOLAR
ENERGY

OBJECTIVES SUBJECTS:
General Science, Physical Science,

The student will do the following: Environmental Science

1. Trace the flow of solar energy. TIME:
1-2 class periods

2- Associate the First Law of
Thermodynamics with the concept MATERIALS:
of energy transformation, student sheets (included)

3. Recognize the relationships between
the sun and:
a. coal
b. wind power
c. hydropower
d. the food chain.

4. Identify examples of:
a. light and heat
b. potential energy
c. kinetic energy.

BACKGROUND INFORMAtION

The First Law of Thermodynamics, better known as the Law of the Conservation of Energy, states that
energy can neither be created nor destroyed. Energy can be changed from one form to another, but it
cannot be created or destroyed.

When we use energy, we have usually converted it from one form to another. These conversions are not
100 percent efficient; that is, at each conversion, some energy is 'lost" in waste heat, friction, noise, or
other unusable forms. Many energy use processes include several energytransformations.With energy
loss at each conversion, the energy we finally use is but a fraction of the amount of energy available at
the start of the process.

The sun provides an enormous amount of energy to the earth. Almost incalculable amounts of radiant
energy from the sun have reabhed the earth throughout its history. A small amount of the energy available
to the ancient earthwas captured by plants living atthat time. Green plants capture light energyto perform
photosynthesis, assembling energy-rich carbohydrates from carbon dioxide and water. This ancient
energy, stored as chemical energy in fossil fuels, provides most of the energy powering vehicles,
industries, and electric generating facilities today. The energy stored by present-day green plants
provides all the chemical energy necessary to maintain life on our planet. Every living thing-including
human beings-depends on the solar energy stored in food.
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The sun's energy also powers the hydrologic cycle by providing the energy necessary to evaporate water
from the earth's surface. We use this energy when we use electricity generated at a hydroelectric power

plant.

Radiant energyfrom the sun also causeswind. Different air masses absorb heat energy at different rates.
Warmer air rises and cooler air moves in, creating currents of moving air in the atmosphere. We can use
the energy of wind to provide mechanical energy, and the mechanical energy may be used to provide
electricity.

PROCEDURE

I. Give each student a copy of each of the four student sheets (included). Explain that they are to trace
the flow of energy originating in the sun through each of the tour energy use schemes depicted.

A. Review with the students the definitions of radiant energy, kinetic energy, and potential energy.
Be sure they understand that radiant energy includes light and heat energy; kinetic energy
includes mechanical energy and electricity; and potential energy includes stored chemical
energy. Have them label each step as to the type of energy represented there.

B. Discuss with the studentsthe concept of the conservation of energy and how energytransforma-
tion is related to that law. Have the students label each transformation with the types of energy
that are "lost."

II. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students how the efficiency of energy transformation might be maximized. (In other words,
what could we do to get the most usable energy out of our energy conversions?)

Some possible answers might be the design and use of more efficient generators and machines; more
uses of solar energy for lighting, heating, and photoelectricity; and energy use processes that involve
fewer steps from start to finish. (If possible, discuss some of the implications of their answers.)

II. Trace the flow of energy used to power an automobile.

The energy came to the earth in the form of sunlight many millions of years ago. Ancient green
plankton converted the light energy into potential (chemical) energy through photosynthesis. The
microscopic plants and the animal plankton that ate them died and sank to the bottom of the ancient
seas,where they were buried by sediment and partially decayed. The resulting oil was recovered and
refined, and the gasoline made from it was used to fuel the automobile. Burning the gasoline converts
the chemical (potential) energy to kinetic energy, causing the expansion of gases in the cylinder of
the engine. The expanding gases force the pistons down; the piston rods turn the crankshaft, which
turns the driveshaft, turning the axle, which turns the wheels-all forms of kinetic energy.
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Ill. How is energy "lost" in an automobile?

The heat and noise given off by the engine do not contribute to the automobile's motion; this is
'Wasted" energy. Sometimes the gasoline does not burn thoroughly. If the engine needs a tune-up,
for example, then energy is lost by incompletely burned gasoline going out the exhaust.

IV. How is energy 'lost" in the food chain?

Only green plants can make use of the light energy falling on their leaves. Herbivores (plant-eaters)
take in the energy stored in the plants, but the herbivores must use energy to stay alive. Therefore,
not all the energy herbivores take in is available to carnivores (meat-eaters) since some of it has been
used in metabolism. In birds and mammals, much of this energy is used to maintain the animal's body
temperature. Energy is also lost to the environment as body heat. Additionally, digestion is not a
completely efficient process. (Rememberthat animal wastes have energy content and can be used
as fuel.)

V. Can there ever be an electricity generation and transmission system which loses no energy?

No; a 100 percent efficient system is impossible. Friction between moving parts "steals" energy. The
energy loss in a power plant is substantial because it is difficult to capture and use waste heat energy.
It is also impossible to transmit electricity at 100 percent efficiency. Resistance of the conductors in
the system to the flow of electricity causes a loss of energy. (You may want to discuss superconduc-
tors.)
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Student Sheet

TRACING THE FLOW OF SOLAR ENERGY

Beginning at the sun, arrows show the energy flow to each step in the process of using this energy.

Indicate the energy's form in each step by filling each blank with one of the following: heat, light, kinetic

(motion or mechanical) energy, potential (stored or chemical) energy, or electricity (a specific type of

kinetic energy).
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Teacher Key

TRACING THE FLOW OF SOLAR ENERGY
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Student Sheet

TRACING THE FLOW OF SOLAR ENERGY

Beginning at the sun, arrows show the energy flow to each step in the process of using this energy.
Indicate the energy's torm in each step by filling each blank with one of the following: heat, light, kinetic

(motion or mechanical) energy, potential (stored or chemical) energy, or electricity (a specific type of

kinetic energy).
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Teacher Key

TRACING THE FLOW OF SOLAR ENERGY
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Student Sheet

TRACING THE FLOW OF SOLAR ENERGY

Beginning at the sun, arrows show the energy flow to each step in the process of using this energy.

Indicate the energy's form in each step by filling each blank with one of the following: heat, light, kinetic

(motion or mechanical) energy, potential (stored or chemical) energy, or electricity (a specific type of

kinetic energy).
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Teacher Ke

TRACING THE FLOW OF SOLAR ENERGY
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Student Sheet

TRACING THE FLOW OF SOLAR ENERGY

Beginning at the sun, arrows show the energy flow to each step in the process of using this energy.

Indicate the energy's form in each step by tilling each blank with one of the following: heat, light, kinetic

(motion or mechanical) energy, potential (stored or chemical) energy, or electricity (a specific type of

kinetic energy).
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Teacher Key

TRACING THE FLOW OF SOLAR ENERGY
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PURIFYING WATER WITH SUNLIGHT

OBJECTIVES SUBJECTS:
General Science, Physical Science,

The student will do the following: Outdoor Education

1 . Build a simple solar still. TIME:
2 class periods

2. Distill water using the sun as the
energy source. MATERIALS:

(for each student) clear plastic wrap,
3. Explain how using the sun as an 1 drinking glass or beaker, 1 large pan

energy source could help provide or tub, muddy or salty water, a small
potable water and wastewater treatment. weight, student sheet (included)

BACKGROUND INFORMATION

Heat energy from the sun is constantly evaporating water from the surface of the earth. (This is the way
the sun's energy drives the hydrologic cycle.) People can make use of the sun's evaporative energy to
make salty or muddy water potable. When water evaporates, the solid substances dissolved or
suspended in it do not. The evaporation of salt water is a good example. The water molecules enterthe
vapor phase, leaving the sodium chloride behind. This is because water has a much lower boiling point
than salt. If alcohol,which has a lower boiling point than water, is added to water and the mixture is heated,
the alcohol will evaporate first, leaving the water behind. Most of the chemical impurities in water,
however, are solids with relatively high boiling points. Bacteriawill also be left behind as water evaporates.
Evaporation is a process which takes place molecule by molecule; that is, individual water molecules
leave the liquid phase independently of each other. Bacteria are millions of times larger than water
molecules.

In order to use the sun's energy to produce potable water, we need a device for capturing and
concentrating the diffuse energy of sunlight, evaporating water, and condensing purified water. Such a
device is called a solar still. A still is a device which captures vapor and condenses it back into the liquid
phase. The condensate is said to be distilled.

A solar still's operations can be explained by Kinetic Theory. As the water in the pan absorbs some of
the heat energy from sunlight, the water molecules vibrate with increasing energy. In the liquid phase,
molecules are free to move and to collide with one another. The heat energy of the sun is transformed
into the energy of motion-kinetic energy. Some water molecules near the surface gain enough energy
to leave the liquid state and enterthe air as vapor. Vapor has greater kinetic energythan does liquid. When
the molecules, now in the vapor phase, strike and adhere to the plastic covering, they lose energy because
the plastic covering is slightly cooler than the air and vapor within the still. The energy loss causes the
vapor to re-enter the liquid phase. Pulled by gravity, the water then flows down the concave plastic
covering and drips into the container at the center of the still.
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PROCEDURE

I. Gather the materials for each student's solar still. Mix enough salty or muddy water for the class
(several gallons).

II. Introduce the activity by sharing the background information with the students. Explain that they will
build simple solar stills and use them to distill salty or muddy water, making the water potable.

Ill. Distribute the student sheet (included) and the materials needed for the solar stills. Supervise the
students as they complete the activity.

IV. If it is more practical to do this activity as a demonstration, you may prepare one solar still. Likewise,
if it is not possible to put the still in the sunlight, you may place it under a lamp for a period of time
(perhaps overnight).

V. Continue with the follow-up below.

FOLLOW-UP

I. Explain how the solar still works. What was the energy source? How was the water cleaned?

The energy for this process originated in the sun. Light passed through the plastic wrap. The light
energy was changed to heat energy as it struck the water, and the heat was then trapped within the
pan by the covering. The covering allows visible light to pass through but will not allow infrared energy
(heat) to pass back through as readily. The solar still acts as a heat trap, similar to a greenhouse.
The sunlight provides the energy for the evaporation of the water in the container. The water vapor
travels up to the covering, where it condenses because the covering is cooler. Droplets form and
gravity pulls them down the covering's slope (created by the weight). At the lowest point, drops form
and fall into the glass or beaker located directly under the weight.

II. How might you speed up the distillation process?

Increasing the energy input will speed up the process, but it is not possible to control the sunlight itself.
Therefore, we must improve our collection of the sun's energy. This might be accomplished by
increasing the surface area of the water by using a larger pan. Perhaps the pan could be painted
black. Some light is being reflected away from the water by the covering; it might be possible to find
a less reflective covering material. Concentrating the sunlight might be possible.

Ill. What areas of the world might benefit from large-scale solar-powered water purification plants?

Places lacking fresh water but having access to sea water and abundant sunshine might someday
benefit from this technology. Examples are Southern California and the Middle East.

IV. Could a solar still be used to clean up toxic wastes in water?

Any substance with a boiling point higher than that of water will remain behind as the water
evaporates. Many substances (particularly organic substances) have boiling points lower than that
of water. These substances often change chemically at high temperatures. Whereas distillation or
even simple evaporation cannot solve our wastewater treatment problems, many waste treatment
plants allow the water to evaporate into the atmosphere. This reduces the volu me of waste that must
be disposed of. The residue is gathered and disposed of in special landfills.
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V. How could this method be used as a survival tactic in the desert where there is no surface water?

40 Drinking water can be distilled from the moisture in the ground. First, a hole is dug a few feet into
the ground. The hole is covered with a large sheet of plastic or waterproof tarp, and a weight is placed
in the center of the covering. A container for catching the condensate is placed directly below the
center. Moisture from the soil evaporates, is trapped, and condenses.

RESOURCE

Oak Ridge Associated Universities. Science Activities in Energy: Solar Energy. N~p.: U.S. Department
of Energy, reprinted 1980.
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Student Sheet

PURIFYING WATER

Instructions

1. Fill a pan or tub to a depth of 5 cm with salty or muddy water. Place a clean drinking glass or small

beaker in the center of the pan.

2. Cover the pan with plastic wrap. Tape all the way around the edges, forming a good seal. Place a

small weight in the center of the plastic (above the glass).

3. Place the solar still in direct sunlight for several hours.

4. Check the still after the time has elapsed. If you began with salty water, taste the water in the glass.

If you began with muddy water, do not taste it. Just look at it; the water will be clean.
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THE INFLUENCE OF COLOR ON HEAT
ABSORPTION AND LOSS

OBJECTIVES SUBJECTS:
General Science, Physical Science

The student will do the following:
TIME:

1. Compare the influence of various 2 class periods
colors on heat absorption.

MATERIALS:
2. Compare the influence of various (for each group) paint (several colors,

colors on heat loss. including white and black), one
disposable aluminum pie pan for each
color of paint, Celsius thermometer,
water, clear plastic wrap, newspapers,
student sheet (included)

BACKGROUND INFORMATION

Ben Franklin did an exquisitely simple experiment on the subject of color and heat absorption. He placed
a white cloth and a black cloth of the same size and same fabric on a snow bank in the sun. The snow
under the black cloth melted, while that under the white cloth did not. One of the fundamental principles
of solartechnology is that wh ite ceflects most light and much heat, while black asorbs most light and much
heat. That's why black looks black-it is reflecting almost no light back to the eye. Red absorbs all visible
light except red, which it reflects. Yellow surfaces absorb all but yellow, and so on throughout the visible
spectrum. This is why solar collectors have dark surfaces-to raximize heat absorption.

PROCEDURE

i. Divide the class into groups of five or six students each. Give the groups the listed materials. Have
them paint the inside of each pie pan a different color, making sure to paint one white and one black.
One may be left unpainted. (To save class time, you may want to do this ahead of time-)

II Have them follow the instructions on the student sheet (included).

ill. When both procedures are completed, continue with the follow-up below.

FOLLOW-UP

i. Why are the pans covered with plastic wrap?

The covering makes the pans act as heat traps. Air is not free to circulate because, if it were, the heat
collected would be "blown away."
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II. Why are the pans placed on books or stacks of newspaper?

The metal pans are very good heat conductors. Without the insulating effect of the books or

newspapers, heat would be transported by the metal from the water to the ground too quickly.

Ill. What were the results of your experiments? Why do you think the results are as you discovered?

Share with the students the information given in the background preceding the instructions for this

activity.

IV. Why are solar collectors black?

The color increases the efficiency of the solar collector as a heat trap.

V. Which parts of a house should be painted white or a light color?

In the South air conditioning costs sometime outweigh heating costs; if this is the case, a house with
a white roof will save on the annual energy bill. Also, south-facing walls should be white or light-

colored. Swimming pools should be painted a lightcolorto keepthe watercool inthe summer. (When
choosing interior colors, keep in mind that green and blue are colors which recreate an impression
of coolness. Red, yellow, and orange create an illusion of warmth.)
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Student Sheet

COLOR AND HEAT

Put 500 ml of water in each pan. Measure and record the temperature of each. Cover each pan securely
with clear plastic wrap. Place them on books or stacks of newspaper in direct sunlight. After 15 minutes,
measure and record the temperature of each. Compute the temperature change for each pan.

Color Initial Final Change in
of pan temp ('C) temp (IC) temp ('C)

Which color gained the most heat? the least heat?

Put 500 ml of hot water in each pan. Measure and record the temperature of each. Repeat this procedure
every 5 minutes for 20 minutes. Compute the overall temperature change for each pan.

Temperature (SC) Overall
Color change
of pan 0 min 5 min 10 min 15 min 20 min in temp (0C)

Which color loses heat most quickly? most slowly?
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MEASURING THE NUMBER OF
CALORIES IN SUNLIGHT

OBJECTIVES SUBJECTS:
General Science, Physical Science,

The student will do the following: Environmental Science

1. Define calorie. TIME:
2 class periods

2. Determine the amount of heat
available from the sun in his/her area. MATERIALS:

(for each group of 3 students)
3. Compare the absorption of solar energy Celsius thermometer, graduated

by three different collectors, cylinder, grease pen (or soot,
carbon black, or black tape),

4. Define the solar constant. magnifying glass, metric ruler, test
tube rack, 3 test tubes, watch or

5. Offer several explanations for timer, student sheets (included)
discrepancies between the data collected
and the solar constant.

BACKGROUND INFORMATION

Unimaginably vast amounts of solar energy reach the earth each day. Some is reflected or refracted back
into space, some is absorbed by the earth's atmosphere, and some reaches the surface of the earth.
Although the amount reaching the earth's surface is huge, not all of it is useful to human beings. The
energy is diffuse and must be captured and concentrated before we can use it for most of the purposes
forwhich we require energy. Secondly, energy conversion (from one form to another) cannot be carried
out at 100 percent efficiencies.

Solar scientists have determined that the amount of solar energy reaching the earth's atmosphere is 1 .94
calories per square centimeter per minute. This value is known as the solar constant. Obviously solar
collectors will not receive this amount of energy because of the atmosphere's absorption and reflection
of some of the energy. Other factors also affect the collection of solar energy; latitude, altitude, weather
conditions, seasons of the year, orientation of the collector, and other factors all come into play.

PROCEDURE

I. Review with the class the definitions of the terms calode, centimeter, and millirfter. Introduce the solar
constant to the students. The solar constant is a computed average for the amount of heat energy
reaching the earth's atmosphere in a unit of time. It is defined as being 1.94 calories per square
centimeter per minute (1 .94 cal/cm2/min).

II. Divide the students into groups of three. Give each each group the listed materials and review the
steps in the instructions for the experiment (see the student sheet, included).
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Ill. Have the students complete the experiment, filling out the data table on the student sheet as they go.

IV. Continue with the follbw-up below.

FOLLOW-UP

I. How did the solar heat absorptions determined in this experiment compare to the solarconstant? (You
may want to have the groups average their three trials for each test tube and record the figures on
the chalkboard or a chart.)

II. What are some possible explanations forwhy the collected data differs from the solar constant? Can
your students formulate hypotheses and design experiments to test some of these explanations?

The solar constant is a value that does not apply directly to solar collectors located on the earth's
surface. It does not take into consideration the absorption of energy by the atmosphere. Because
of this absorption, it is ndt possible to actually receive 1.94 cal/cm2/min in a collector on the earth's
surface. It may be possible, on the other hand, to attain values greater than this in the experiment.
Errors in calculations, rounding of figures, errors in measurement, and otherfaults in carrying out the
procedure, as well as faults in the procedure itself, all may affect the experiment's outcome.

1li. How do the three test tubes differ in their abilities to trap heat from sunlight? (Look again at the
averages of the trials.)

IV. Have the students determine, using their figures, the amount of heat absorbed by a typical black and
glass solar collector with dimensions of 2 x 1.5 m.

The area of the collector is 3m2. This is 30,000cm2 . Determine which test tube most closely
approximates a solar collector and use the calorie absorption average for that test tube. Multiply the
figure by 30,000. (Remember that this figure represents energy absorption for one minute. What
about for an hour? a day?)

V. How does the time of day affect the availability of solar heat?

At noon, the sun's rays are most nearly perpendicularto our area on the earth. This means that they
must pass through less atmosphere than at any other time of the day. The less atmosphere the rays
pass through, the more energy is available. In the morning and afternoon, however, the rays strike
the earth's surface more obliquely and must pass through more atmosphere than at noon. Less
energy is available.

VI. Why doesn't the earth itself overheat?

Some of the heat absorbed by the earth's atmosphere and surface is radiated into space during the
night. Earth's 24-hour rotation period helps maintain a temperature suitable for the great variety of
life forms on this planet.
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Student Sheet

MEASURING THE CALORIES
IN SUNLIGHT

Instructions

1. Prepare the test tubes. Use black tape, a grease pencil, or another provided material to cover the
entire bottom portion of one test tube and one half of the bottom of a second test tube. (See the
illustration below.) Leave the third test tube clear.

2. Determine the area of the hand lens (magnifying glass). Measure the diameter of the lens. Find the
radius by dividing the measurement in half. Record the radius across the data table. Compute the
area of the lens using the formula A = nr2, where A is the area, it = 3.14, and r2 is the square of the
radius. Record the area across the data table.

3. Choose one ofthetesttubes. Using the graduated cyclinder, measure 10 ml of distilled water and pour
it into the test tube. Measure and record the temperature of the water. Place the test tube in the test
tube rack and hold the hand lens to focus the sun's rays directly into the water. (See the illustration.)
Do this forfive minutes. Measure and record the final temperature of the water. Compute and record
the change in temperature. Repeat this procedure twice more (for a total of three trials).

4. Repeat the entire procedure in ill. for each of the other two test tubes.

5. Compute the calories of heat energy from sunlight absorbed by the water in each trial. Multiply the
mass of the water by the number of degrees the temperature changed. (Rememberthat one milliliter
of water has a mass of one gram.) Record these figures in the data table.

6. Compute the number of calories of energy received per square centimeter (of lens surface) per minute
in each trial. Record these figures in the data table.

7. Compute the percent efficiency of your collection of solar energy as compared to the solar constant.
Divide each of yourfigures by 1 .94ca1/cm2/min and multiply by 100 to get a percentage. Record these
figures in the data table.
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Student Sheet

DATA TABLE

CLEAR HALF-BLACK BLACK
TRIAL# TRIAL# TRIAL#

1 2 3 1 2 3 1 2 3

radius of lens (cm)

area of lens (cm 2; compute A 7rr2)

water (mI) 10 1 0 10 10 10 10 10 10 10

initial temperature (0C)

final temperature (0C)

changein temperature
(QC; computed)

time (minutes) 5 5 5 5 5 5 5 5 5

calories absorbed

calories/cm2! minute

solar constant (cal/cm2/min) 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94 1.94

percent efficiency compared to
solar constant
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MEASURING THE SUN'S POSITION

OBJECTIVES SUBJECTS:
General Science, Physical

The student will do the following: Science, Environmental Science

1. Define solar altitude, arc, and azimuth. TIME:
1 class period

2. Construct a diagram showing the sun's
path across the sky. MATERIALS:

compass, protractor, student
3. Describe seasonal differences in the sheet (included)

solar arc.

BACKGROUND INFORMATION

From the earth,the sun appears to rise in the east and set in the west. The daily path the sun travels across
the sky is called the solar arc. The height of the sun's position is known as its altitude, and its direction
is known as its azimuth.

On or about June 21-the summer solstice-the sun reaches its highest point in the sky. On or about
December 21-the winter solstice-the sun's peak is at its lowest. The length of the solar arc (or the
distance the sun travels from the east to west across the sky) is greatest on the summer solstice and
shortest on the winter solstice.

In the Tennessee Valley, on the summer solstice (June 21), the sun rises 15 degrees north of due east,
climbs at noon to a peak of 78 degrees altitude, and sets at 15 degrees north of due west. On December
21, the winter solstice, the sun rises 15 degrees south of due east, reaches a noon peak of 32 degrees
altitude, and sets at 15 degrees south of due west.

The summersun gives abundant sunlight, butthewintersun gives less sunlight dueto its shorterand lower
arc. These are important considerations when planning to utilize solar devices or to incorporate solar
design elements into a home or other buildiing.

PROCEDURE

I. Share the background information above with the students. Discuss the seasonal differences in the
path of the sun across the sky, including the terms solar altitude, solar arc, solar azimuth, and solstice.

II. Distribute copies of the student sheet (included) to the students. Demonstrate howto measure angles
to find the solar altitude and azimuth.

Ill. Take the students outside and supervise the activity.

IV. Continue with the follow-up below.
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FOLLOW-UP

I. What were the solar altitude and azimuth, as measured by the class? How did the solar arc compare
to the arcs for the winter and summer solstices?

II. Ask the students how they would construct a diagram for another season.

Using the information on the summer and winter arcs, it is possible to construct a diagram for any
season.

Ill. Ask the students to name some ways of constructing buildings to take maximum advantage of these
seasonal differences.

Buildings should be designed to gain more heat from the sun in winter and less heat in summer. For
example, roof overhangs should shade windows from the high summer sun but not from the low winter
sun. Features for heat gain or other utilizations of solar energy (e.g., photovoltaic cells) should face
as nearly true south as possible and their positions (the angles at which they tilt) should be
approximately equal to or slightly greater than the latitude of their location.
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Student Sheet

Diagram 1 MEASURING THE SUN'S POSITION

Instructions

ALTITUDE 1. Find the solar altitude by meas-
uring the angle between the
sun and the horizon. (See
Diagram 1.) Record the ap-
proximate angle here:

2. To find the solar azimuth, lo-
cate true south using a com-
pass. Then measure the angle
between a line pointing true
sourth and a line from the sun
to the horizon. (See Diagram
1.) Record the approximate
angle here: _____Measuring The Sun's Position

The solar altitude is measired by the angle between the Lun and
the horizon; the azimuth is the sun's position measured from the
south.

(Adapted from The So/ar -Yotie Book by Bruce Anderson with
Michael Riordan with the permission of Brick House Publishing
Co.. Inc)

Diagram 2

3. Using these two measure-
ments, construct a diagram

NOON showing the solar arc for the
particular season in which the
NON measurements were taken.

SUNSET (See Diagram 2.) Draw the
s w diagram in the space below.

SUMMER
SUNSET

SUNRISE

E N
SUNRISE
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MAKING A FLAT-PLATE COLLECTOR

OBJECTIVES SUBJECTS:
Industrial Arts, Environmental

The student will do the following: Science

1. Construct a flat-plate solar collector. TIME:
4-6 class periods

2. Explain how to use a flat-plate
collector with a conventional water MATERIALS:
heater. (for each group) 1 tube of caulk, 50-foot

garden hose, (2) 2" x 6" x 8' boards,
3. Describe the energy-saving advantages (1) 2" x 6" x 10' board, (1) 3' x 4' x 3/8"

of using a flat-plate collector. plywood, clear plastic sheet (5'6" x 8'6"),
1 styrofoam sheet (5' x 8'), (8) 16 penny
nails, (40) 8 penny nails, 75 tacks or
staples, student sheets (included)

BACKGROUND INFORMATION

A flat-plate solar collector can be used to pre-heat water before it enters a conventional water heater. For
example, if the tap water's temperature is 500 F and the hot water's temperature is 1 200F, then an electric
or gas water heater must further heat the water by 700F before it leaves the water heater. On the other
hand, if the sun heats the water to 850F, then a water heater has only to heat the water another 350F. By
using the free energy of the sun, water heating energy needs are cut in half. Substantial power bill savings
can be realized.

The volume of water pre-heated by the solar collector is limited by the size of the solar collector, but a
storage tank increases the amount of pre-heated water available to the conventional water heater. This
reduces the recovery time of the system when hot water is used.

A solar collector must be constructed in such a way as to maximize its efficiency as a heat trap. All cracks
(air leaks) must be sealed. The interior should be flat black. The collector must be well insulated, as should
the tube carrying the warm water away from the collector. The collector should face south and be placed
where there is no shade. The angle of the collector depends on the month, but on the average, the sun
is at an angle equal to the latitude, In the summer the sun is more nearly overhead, and in the winter it
is lower on the horizon. (See the activity "Positioning Solar Collectors for Increased Efficiency" for more
information on this topic.)

PROCEDURE

i. Share the information found in the section above with the students. Ask if any of them have solar
water heaters or fiat-plate collectors for pre-heating water at their homes.
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II. Divide the class into groups of eight to ten students each. Distribute the student sheets (included)
and the materials. Have each group divide the tasks in the instructions among its members. You may
build only one flat-plate collector for the class. If this is the case, distribute the tasks among the
students in order to involve each of them.

Ill. Have the students demonstrate the operation of their collector(s).

IV. Continue with the follow-up below.

FOLLOW-UP

I. What type of material would be more efficient than a garden hose for the tubing?

Coppertubing might work better for two reasons. First, copper is a better heat conductor than most
types of tubing. Less energy would be used heating the tubing, so more heat would be available for
heating the water. Second, copper tubing has a smaller diameter, so the heat would be applied to
a smaller amount of water (per length of tubing), making the water hotter than it would be in a larger
diameter tube or hose. There are some drawbacks, however. Copper tubing is expensive, and
special tools are required for cutting and bending it.

II. How does the flat-plate collector refill automatically?

When the hot water tap is opened, the water in the conventional water heater flows out of the faucet.
This lowers the water pressure in the conventional water heater. Water in the flat-plate collector,
which is under pressure, is then forced into the wafer heater. This in turn lowers the pressure in the
collector and water is forced into the collector, refilling it.

Ill. What can be done to increase the day-to-day efficiency of the collector?

Since the sun appears to move across the sky, a rigidly mounted collector is exactly perpendicular
to the sun's rays for only a moment each day. A device to rotate the collector, so that the collector
tracks the sun, would greatly increase its efficiency, but such devices are expensive and consume
energy. The sun's apparent path is also at a different height or angle each day. In the Northern
Hemisphere, the sun is at its lowest angle on about December 22, its highest on about June 21, and
at a midpoint angle on about March 22 and September 21. It could be practical to change the angle
of the collector each month according to the average height of the sun forthat month. (See the activity
"Positioning Solar Collectors for Increased Efficiency.")

IV. What businesses might benefit from solar water heating?

Any business which needs large amounts of hot water could save energy with solar water heating.
Examples are laundromats, car washes, restaurants, paper mills, motels, spas, and health clubs.

V. What are the environmental benefits of solar water heating?

The sun is a renewable resource, unlike coal, which is used to generate electricity, or natural gas,
which is used in a gas water heater. By using solar water heating, you are using less electricity. This
in turn decreases the environmental problems associated with power generation, such as air
pollution, hazardous waste generation, thermal pollution, and acid rain.
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VI. How does a flat-plate collector save the consumer money?

Pre-heating water with energy provided at no cost means that consumers use less energy for whichthey must pay (electricity or natural gas). If the cold water coming into a house is 500 F, a conventional
water heater must increase the water temperature by 700(for a water temperature of 1200). However,if the sun pre-h eats the water to 850F, an electric or gas water heater has to increase the temperature
by only 35". This cuts electricity or gas usage for water heating in half.

VII. If one is using a flat-plate collector, when is it best to bathe and do laundry?

The major drawback of any solar device is that it has no energy source at night. If a load of laundry
is washed in hot water or a bath is taken after dark, the water refilling a conventional water heater willnot have been pre-heated. The same is true of doing laundry or bathing in the early morning.
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Student Sheet

FLAT-PLATE COLLECTORS

Instructions

1. Construct a box to the following specifications. Caulk all the joints, completely sealing all the cracks.

PLYWOOD 2" X 6" X 3* CAULKING
(3' X 4-)

2" X 6" X 3'8"

2. Insulate the box with styrofoam sheets or other similar material. (Don't use fiberglass insulation as

it loses its insulating value when it gets wet.)

STYROFOAM

3. Drill holes for the entrance and exit of the hose. Insert the hose and arrange as shown in the following

diagram.

HOLES

HOSE
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Student Sheet

FLAT-PLATE COLLECTORS
(continued)

4. Fasten the hose into the box. Caulk all the openings around the hose.

5. Paint the interior of the box, including the insulation and hose, a flat black. NOTE: Certain spray paints
react with styrofoam. Try your paint on a scrap piece of styrofoam first.

6. Cover and seal the collector with transparent plastic, plexiglass, or glass.

7. Connect one end of the hose to a water outlet and the other end to a storage tank or directly to a
conventional water heater. As hot water is drawn from the water heater, the collector will refill
automatically.

CONNECT
TO WATER
SOURCE 

OPTIONAL WATER
STORAGE HEATER

TANK
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ORIENTATION OF SOLAR DEVICES

OBJECTIVES SUBJECTS:
General Science, Physical

The student will do the following: Science, Industrial Arts,
Environmental Science

1. Use a compass to determine the
orientation of the exterior walls of the school. TIME:

1 class period
2. Determine the degree of varience from true

south of the southern-oriented wall. MATERIALS:
compass, student sheets

3. Compare the orientations of the walls to (included)
observations of the amounts of sunlight
hitting them.

BACKGROUND INFORMATION

The effective use of energy-saving solar devices depends upon careful selection of their locations. The
collectors or cells must be oriented so that they receive the greatest possible amounts of solar energy.
To receive maximum amounts of sunlight throughout the year, the southern exposure of.a building and!
or the solar devices should be oriented as close to true south as possible. If this orientation is not feasible,
the direction may vary by up to 30 degrees east orwest of south. Thiswill result in only about a 10 percent
reduction of the amount of available sunlight. Deviations greater than 30 degrees from true south may
significantly affect the energy collection of the system.

45% OF MAXIMUM -

90% OF MAXIMUM 90% OF MAXIMUM
MAXIMUM AVAILABLE

SUNLIGHT
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PROCEDURE

I. Discuss with the students the importance of orienting solar devices or systems to maximize their
energy collection.

II. Demonstrate the use of the compass. Explain that the students will use compasses to determine the
orientations of the walls of the school.

Ill. Divide the class into small groups (or pairs). Distribute the student sheets (included). Direct the
students to the major exterior school walls. Have them determine the orientation of each major wall.

IV, When they determine which wall has the southernmost exposure, have them use the "Sun Finder'
student sheet and their compasses to determine the wall's degree of variance from true south.

VI. Continue with the follow-up below.

FOLLOW-UP

i. Which school walls face north? east? west? south?

II. How many degrees east/west of true south is the south-facing wall?

Ill. If variance from true south cannot exceed 30 degrees east or west without seriously affecting the
ability of a solar device located there to collect energy, is the southern wall of the school a suitable
place for a solar device?

IV. Ask the students to compare the data collected on the orientation of the school's walls to their
observations of the amounts of sunlight hitting the respective walls.

East-facing walls are exposed to morning sunlight but shadowed in the afternoon. The opposite is
true for western walls. Students may have observed that walls with a southern exposure receive
sunlight for more hours of the day throughout the year.

V. Askthe students for ideas as to how they might be able to demonstrate that the wall whose orientation
is nearest to true south receives more solar energy than other walls.
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Student Sheet

0
ORIENTATION OF SOLAR DEVICES

Instructions

1. Using the compass, determine the orientation of at least four walls of your school building that have
different exposures. Record in the data table the directions they face.

2. Return to the wall that is the most south-facing. Use the "Sun Finder" handout to determine the num-
ber of degrees east orwest of true south that the wall deviates. Record this data in the column called
"Degrees of Variance." (This will be the only entry in this column.)

3. Observe the exposure of each wall to sunlight at various times of the day. (If this is not possible, try
to recall each wall's exposure at other times of the day.) Describe the amounts of sunlight.

DATA TABLE

DESCRIBE
LOCATION ORIENTATION DEGREES OF DESCRIBE EXPOSURE

WALL OF WALL OF WALL VARIANCE TO SUNLIGHT

1

3

4

OTHER
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SUN FINDER
Find the exact Direction for your
Solar System Example

' r ~ Ground

WHAT YOU NEED
1. This page This Page r r' ,'

2. Compass Copas

WHERE TO PLACE jC

1. Using the compass, decide which wall faces -

closest to south / "

2. Place the arrows at the bottom of this page
against the face of the south wall

3. Put your compass exactly in the center of the
circle marked "COMPASS GOES HERE"

HOW TO USE
1. The compass needle will point to an angle

printed on this page
2. This angle will be either east or west of south -8 N - *

3. This will tell you how many degrees off south - rtt
your wall faces /N4

COMPASS
GOES HERE

OR,%~~~--

FACE OF WVALL
S-39
S-39



POSITIONING SOLAR COLLECTORS
FOR INCREASED EFFICIENCY

OBJECTIVES SUBJECTS:
Astronomy, Earth Science,The student will do the following: Environmental Science, Industrial
Arts

1. Explain the relationships between
latitude, the declination of the sun, TIME:
and the position of Polaris. 2 class periods

2. Define equinox and solstice. MATERIALS:
(for each group) compass,3. Determine latitude by constructing 1 drinking straw, tape, 1 protractor,a sextant or using a map. 6" of string, weight (e.g., small
nut), map showing latitude of
your location, solar collector
(or substitute), student sheets
(included)

BACKGROUND INFORMATION

For maximum energy-collecting efficiency, a solar collector
must be perpendicular (normal) to the incoming (incident) rays
of the sun. Obviously, the sun's position in the sky-and
therefore the angle of its rays-changes both hourly and 00-seasonally. In order for a solar device such as a collector to
capture the most energy possible, it must change position so
that its surface remains normal to the incident rays of the sun.
Mechanisms to rotate solar devices throughout daylight hours
exist, but they are much too expensive for home applications.
Ways to position or adjust solar devices to compensate for FLATPLATE COLLECTOR
seasonal differences in the sun's position may be very simple
and inexpensive, however.

As the earth moves in its orbit, its axis always points to the same point in space. The North Pole alwayspoints toward Polaris, the North Star. There is no southern pole star. In summer, the NorthernHemisphere is tilted toward the sun, while in winter the South Pole tilts toward the sun. To us then, thesun appears lower in the sky in winter and higher in summer.

TO POLARIS 
To POLARIS

EARTH 
EARTH

SUMMER IN NORTHERN HEMISPHERE WINTER IN NORTHERN HEMISPHERE
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The latitude of any given location is equaltothe numberof degrees that Polaris appears above the horizon

at that location. At the North Pole, for example, Polaris is directly overhead; the latitude is 900 North. At

the Equator, Polaris is on the horizon; the latitude is 00. The Tropic of Cancer is latitude 23.5" North. The

Tropic of Capricorn is 23.50 South. A sextant is a navigational device for determining the latitude of one's

position using the sighting of the North Star or another celestial body. Latitude may also be determined

by using a map and locating one's position in relation to the degrees of latitude given at the map's margins.

POLARIS

300 = LATITUDE AT POINT A

A

If a solar device is positioned at an angle equal to its latitude, the collector or cell will be exactly normal

to the sun's rays during the spring and autumn equinoxes. Three months after each equinox, the sun will

appear to have moved 23.50 in the sky as it is directly over one of the Tropics; these days are the solstices.

The solar collector will not work as efficiently at or about the time of the solstice because the sun's rays

will strike it at oblique angles, To increase efficiency easily, a solar device needs to be vertically

adjustable.
SUMMER SOLSTICE

EQUINOXES

23.5

WINTER SOLSTICE

LATITUDE

DGREES

CDATE VARIABLE)

Twice a year the sun's position is directly over the equator. On these days the length of the dayis exactly

equal to the length of night, hence the term equinox. The vernal (spring) equinox is on or about March

20, and the autumnal equinox is on or about September 22. The longest day of the year is when the sun

is at its highest point above the horizon. Summer solstice is on or about June 21 and marks the first day

of summer- The sun is at its lowest angle on winter solstice, on or about December 21, the first day of

winter. During summer solstice in the Northern Hemisphere, the sun is directly overhead at the Tropic

of Cancer. It is directly over the Tropic of Capricorn at winter solstice. The dates of the equinoxes and

solstices vary from year to year because our year is actually 365-25 days in length.
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PROCEDURE

I. Share the background information with the students. Use props such as charts, a globe and aflashlight, or a solar system model to help them understand the relationship of the sun and earth andits effect on solar collectors.

II. Distribute copies of the student sheet (included). If the activity "Making a Flat-Plate Collector" hasbeen done, this activity will follow it up. You may wish to have the students work in the same groupsin which they built the collectors. If flat-plate collectors have not been built, have the students use large(collector-size) pieces of plywood, cardboard, or some other durable material as substitutes.

Ill. Supervise as the groups or individuals follow the instructions on the student sheet to position theircollectors properly.

IV. Optional: If a collector has been built, have the class design a collectorstandwith adjustable positionsfor it, and then build the stand.

V. Continue with the follow-up below.

FOLLOW-UP

i. How can the principles of collector position be applied to the roofs of homes?

Because most flat-plate collectors are mounted on roofs, houses should be built with one roof facingsouth. Furthermore, the angle of the roof should be equal to or slightly greater than the degree oflatitude (because heating needs are greater in the winter than in the summer).

II. When using a collector that has month-by-month positions, on which day of the month should youmake the monthly adjustment?

Set the collector on the 7th of each month. The equinoxes and solstices occur on or about the 22ndof the month. The solar collector will be exactly normal to the incident rays on or about the 22nd, andmaking adjustments on the 7th will allow about 2 weeks before and 2 weeks after the 22nd for solarheat collection at near optimal conditions.

Ill. What is the advantage of having a system with only two positions (such as the one described in Ill.on the student sheet)?

You only have to service the collector twice a year (on September 22 and again on March 22).

RESOURCE

Magnoli, M.A., L.S. Douglass, and D.M. Ellis. Exolorina Earthand Space. River Forest, IL; LaidlawBrothers, 1980. (Page 257.)
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Student Sheet

POSITIONING SOLAR COLLECTORS
FOR INCREASED EFFICIENCY

Instructions

1. Determine your latitude. Either find your location on a map showing latitude or make a sextant. To

make a sextant, tie a weight (such as a small nut) on a string. Tie the other end of the string to a

protractor, knofting it around the protractor's straight edge. (See the diagram below.) Tape a drinking

straw to the straight edge of the protractor. Sight Polaris through the straw. To find Polaris, first find

the Big Dipper (Ursa Major); the two stars at the end of the dipper point to Polaris. Subtract the

number of degrees of the point where the weighted string crosses the protractor from 900. The

difference is the latitude of your location.

2. Using a compass, face your collector directly south. Tilt the collector at an angle equalto your latitude.

Now your collector will be directly facing the sun twice a year (on the equinoxes). On the average,

it will be satisfactorily in line with the sun throughout the year.

SUN

SOLAR COLLECTOR

90,

ANGLE -

DEGREE OF LATITUDE
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Student Sheet

POSITIONING SOLAR COLLECTORS
FOR INCREASED EFFICIENCY

(continued)

3. In winter, the sun is lower in the sky, and you also need more heat. It would help to tilt your collectorat a more efficient angle. It has been determined that increasing the tilt by 15" is the best singleadjustment you can make for the winter months. This puts the collector normal to the sun on aboutNovember 4 and again on about February 8. SEPT. 21
MARCH 22

NOV. 4
FEB. 8

8.50

DEC. 22 .

LAIR 15 (SUMMER)

LAT' ± 16 (WINTER)

(DATE VARIABLE)

4. For greater efficiency, you can make monthly adjustments. The sun's position changes by about 7.80per month. Thus, seven settings by which to adjust your collector will maximize your collector's
exposure to the sun's rays throughout the year.

O -DECEMBER
o -NOV, JAN.
o -OCT, FEB.
o -EPT., MARCH
o -AUGUST, APRIL
0 -JULY, MAY
0 -JUNE

7.80
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COMPARING COLLECTORS WITH
DIFFERENT EXPOSURES

OBJECTIVES SUBJECTS:
General Science, PhysicalThe student will do the following: Science, Environmental Science

1. Convert temperature change to units TIME:
of energy gained. 1-2 class periods

2. Compare the amounts of heat energy MATERIALS:
gained from sunlight at different exposures. (for each group) (4) 600 ml

beakers or glass jars, Celsius3. Determine which exposure results in the thermometer, water, clear
greatest heat gain. plastic wrap, student sheet

(included)
4. Identify ways to make the demonstration

more valid or comprehensive.

BACKGROUND INFORMATION

Solar energy is often used for home water heating, home heating systems in which heated water givesoff its heat into the air to warm homes, or for other systems using hot water. Water is a good substancefor short-term storage or transport of heat energy.

An easy way to demonstrate and compare solar heat gains is to find the temperature changes of volumesof waterwhich have been exposed to sunlight for a period of time. If different orientations receive differingamounts of sunlight, the amounts of heat energy absorbed by collectors with these different exposuresshould also differ. Given the properconversion factors, the temperature changes can be converted intounits of energy gained.

The amount of energy necessary to raise the temperature of one gram of water by one degree Celsiusat one atmosphere pressure is called a calorie. (This definition of the unit calorie is equivalent to thespecific heat capacity of water. The specific heat capacity of any substance is the energy required to raisethe temperature of one gram of that substance by one degree Celsius, and, for water, this quantity is onecalorie.)

The calorie is the unit of choice for scientific purposes, but another unit is used for the energy employedin heating and cooling systems for water and air. Utilities, technicians, and engineers use the Britishthermal unit (Btu) in this capacity. A British thermal unit is the energy required to raise the temperature
of one pound of water by one degree Fahrenheit.
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Oftentimes, Btu are converted to kilowatthours (kWh) to express the amount of electrical energy required

to produce a given amount of heating or cooling. The conversion factors for these units follow.

1 cal heat energy to raise temperature of ig H)2 by i0C *
1 Btu = heat energy to raise temperature of 1 lb H 2 by 1WF
1 cal = 0.00397 Btu 1 Btu = 252 cal
1 kWh = 3410 Btu 1 Btu = 0.000293 kWh

*Remember that ig H) has a volume of 1 ml or 1 cc.

The literature on solar heating systems uses all these units, particularly the Btu and the kWh. Familiarity

with these units and their relationships is a necessity.

PROCEDURE

I. Review the importance of the properorientation of solar collectors for increased energy gain. Discuss

solar heat gain/loss by water (in nature and in manmade systems, especially in solar energy systems).

II. Divide the class into groups of four orfive students each. Distribute the student sheet (included) and

the materials needed for the demonstration. Take the class outside and have the students set up the

demonstration.

Ill. Bring the class inside. While the water heats, explain the concepts and use of the calorie, Btu, and

kWh. (If the students have already covered this material, a review will suffice. If this has not been

previously taught, a class period may be required to teach this background.)

IV. Take the class back outside. Have the students take the final temperatures of their water samples.

Bring them inside again and help them with the calculations using the data they collected.

V. Continue with the follow-up below.

FOLLOW-UP

I. Based on the data collected from this experiment, which wall of the school receives the most sunlight?

The south-facing wall receives the most sunlight. (Compare data.)

II. Which wall would be best suited for placement of a solar device?

The south wall would be best, because it receives the most energy.

Ill. Is there a way to increase the amount of energy gained by the water?

Since various colors absorb or reflect light, different colors of paper around the jaror beaker may affect

the amount of heat absorbed. A different covering material might admit more sunlight and insulate

better. The jars could be insulated to better retain the heat they gain. The sunlight could be

concentrated.
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Student Sheet

COMPARING COLLECTORS WITH DIFFERENT EXPOSURES

Instructions

1. Carefully measure 500 ml of water into each of the 4 containers. Measure and record the initial tem-perature of the water. (Note: Start with room temperature water.) Cover each with clear plastic wrap.

2. Determine which school walls face north, south, east, and west. Place one container at each wall.Aliow each container to stand in the sunlight for 45 minutes. Measure and record the finaltemperature.

3. Subtract the initial temperatures from the final temperatures to find the temperature differences.Record the temperature changes for each container.

4. Calculate the numberof calories of energy gained by each of the containers of water. (Use the spaceat the bottom of the page.) Use this equation:

Heat gained (cal) = mass water x specific heat capacity of water x temperature difference
=g x 1 cal x0 'C

1 g - VIC
Record the number of calories of heat energy gained by each container.

5. Convert the calories each gained to Btu and kWh. Record these figures.

DATA TABLE

initial final temp. cal Btu kWhExposure temp. temp. difference gained gained gained
(CC) (0C) (CC)

NORTH

EAST

SOUTH

WEST

Calculations
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TESTING THE ELECTRICAL OUTPUT
OF SOLAR CELLS*

OBJECTIVE SUBJECTS:
Physics, Physical Science

The student will measure the electrical
output of photovoltaic cells in both TIME:
parallel and series arrangements and 2 class periods
in varying conditions.

MATERIALS:
(for each group) four 2.5 x 2 cm silicon
solar cells, 2 feet thin-gauge wire (26
gauge or thinner), 8 small alligator clips
(4 red, 4 black), voltmeter, corrugated
cardboard, scissors or razor knife,
soldering iron and solder, masking tape,
marking pens, protractor, thumb tack,
pencil, student sheets (included)

BACKGROUND INFORMATION

Elecincity is the flow of charged particles through wires. These particles gain energy from a source such
as a battery, a generator, or a solar cell and transfer this energy to a load, such as a light bulb, a motor,
or an appliance. The particles then return to the source to complete the circuit. The units that measure
the electromotive force ("push") given to the electrons in the source are called volts.

The flow of electricity can be compared with the flow of waterthrough a pipe. Electric current is the flow
of electrons through a wire and is measured in units called amperes. Water flowing through a pipe is
usually measured in gallons per second. Adding a pump to the water system adds pressure which can
push the water faster. Adding "pressure" to an electrical system is done by increasing the voltage. When
waterunderpressure turns awaterwheel, work is done (the wheel turns), and the waterloses its pressure.
Electric current loses its energy when it goes to a load and does work.

PROCEDURE

I. Share the background information and the information on solar cells in the overview at the chapter's
beginning with the students.

II. Divide the class into groups of four or five students each. Distribute the materials and the student
sheets (included). Caution the students to be very careful as they handle the solar cells and to
exercise extreme caution in using the soldering iron- (You may wish to prepare the cells beforehand
to save time and/or reduce the likelihood of accidents.)

Ill. Take the class outside and supervise as the students complete the steps listed on the student sheets.

IV. Bring the class back inside and continue with the follow-up.

* Adapted from an activity developed by the Georgia Solar Coalition, Inc. Refer to the resource listing at
the end of this activity.
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FOLLOW-UP

I. Discuss the data collected by the students.

II. What are the problems associated with mounting a solar cell in a fixed position?

As the sun moves on its daily path across the sky, the angle of the incoming rays changes. If solar
cells are mounted to be at the optimal angle at noon, they will not adequately receive the sun's energy
in the morning or evening. Also, the angle of the incident rays changes seasonally. The perfect solar
cell mounting would have two features. First, it would "track" the sun from dawn to dusk and reset
itself for the next day. Second, a perfect system would tilt its angle slightly every day to accommodate
seasonal changes in the tilt of the earth.

Ill. What is the main drawback to the use of a "perfect" tracking system as described above?

The technology is available to make such a system possible, but the cost is prohibitive. Remember
that the purpose of a solar cell is to produce power. A tracking system uses power. Energy used
negates energy produced; the net electrical output is reduced. Such a tracking system might require
more energy than the cells could produce.

IV. Why don't we all have solar cells covering our roofs and eliminate our power bills?

Large arrays of solar cells are very expensive. Also, we have no efficient way to store electricity for
use during the night or on cloudy days. An average house would need a basement full of automotive
batteries to store enough electricity to provide power throughout the night at normal rates of usage.
A break-through in solarcell manufacturing, especially in silicon refining, might certainly be awelcome
event in our energy-hungry world.

RESOURCE

Georgia Solar Coalition, Inc. Solar Science Proiects. Atlanta: Governor's Office of Energy Resources,
n.d.

This publication is available from:

Governor's Office of Energy Resources
270 Washington Street, Suite 615
Atlanta, Georgia 30334
(404) 656-5176
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Student Sheet

TESTING THE ELECTRICAL OUTPUT OF SOLAR CELLS

Instructions

1. Prepare the cells. Since silicon solar cells are fragile, handle them carefully to prevent breaking. Use
a small soldering iron (less than 50 watts) and carefully solder 3-inch pieces of thin wire to the negative
and positive sides of each cell. The front of the cell is negative and the back is positive.

2. Attach a red alligator clip to the positive lead wire and a black clip to the negative wire on each cell.
These leads will enable you to connect the cells in different ways.

3. Make a mountingforthe 4cells using apiece of heavy, double-faced corrugated cardboard. Cut holes
all the way through the cardboard, trimming the cardboard faces differently to form ledges on which
to mount the cells. Be sure to cut away the back of the cardboard to prevent overheating. Label each
cell using letters or numbers. You have now made a photovoltaic (PV) cell module.

4. First, test the cells. On a clear, sunny day, place the cell module in the sun at an angle perpendicular
to the sun's rays. Set the voltmeter to the lowest DC reading. Connect the voltmeterto each cell, one
at a time, with the alligator clips. Make a note of the voltage of each cell. Each cell should produce
the same number of volts (about 0E5V) and amps (2A). It one of your cells produces a significantly
different value, replace it and test the new cell.
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Student Sheet

TESTING THE ELECTRICAL OUTPUT OF SOLAR CELLS

(continued)

5. You are now readyto determine the voltage and
amperage of different arrangements of the cells.
The first arrangement is a series arrangement. +
Referring to the diagram, hook two cells to-
gether in a series and connect it to the voltme-
ter. Record the voltage and amperage. Now +
add the third cell and re-test. Finally, add the +
fourth and re-test. Record the readings in Data
Table 1.

0~~~~~~~~

6. Nowtest parallel arrangement, Referringtothe
diagram, hook the first two cells together and
test for voltage and amperage. Add the third ++
and then the fourth. Record the data in Table 2.

PARALLEL CIRCUIT SERIES CIRCUIT

7. Examine the effect of shading. Connect the cells in a series. Record the voltage and amperage in
Data Table 3. Now totally shade one cell with a small sheet of paper or by holding your hand over
it. Test for voltage and amperage and record the readings. Hook the cells in a parallel arrangement
and conduct the same shading test. Record the data.
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Student Sheet

TESTING THE ELECTRICAL OUTPUT OF SOLAR CELLS

(continued)

8. Examine the effects of changing the angle of the cells to the rays of the sun. Use one cell in the
cardboard mounting. On a clear, sunny day, test the output of the cell at various angles to the sun.
Stand a pencil on its eraser on the cardboard mount. Pierce through the cardboard and the eraser
(from the back side) with a thumb tack to attach the pencil to the mounting. Hold the cardboard so
that it is normal (perpendicular) to the sun's rays. When it is exactly normal, the pencil will cast no
shadow. Hold the protractor against one edge of the mounting and tilt the mounting. Its angle can
be determined by reading the protractor. (Refer to the diagram.) Take voltage and amperage
readings at several different angles, including 90o. Record the readings in Data Table 4.
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Student Sheet

DATA TABLES

TABLE 1 - SERIES ARRANGEMENT

NUMBER OF CELLS VOLTAGE AMPERAGE

2

3

4

Does the voltage or amperage increase with each additional cell?

TABLE 2 - PARALLEL ARRANGEMENT

NUMBER OF CELLS VOLTAGE AMPERAGE

2

3

4

How does the voltage or amperage change?

TABLE 3 - EFFECT OF SHADING

ARRANGEMENT AND SHADING VOLTAGE AMPERAGE

SERIES, UNSHADED

SERIES, 1 CELL SHADED

PARALLEL, UNSHADED

PARALLEL, 1 CELL SHADED

Describe the effects of shading in these tests.
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Student Sheet

DATA TABLES
(continued)

TABLE 4- EFFECT OF ANGLE

ANGLE TO THE SUN VOLTAGE AMPERAGE
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MEASURING A SOLAR COLLECTOR'S
HEAT GAIN USING A THERMOCOUPLE*

OBJECTIVES SUBJECTS:

The student will do the following: Physics, Physical Science
TIME:

1. Construct a thermocouple that can be 1-2 class periods
used to measure heat difference.

MATERIALS:
2. Use a thermocouple to measure solar (for each group) 1 millivoltmeter, 1 meter of

energy gain in a very simple flat-plate copper wire, 1 meter of constantan wire, 1
collector. insulated container filled with water and ice, 1

piece of styrofoam (60 x 60 x 5 cm), 1 piece of
aluminum foil (painted black, 60 x 60 cm), 1 hea
lamp (optional), 1 watch or clock, white glue,
pliers, wire cutters, student sheets (included)

BACKGROUND INFORMATION

The efficiency of a solar collector is usually determined by the amount of temperature change in the
collector surface or some type of fluid (such as air or water). Typically, a thermometer is used for
measuring this temperature. An alternative method of measuring temperature is a pair of twisted wires
known as a thermocouple.

When two wires of certain kinds of materials are twisted around each other and heated, an electrical field
is set up which creates a current in the wire that is proportional to the amount of heat applied. When
another twist of wire is placed in a reference container (usually at 0) , the difference in electrical potential
can be measured on a voltmeter capable of measuring millivolts. The number of millivolts produced will
be an accurate measure of the heat in the twist of wire. Many physics and chemistry reference books
contain tables which convert the millivoltage of the thermocouple to the temperature using a set reference
such as the ice-water equilibrium mixture. The table provided in the instructions is forthe thermocouple
made with copper and constantan wires. Other wire combinations are possible but require the use of a
different table.

PROCEDURE

i. Share the background information with the students. Distribute the student sheets (included) and
explain they will be building a very simple solar collector model (the styrofoam with the blackened foil)
and a thermocouple. The termocouple will be made of copper and constantan wires. Constantan is
an alloy of almost equal parts of copper and nickel.

II. Divide the class into groups of four or five students each. Provide the materials and have each group
construct the apparatus for the activity. Take the students outside to collect the data (or if need be,
use heat lamps inside). Supervisetheircompletionof the instructions. Bring them backinside to finish
the data table.

0*Based on an activity published by the U.S. Department of Energy. See the resource listing at the endof this activity.
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Ill. If time or materials are very limited, you may wish to construct one apparatus for the whole class and
conduct the activity as a demonstration.

IV. Continue with the follow-up below.

FOLLOW-UP

I. Have the students summarize the results of the activity.

II. Are there any practical uses for thermocouples?

Thermocouples made of platinum and a platinum/rhodium alloy are used to indicate temperatures
up to 1700C. (High temperatures cannot be measured with a mercury thermometer.) Thermo-
couples can be placed in remote or hazardous places which cannot easily or safely be reached with
an ordinary thermometer. Thermocouples are just one type of thermoelectric device. All thermo-
electric devices work on the same principles. Some are used to provide electricity in circumstances
where normal generators cannot be used. For example, some are used to provide power for
satellites by tapping the heat of radioactive isotopes. Plutonium-238 was used as a heat source by
Apollo astronauts to power thermoelectric equipment for lunar experiments.

Ill. How is electricity produced in a thermoelectric device?

Energy cannot be destroyed or created, but it can be changed in form. In this case, heat energy is
absorbed by metallic wires and causes electrons to flow, producing electrical energy. The process
goes in the opposite direction, too. Electric current flowing through wires causes them to heat up.

IV. Can thermocouples be made of anything other than metal?

Yes;certain semiconductors showthermoelectric properties and even perform the heat-to-electricity
conversion betterthan metals. Modules made of stacked wafers of these semimetals may eventually
provide great quantities of electricity. Waste heat from rocket exhaust, for example, might be
converted to electricity for use in space vehicles.

RESOURCES

Omega Engineering, Inc. Comllete Temperature Measurement Handbook and Encvclopedia. Stamford,
CT: Author, 1985. (pp H-20 and T-45)

U.S. Department of Energy. "Measuring the Heat of a Solar Collector Using a Thermocouple," Activities:
Chemistry and Physics. Washington, D.C.: Author, 1979.

Thermocouple wire is available from Omega Engineering. Contact:

Omega Engineering, Inc.
P.O. Box 4047
Stamford, CT 06907-0047
ATTN. Sales Department (Ron Corda)
(203) 359-1660
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Student Sheet

MEASURING A SOLAR COLLECTOR'S
HEAT GAIN USING A THERMOCOUPLE

Instructions

1. Cut the copper wire in half. Join the end of one piece of the copper wire to one end of the constantan
wire, twisting them so that about 10 tight turns are made (you may need pliers).

2. With a nail, make two holes through the
center of the styrofoam about 2 cm
apart. Feed one of the wires through
each of the holes. The twisted ends of
the wires should lie against the styro-
foam and the free ends should be fully
extended. (See the diagram.)

3. Carefully glue (in only 2 or 3 spots) the black-painted aluminum foil to the outside of the styrofoam
sheet, over the wire twist. The foil serves as an absorber plate. Be sure the black side faces outward.
Be careful not to tear the aluminum foil on the rough ends of the wire. Twist the free end of the
constantan wire together with the other half of the copper wire as directed in the first step.

4. Carefully take your equipment outside. (If full sun is not available, use the heat lamp inside.) Place
the second constantan/copper twist in the insulated jar filled with ice and water. Connect the
millivoltmeter to the two free copper wires. It the voltmeter does not show a reading, switch the
terminals (so that the voltage reading is positive). (Refer to the diagram for the complete set-up.)

5. Take a voltage reading immediately after the set-up is completed and again every minute for 15
minutes. Record the data in the table.

6. At the end of the 15-minute period, carefully disassemble your equipment so that all the pieces may
be used again.
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Student Sheet

MEASURING A SOLAR COLLECTOR'S
HEAT GAIN USING A THERMOCOUPLE

(continued)

7. After returning to the classroom, use the conversion chart to determine the approximate temperature
of the collector at each measurement. Record the approximations in the data table. Plot the data-
temperature versus time-on a graph.

TEMPERATURE - VOLTAGE READINGS FOR A
COPPER - CONSTANTAN THERMOCOUPLE

OF OC MILLIVOLTS

0 -17 -.67
10 -12 -.47
20 -6 -.26
30 -1 -.04
40 5 +.17
50 10 +.39
60 15 +.61
70 21 +.83
80 27 +1.06
90 32 +1.29

100 38 +1.52
110 43 +1.75
120 49 +1.99

130 55 +2.23

140 60 +2.47
150 66 +2.71

160 71 +2.96

170 77 +3.21

180 82 +3.46
190 88 +3.71

200 93 +3.97

210 99 +4.22
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Student Sheet

DATA TABLE

APPROXIMATE
MINUTES my TEMPERATURE(0 C)

0

1

2

3

4

5

6

7

8

* 9

10

11

12

13

14

15

0
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A SOLAR COMMUNITY

OBJECTIVES SUBJECTS:
General Science, Economics,

The student will do the following: General Business

1. identify the features of solar buildings. TIME:
4-5 class periods

2. Analyze the feasibility of solar homes
in his/her community. MATERIALS:

various materials on home solar
3. Apply effective marketing techniques energy applications

in the development of a sales campaign.

BACKGROUND INFORMATION

In this activity, the students will act as consultants for an imaginary building project. The developers of
the proposed West Estates subdivision have come to this class for advice. They are considering the
feasibility of making West Estates a model solar subdivision for this area. The site is characterized as
rolling woodland. (You and/or yourclass may set additional parameters concerning West Estates as you
wish.) Your class must develop a marketing plan that the developers would be able to use should they
decide to pursue the development of a solar community.

PROCEDURE

I. Have the class brainstorm to list questions that the West Estates developers will need to answer
before deciding on whether or not to pursue the project. Some questions should concern the cost
effectiveness of solar houses; design features of solar houses; the degree to which the land should
be cleared; how to orient the houses (how to face their solar features); and the salability of solar
features such as solarwater heaters, greenhouses, sunrooms, and solar heating systems. Group the
questions by topic. Add any relevant topics that were omitted.

II. Divide the class into groups, assigning each group a set of the questions to research. (Utilize the
library or make materials available in the classroom for this research.) Give the groups a time limit
on their research.

Ill. Have the groups report back to class with the answers to their sets of questions. Encourage a variety
of reporting techniques (e.g., charts, graphs, illustrated talks).

IV. Now have the class develop a marketing plan to help sell solar homes to pdtential buyers. Have
another brainstorming session to compile a list of the salable features of West Estates to be
emphasized in the sales campaign.
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V. Divide the class into four groups, one for each of the types of media listed below. Have each group
design an advertising campaign for West Estates and prepare appropriate samples.

a. Newspaper advertisements
b. Brochure to distribute to prospective buyers
c. Radio/TV commercials
d. Thirty-minute presentation for use with professional and civic groups

Each group might select a product sold through its medium and do an analysis of the techniques used
to market the product. The techniques can then be adapted to the West Estates sales campaign.

VI. Have each group present its campaign to the class.

VII. If possible, plan a field trip to a solar home (or homes) in your area.

N-61
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GLOSSARY

active solar energy system: a solar energy system which transports heat from the collectorto the areawhere the heat is needed by using (usually) water or air; employs mechanical parts such as pumpsor fans.

ampere (A): the SI unit of electrical current.

angle of incidence: the angle between incoming light rays and a line perpendicularto the earth's surface
(or the surface of a solar collector).

calorie: a unit of energy used to express quantities of heat; when spelled with a lower case c, refers tothe quantity of heat required to raise the temperature of 1 g of water by 1 0C; when spelled with a capitalC, it means 1000 small calories or 1 kilocalorie (food energies in nutrition are always expressed inCalories).

carnivore: a flesh-eating or predacious animal.

conductor: an object or substance through which heat flows easily; opposite of insulator.

constantan: an alloy of nearly equal parts of copper and nickel.

declination: the sun's height in the sky, measured in degrees from the horizon.

electricity: a flow of electric current (electrons) produced in a useful form, i.e., as a source of power,

energy: the ability to do work.

environment: the physical and biological surroundings of an organism.

equinox: a calendar day when the length of the day equals the length of the night; the earth's tilt is suchthat the sun is directly overhead at the equator; the vernal equinox is the first day of spring, and theautumnal equinox is the first day of fall.

First Law of Thermodynamics: the natural law stating that energy cannot be created ordestroyed, onlychanged in form; also known as the Law of the Conservation of Energy.

flat-plate collector: a box-like device used to trap solar heat; is usually black, insulated, and glass-covered and is most often used to heat water; often mounted on roofs-

generator: a machine that converts mechanical energy into electrical energy.

herbivore: an animal that feeds on plant matter exclusively.

hydropower: energy obtained from moving water;forexample, the mechanical energythat powers water
wheels, or the electricity produced from the energy of falling water.

ice bath: a container of ice which also contains enough water to fill in the air spaces between the pieces

* of ice.
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insulation: a material which prevents or retards the flow of heat.

isotopes: atoms of an element which have the same number of protons but different numbers of neutrons

(i.e., the same atomic numbers but different atomic masses).

kinetic energy: the energy of a body that is a result of its motion, rather than its position.

latitude: the angular distance north or south of the equator on maps and globes; the equatoris QO latitude.

mass: the amount of matter present in a sample; the unit of measurement for mass in the SI system is

the kilogram (kg).

metabolism: the physical and chemical processes involved in maintaining life.

millivolt (my): one thousandth of a volt of electricity.

normal: being perpendicular or at right angles.

passive solar energy system: a solar energy system which traps heat energy but does not transport
it to another area for use; generally does not have any mechanical parts; a greenhouse is an example.

photosynthesis: the chemical process by which green plants convert the radiant energy of sunlight to

the chemical potential energy stored in the carbohydrates they form from water and carbon dioxide.

photovoltaic cell: a device which converts the energy of sunlight directly to electrical energy.

Polaris: the North Star; used in navigation to indicate true north.

radioactive: describes a substance in which unstable nuclei spontaneously emit radiation (alpha or beta
particles or gamma rays).

solar altitude: the height of the sun's position in the sky.

solar arc: the apparent path of the sun across the sky.

solar azimuth: the position of the sun in the sky, measured from true south.

solar energy: the radiant-light and heat-energy from the sun.

solstice: eitherof the calendardayswhen the earth's tilt, respective to the sun, is greatest; atthe summer
solstice-the first day of summer-the sun is directly overhead at the Tropic of Cancer: at the winter

solstice-the first day of winter-the sun is directly overhead at the Tropic of Capricorn.

semiconductor: a solid crystalline substance which conducts electricity when certain materials are

added in very small quantities; used in transistors, computer chips, and photovoltaic cells.

styrofoam: generically used trade name for a styrene plastic that is a good heat insulator; rigid,

lightweight, and commonly used forice chests, drinking cups, home insulation, and many other items.

System International d'Unltes (SI): French term which translates to International System of Units; the

modernized metric system which is in nearly universal use.
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thermocouple: a thermoelectric device for measuring heat; the amount of electricity produced in its two
different metals as a result of the heat to which part of it is exposed is detected and can be used to
determine the temperature difference; can be used in many situations inwhich a thermometercannot.

thermoelectric device: a device that makes use of the electrical current induced in a closed circuit made
of certain dissimilar metals when a temperature difference is maintained between the parts of the
circuit.

turbine: a device in which a bladed wheel is turned by the force of falling water or steam and which is
connected by a shaft to a generator.

turbogenerator: a turbine/generator apparatus for converting water or steam power to mechanical
energy and then to electrical energy.

volt (V): the SI unit for the measurement of electrical potential and electromotive force.

voltmeter: a device for measuring volts of electricity.

watt (W): the SI unit for power; the amount of power capable of producing energy at the rate of one joule
per second.
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Build and Remodel for Energy Efficiency. Available through County Cooperative Agricultural Extension
Services, Western Kentucky Regional Office.

Butti, K., and J. Perlin. A Golden Thread: 2500 Years of Solar Architecture and Technology. New York:
Van Nostrand Reinhold, 1980.

The Centerfor Renewable Resources. Renewable Energy atthe Crossroads. Washington, D.C.: Author,
1985.

Clark, W. Eneroy for Survival: The Alternative to Extinction. Garden City, NY: Anchor, 1975.

Crowther, R. L. Sun/Earth: How to Use Solar and Climatic Energies. New York: Scribner, 1977.

Ewers, W.L. Solar Energy.,A Biased Guide. Northbrook, IL: Domus, 1979.

The Future of the South. Home Enerav Environment. Birmingham, AL: Southern Living, 1981.

Gadler, S. J. Sun Power: Facts about Solar Energy. Minneapolis: S. J. Lerner, 1978.

Komp, R. J. "Photovoltaics in Space." Solar Maaazine, November/December 1984.

Kreider, J., and R. Kreith. Solar Energy Handbook. New York: McGraw-Hill, 1981.

Leon, G. deL. Enerav Forever: Power for Today and Tomorrow. New York: Arco, 1982.

Maycock, P., and E. Stirewalt. Photovoltaics: Sunlight to Electricity in One Step. Andover, MA:Brick
House, 1981.

Mazria, E. The Passive Solar Eneray Book. Emmaus, PA: Rodale, 1979.

Meador, R. Future Energy Alternatives. Ann Arbor, MI: Ann Arbor Science Publishers, 1979.

Merrigan, J. A. Sunlight to Electricity. Cambridge: Massachusetts Institute of Technology, 1975.

Metz, D. Superhouse. N~p.: Garden Way, 1981.
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Michaels, T. Solar Energy Utilization. NewYork: Van Nostrand Reinhold, 1979.

Mueller, S. J., and P. Jones. Solar Energy: How to Make It Work for You. N~p.: Butterick,1980.

Phillips, 0. The Last Chance Enerav Handbook. N.p.: Owen Phillips, 1979.

Power Systems Group/Ametek, Inc. Solar Enerav Handbook. N~p.: Chilton, 1979.

Reif, D. K. Solar Retrofit. Andover, MA: Brick House, 1981.

Ridgeway, J. Energy Efficient Community Planning. Washington, D. C.: American Planning Association,
1979.

Ruedisili, D. C., and M. W. Firebaugh. Perspectives on Energy. London: Oxford University Press,1 975.

U.S. Department of Energy. Solar Energy. Washington, D.C.: Author, 1982.

Winter, Stephen, Associates, Inc. The Passive Solar Construction Handbook. Emmaus, PA: Rodale,

1983.

NOTE: TVA's Office of Power and Land Between the Lakes published many brochures, booklets, and
other publications dealing with solar energy in the 1970s and 1980s. While these are now out of print,
they may be on file in many libraries and in TVA's university-based centers for environmental education.
Check the listing of centers in the front matter of the 'Sourcebook" forthe address and telephone number
of the center nearest you.
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ENERGY CONSERVATION

Energy usage surveys indicate that over 90 percent of the materials and goods produced in the United
States result from the use of nonhuman energy. In other words, we are extremely dependent upon fuel-
consuming machinery. As our technologies developed, especially during the 19th and 20th centuries,
energy demands soared. Energy has generally been abundant, inexpensive, and available in varied
forms throughout most of human history. This has encouraged heavy consumption of many energy
resources, among them nonrenewable fossil fuels.

With seemingly limitless supplies of energy, Americans gave little thought to conserving resources. Even
when demands for energy exceeded domestic supplies of oil and the United States began to import oil,
most Americans assumed that the supply was inexhaustible. In 1973, however, the Organization of
Petroleum Exporting Countries (OPEC) stunned the world when its Arab members not only shut off their
pipelines to industrialized nations, but also more than doubled the price of crude oil. Suddenly, Americans
began to speak of an "energy crisis." With public attention focused on energy issues, many people began
to understand that the fossil fuels on which we depend are finite resources and cannot be relied upon to
provide our energy needs indefinitely. We began to realize that both alternative sources of energy and
a conservation ethic must be developed.

Conserving energy does not mean depriving oneself of comforts and conveniences. The days of
inexpensive energy may be gone, but the enjoyment and opportunities derived from using energy are not.
Conservation simply means using energy wisely and efficiently. Some conservation measures can
involve expenditures (e.g., special materials or equipment), but there are many ways to conserve energy
without spending money.*he first step in any major effort to conserve energy is to change our society's attitude toward energy
consumption. We have many wasteful habits and inefficient uses of energy. By changing personal habits
and energy usage patterns, purchasing and properly using energy-efficient appliances, and eliminating
unneccessary waste in our homes and other buildings, we can conserve energy and at the same time
save money. Wasting energyis no longeracceptable in eitherourbehaviororourequipment and facilities.
For example, public buildings and individual homes can waste a great deal of energy. Buildings (including
schools) are often too warm in the winter and too cool in the summer. Some buildings' window space is
poorly planned for energy efficiency. The amount of window space, window orientation, and the type of
windows all aff ect the energy efficiency of buildings. One square foot of window space for every 1 0 square
feet of floorspace is the ideal amount. In cool climates, more windows should be installed in south and
west walls to maximize solar heat gain, while in warm climates, fewer windows should be placed in south
and west walls. Double-pane, heat-reflecting, or heat-absorbing glass in windows can provide further
energy savings. Improper or indequate insulation and weatherproofing contribute to energy inefficiency
in buildings. If a building is well sealed, warm airwill not escape through leaks and be replaced by cold
air which must then be heated. Caulking and weatherstripping, along with proper insulation, can
significantly reduce waste, especially when we practice energy conservation in our daily habits. Setting
thermostats correctly, limiting the use of energy-wasting appliances, and prudently using hot water can
significantly lower energy consumption.

Transportation is another major every-day energy usage in which much energy is wasted. Americans
burn nearly 200 million gallons of gasoline in their cars every day. This amounts to half of the total energy
consumption of the transportation sector. Ourcountry has 40 percent of the world's automobiles, and half
of the automobile gasoline used in the world goes into their tanks. Developments in automobile design
and efficiency are on the rise, but we must conserve fuel by properly maintaining personal vehicles,
eliminating unneccessary driving, carpooling, and making greater use of public transportation.
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American society is considered a wasteful, "throw-away" society. We consume many more resources
per capita than people in other countries, even those with comparable standards of living. We produce

about 150 million tons of residential solid waste every year, but reclaim only 12 million tons. Not only do
we throw away natural resources; we even pay fortheir disposal. Recycling is one of this country's most
promising means for saving energy and resources. Recycling a discarded aluminum can would save
enough energy to light a 1 00-watt light bulb for 20 hours. (Recycling aluminum saves over 95 percent of
the energy needed to make aluminum from bauxite ore.) Other recyclable items pack similar energy
punches. For example, recycling paper requires 60 percent less energy; glass requires 35 percent less
energy; and scrap metal requires 75 percent less energy. Recycling used oil could save millions of gallons
of oil per year. Not only does recycling affect the economic situation, but it also reduces environmental
effects.

Can Americans reduce their energy use without cutting back on the comforts and conveniences on
modern living? The answer is yes. In fact, we already have. The 1 0 percent reduction in our total energy
use since 1979 is a good start. We still have many inefficient energy-consuming systems, but we now
know how to design more efficient vehicles, buildings, and machines so that they require less energy. We
can operate existing systeqris more efficiently. These efforts to conserve nonrenewable resources

increase our supplies as if we had created a new kind of fuel.

In the Tennessee Valley, where electricity was generated first from hydropower (now mostly from coal),
energy has traditionally been cheap and abundant. This encouraged heavy use of electricity. The surge
in fuel prices and the phenomenal increases in construction costs for new power plants caused the
Tennessee Valley Authority (TVA) to embark on a major conservation effort in the late 1970s. TVA's
conservation programs resulted in energy savings equivalent to the generating capacity of one large plant
in the '70s and '80s. Over a million homes were audited; 630,000 of them were weatherized. Almost
60,000 inefficient systems were replacedwith heat pump home heating/cooling units. Thousands of other
energy-saving improvements-such as the installation of solarwater heaters-were also made as a result
of TVA energy conservation programs. The success of these programs has made them a model for many
other such efforts.

Although Americans are already saving about $150 billion a year by conserving energy, increasing our
conservation efforts on all fronts could save an additional $220 billion a year, without significant sacrifices
or changes in our lifestyles. For most of us, the changes in our use of energy would not be fundamental
ones. We would be slightly cooler in winter and warmer in summer. We would make our purchases with
a view towards efficiency and recyclability, and away from throwaway packaging. We would drive smaller
cars at slower speeds, make greater use of public transportation, and walk more. We would turn off things
we are not using. We would not return to the energy use pattern of the past, but we might well return to
the spirit of the slogan that was so popular during World War II: "Use it up, wear it out, make it do, or do
without."

We cannot afford to become complacent about energy conservation. The current oil glut and its
accompanying low energy prices cannot last forever. It is extremely short-sighted to think that
conservation efforts are no longer important or necessary. As we consume nonrenewable energy
resources, we must remember that using them wisely and efficiently-conserving energy-benefits our
personal pocketbooks, the environment, and our Nation, as well as benefiting those who come after us.

C-
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*) TO CONSERVE OR NOT TO CONSERVE

OBJECTIVES SUBJECTS:
General Science, Physical ScienceThe student will do the following:

TIME:
1. Present his/her own ideas of how energy 5± class periods

is wasted at home and at work.

MATERIALS:
2. Analyze information on ways to conserve Each student sheet (included) identifiesenergy, specific materials and requirements for

the completion of the activity.3. Develop and present a program on how to
save energy in a specific area.

BACKGROUND INFORMATION

The most cost-effective and sensible approach to today's energy problems is practicing energyconservation. Each of us must realize that we cannot continue using energy at our present rate ofconsumption; we must look for ways to decrease our energy use. We can achieve this by being goodconsumers and changing habits that waste energy. Areas where each of us can have an impact onconserving energy are heating and cooling our homes; use of hot water in the kitchen, laundry, and bath;lighting and use of appliances in our homes and work places; and wise and proper use of transportationsystems.

PROCEDURE

i. Introduce the concept of energy conservation to the class.

II. Ask the students to help you generate a list of reasons it is important for people to conserve energy.Leave this list in a visible place where students can refer to it. (You might use a flipchart.)

Ill. Give the "Test Your Energy IQ" test (included) to the students as a pre-test. Have them grade theirown tests.

IV. Divide the class into four or five groups depending upon whether you wish to have your studentsaddress commercial and industrial energy conservation. Assign each group one of the studentactivity sheet sets- The groups are to complete the activities, then develop presentations based ontheirfindings. Encourage them to do further research and make visual aids, and tell them that theirjob is to convince their classmates to conserve energy. Allow time for all the in-class procedures: oneperiod forthe students to plan (as a group) how they will complete theirgroup assignments; one periodfor each group to plan its class presentation; one period to set the stage and to take the pre-test; atleast one period to hear the presentations; and one period to take the post-test and close the lesson.
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Give them guidelines on the length of their presentations (for example, 15 minutes per group). You

may want to remind them to be cautious when completing activities which require use of electrical

appliances, fire, or other potential hazards. Remind them of the importance of communicating with

(and in some cases, getting permission from) parents in completing the activity sheets. Give them

a reasonable deadline for completing the home assignments.

For your convenience, the five group titles and individual student activity topics are listed here.

Group 1: Energy Savings In Heating and Cooling
1. The Effect of Closing Doors
2. The Effect of Fireplace Damper Position
3. The Effect of the Fireplace on Home Heating
4. Comparing Different Home Heating Systems
5. Comparing Window and Wall Heat Loss
6. Window Insulation Survey

Group 2: Hot Water Energy Savings
1. Hot Water Loss From Leaking Faucets
2. Washing Dishes in Warm Vs. Hot Water
3. Boiling With or Without Covering Pan
4. Taking Baths Vs. Showers
5. Heat Loss From Long Hot Water Pipes
6. Washing Clothes in Cold Vs. Hot Water

Group 3: Lighting and Appliance Energy Savings
1. How Many Waifs For Seeing?
2. Comparing Energy Use of Appliance Brands
3. How Lighting Diminishes With Distance
4. Light Source Effectiveness
5. Schoolroom Lighting Survey
6. Home Light and Appliance Survey

Group 4: Automobile Savings
1. Comparing Gas Mileage
2. Fuel Per Passenger Mile
3. Tire Brand/Type Survey
4. Tire Air Pressure Effects
5. Car Weight Effects
6. Planning Your Trips

Group 5: Commercial and Industrial Energy Conservation
1. Find Out About Your Local Utility
2. Demand Charges and How To Reduce Them
3. Your School's Bills and Energy Management
4. Industry/Home Bill Comparison and Billing Units
5. Code Requirements and Their Energy Costs
6. Industrial Plant Energy Balance

NOTE: The activities and topics for Group 5 are more advanced than those for the other four groups,

and you may choose to omit this group. If you plan to use it, you should smooth the way forthe students

by telling the school system's physical plant director, the school principal, local utility officials, and a

selected local company's plant manager about the group and its objectives. You may be unfamiliar

with the concept of demand charge (a charge to industrial customers for peak power requirements

experienced even for an instant during an established period of time). The demand charge is added

to the more usual kilowatthour consumption charge.
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V. Once all the presentations have been made, give the class the "Test Your Energy 10" test as a post-
test. Discuss the answers to the test.

VI. Continue with the follow-up below.

FOLLOW-UP

i. Discuss the energy conservation tips your class has discovered. Which ones do the students think
they will really incorporate into their daily lives?

II. Discuss with the students how they can spread the knowledge they have attained about energy
conservation to family and friends.

Ill. Ask the students what they think will happen to the earth and the human condition if we do not
conserve energy in our daily lives.

RESOURCES

Alabama Energy Extension Service. The Car Fitness Book. N.p.: ADECA, 1984.

Alabama Power Company. Energy Bulletia. (Periodical.)

American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. ASHRAE Handbook.
1985 Fundamentals. New York: Author, 1985.

Dorf, R. C. The Eneray Factbook. New York: McGraw-Hill, 1981.

Fowler, J. M. Energy and the Environment. 2nd ed. New York: McGraw-Hill, 1984.

Honeywell Corporation. Enerav Conservation With Comfort. N.p.: Author, 1979.

Mass S., ed. Factbook of Electric Food Service Eouipment. 34th ed. N.p.: n.p., 1977.

Shurcliff, W.A. Thermal Shutters and Shades. Andover, MA: Brick House, 1980.
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Student Sheet

TEST YOUR ENERGY I.Q.

Answer each question below (True or False) and rate yourself on your knowledge of energy use and abuse
in the home and on the road.

50 to 45 correct answers High Energy I.Q.
44 to 40 correct answers Above-average Energy I.Q.
39 to 35 correct answers Average; you need to learn more about energy

conservation.
Fewer than 35 correct answers lake the test again and study the answers; you're

probably throwing money away needlessly.

Circle the letter of the correct answer.

T F 1. The United States uses more energy per person than any other nation in the world.

T F 2. The United States produces 2/3 of the oil we consume.

T F 3. R-value means the resistance a material has to the flow of heat.

T F 4. On cold winter days a roaring fire in the fireplace saves energy.

T F 5. In the afternoon you should keep the draperies closed on all west-facing windows to block
out the hot sun.

T F 6. Thermal-lined draperies and outdoor awnings can significantly reduce the energy required
for air conditioning.

T F 7. A homethat is dry duringthe winter must be kept warmer to be comfortable than one with a
higher humidity level.

T F 8. Landscaping is important to home energy conservation.

T F 9. You can warm up your house faster by turning the thermostat higher than the desired
temperature.

I F 10. Weatherstripping doors and caulking windows can save up to 10 percent of home energy
costs.

T F 11. There is no reason to ventilate the attic in the summer if it is well insulated.

I F 12. The furnace/air conditioner will run for longer periods of time when the air filter is dirty.

T F 13. The lower the temperature setting on your water heater, the less energy you will use.

I F 14. A frosty refrigerator uses less energy because frost acts as an insulator.

T F 15. Food cooks faster in a covered pan.

I F 16. You don't have to preheat an oven for broiling or roasting.
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Student Sheet

TEST YOUR ENERGY I.Q.
(continued)

T F 17. On especially cold days it is a good idea to get a little extra heat into the kitchen by turning
on the oven and opening the oven door.

T F 18. It is usually less expensive to take a bath than a shower.

T F 19. It does not matter where the water heater is located in your home as long as it is in properworking order.

T F 20. The home heating and cooling system is the major residential user of energy.

T F 21. Refrigerators operate best at 380 to 420 Fahrenheit.

T F 22. The home freezer operates most efficiently when it is 1/2 to 2/3 full.

T F 23. Refrigerators are designed to accept frequent and lengthy door openings without increasedoperating costs.

T F 24. Small appliances such as toasters, electric skillets, and popcorn poppers generally use lessenergy for specific jobs than a range.

T F 25. If the flame on your gas range is blue, it is not operating properly.

T F 26. Fluorescent and incandescent lights of the same wattage produce the same amount oflight.

T F 27. Glean surfaces on reflector pans increase the energy efficiency of a range.

T F 28. Put frozen foods directly into the oven. There is no reason to defrost them beforehand.
T F 29. By using cold and warm-rather than hot-water in your washing machine, you will saveenergy and money.

T F 30. You will save energy by doing several small loads of wash rather than one large one.
T F 31. Dry as many clothes as possible in each load.

T F 32. Permanent press garments save energy.

T F 33. A clean dryer filter saves energy by allowing the dryer to operate at a higher temperature.
T F 34. You can save up to 1/3 of your dishwasher operating costs by allowing the dishes to airdry rather than go through the dry cycle.

T F 35. Trash compactors and waste disposers use a great deal of energy and are not economicallyfeasible.

T F 36. Always remember to use warm water when running the garbage disposal.

CN-7



Student Sheet

TEST YOUR ENERGY I.Q.

(continued)

T F 37. An iron consumes little energy.

T F 38. About 1/3 of all private automobile mileage is for commuting to and from work.

T F 39. Driving faster uses less energy because operating time is reduced.

T F 40. Always top off your gas tank when filling up your car.

T F 41. On cold days, it saves gas to warm up your car for 5 to 10 minutes before driving.

T F 42. It takes less gas to restart an engine than to idle it for more than one minute.

T F 43. The less air in the tires, the less gasoline you will burn.

T F 44. There is no difference between steel-belted radials and other tires when it comes to gas

mileage.

T F 45. The heavier the car, the more gas it uses.

T F 46. Keeping your car tuned up will increase gas mileage.

T F 47. An air-starved engine wastes gasoline.

T F 48. The old 55-mph national speed limit was imposed during the oil embargo to help conserve

fuel; higher speeds use significantly more fuel.

T F 49. The most efficient way mobile home owners can reduce heating/cooling costs is to install

underpinning.

T F 50. Insulating your electric water heater will reduce your utility bill.
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Teacher Key

ANSWERS

1. TRUE. The U.S. uses more energy per person than any other nation in the world. Although we
comprise only about 6 percent of the world's population, we use 36 percent of all energy consumed
in the world, and that figure continues to rise.

2. FALSE. The U.S. does not produce 2/3 of the oil we consume. We must import about half of the oil
we use.

3. TRUE. R-value does mean the resistance a material has to the flow of heat. The higherthe B-value,
the better the insulating capability of the material.

4. FALSE. A fireplace can cost you energy, as fireplaces are often sources of heat loss. When the
heating system is on, a considerable amount of heated air goes up the chimney.

5. TRUE and FALSE. The energy savings gained by keeping the draperies closed on the west-facing
windows depends on the time of year. This is true in the summer, but false in the winter. In summer,
keep the draperies closed to block out the hot sun. In winter, keep them open and let the sun into the
room for extra heat.

6. TRUE. Thermal-lined draperies and outdoor awnings block the hot sun and keep your home cooler.

7. TRUE. A home will seem more comfortable if the humidity level is higher. A humidifying device not
only increases comfort but helps save energy as well.

8. TRUE. Landscaping can affect home energy consumption. A lawn reduces reflective heat in summer.
Trees which shed their leaves can provide shade in summer and allow warming sunlight to reach the
house in winter.

9. FALSE. Your house will not warm up faster by setting the thermostat higher than the desired
temperature. Set it atthe propertemperature, and itwill heat (orcool)your home just as quicklywithout
wasting energy.

10. TRUE. Weatherstripping and caulking can save up to 10 percent of home energy costs.

11. FALSE. Insulation can trap hot air in the attic. Ventilating the trapped air will make the house stay
cooler, and you'll use less energy.

12. TRUE. A dirty airfilterwil cause yourfurnace/airconditionerto run for longer periods of time. Check
the air filter about once a month because a dirty filter restricts the flow of air.

13. TRUE. The lower the temperature on your water heater, the less energy you will use. You can
regulate the temperature of yourwater heaterwith the thermostat. The higherthe setting, the higher
your energy bill. Check the setting on your water heater.

14. FALSE. A frosty refrigerator uses more energy than a defrosted refrigerator. Frost makes the
refrigerator work harder to remove warm air. Never let frost accumulate to more than 1/4 of an inch.

15. TRUE. Food cooks faster in a covered pan. The kitchen will stay cooler as well. Turn the heat off
a few minutes before the food is completely cooked. Retained heat will complete the cooking.
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Teacher Key

ANSWERS
(continued)

16. TRUE. You do not have to preheat an oven for broiling or roasting. In addition, any food that cooks

for more than one hour does not require a preheated oven.

17. FALSE. Using your oven is a very costly way to heat your kitchen.

18. FALSE. It takes twice as much hot water for a deep bath than for the average shower. This can

increase your energy bill because heating water accounts for as much as 20 percent of home energy

expenses.

19. FALSE. Place the water heater as close as possible to areas where hot water is needed. The longer
the pipes, the greater the heat loss. If hot water pipes are exposed, it is a good idea to insulate them.
Insulated pipes keep the water warmer.

20. TRUE. Heating and cooling systems are the major residential users of energy; home heating and
cooling can represent as much as 70 percent of your home energy bill.

21. TRUE. Refrigerators operate best at 38" to 420 Fahrenheit, while freezers operate best at 00

Fahrenheit. Lower settings are unnecessary and waste energy.

22. FALSE. The home freezer is most efficient when filled to capacity.

23. FALSE. It costs money and energy every time a refrigerator door is opened.

24. TRUE. Small appliances often use less energy than a range. They are designed to do specific jobs,
making cooking easier and usually quicker.

25. FALSE. lftheflame on yourgas range is blue, it is operating correctly. Iftheflame has traces of yellow,
the burners have become clogged and should be cleaned.

26. FALSE. Fluorescent and incandescent bulbs of the same wattage do not produce the same amount
of light. Fluorescent lights produce 3-1/2 times more light than incandescent bulbs of the same

wattage.

27. TRUE. Clean, reflective surfaces increase efficiency. Also, if youroven is self-cleaning,wait until after
you have used the oven and less energy will be required tor the cleaning process.

28. FALSE. Puttingfrozenfood directly intothe oven meansthe foodwill require more cookingtime. Plan
ahead and thaw frozen food in your refrigerator before cooking it.

29. TRUE. Much of the energy used in doing yourfamily wash goes to heat the water. Using cold water
as often as possible should decrease your energy bill.

30. FALSE. A large-capacity washer saves energy by handling in one load what a small washer must
do in two loads.

31. FALSE. Do not dry as many clothes as possible in each load. You should sort the clothes by thickness
before you place them in the dryer. It takes a longer cycle for slow-drying items.

32. TRUE. Be sure to take permanent press garments out of the dryer as soon as the cycle is complete.

You probably will not have to spend energy ironing them.
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Teacher Key

ANSWERS
(continued)

33. FALSE. A clean filter saves energy and money by allowing a high rate of flow of clean hot air and
reducing drying time.

34. TRUE. Turning off the dishwasher after the rinse cycle is complete or using the overnight dry setting
can save you 1/3 of dishwasher operating costs.

35. FALSE. Trash compactors and waste disposers consume relatively small amounts of energy.

36. FALSE. Use cold water when running the garbage disposal. It is designed to work with cold water,
and since hot water is a prime user (20 percent) of residential energy, this will save energy and money.

37. FALSE. A hand iron consumes as much energy as ten 1 00-watt light bulbs. Permanent press items
save ironing time. Iron large batches of clothing at one time to avoid wasting energy reheating the
iron.

38. TRUE. Join a carpool.

39. FALSE. The faster you drive, the more gasoline you burn.

40. FALSE. When filling your car, remove the nozzle as soon as it cuts off and avoid possible spillage.

41. FALSE. The best way to warm up a car is to drive slowly until the engine reaches proper operating
temperature.

42. TRUE. Safety and theft considerations aside, it takes less fuel to restart than to let a car idle for a
minute or more.

43. FALSE. Check air pressure in your tires regularly. Under-inflated tires increase gas consumption.

44. FALSE. Properly inflated steel-belted radials give better mileage and last longer.

45. TRUE. The lighter the car, the less gas it uses. Always remove unnecessary weight from the car.

46. TRUE. A car that is proprerly tuned will get better mileage. The more smoothly your engine runs,
the less energy it will require to operate.

47. TRUE. An air-starved engine will waste gasoline. Keep the air filter clean and your mileage should
increase.

48. TRUE. The 55-mph national speed limit was imposed to conserve gasoline.

49. TRUE. Underpinning, or a "skirt," is the most accessible and practical method of reducing heat flow
for mobile homes.

50. TRUE. An investment of about $15 to insulate your electric water heater probably will pay you back
in about 12 months.
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Student Sheet

GROUPi

ENERGY SAVINGS IN HEATING AND COOLING

Experience has shown that the most cost-effective and sensible approach to today's energy situation is

energy conservation. Each of us must realize that we cannot continue consuming energy at the present
rate. We must look for ways to decrease our use of energy.

Heating and cooling our homes accounts for most of our residential energy costs. The purpose of these
activities is to discover some important ways to decrease the consumption of energy in our homes.

Your group is to complete the following six activities and then develop a presentation to be given to the

rest of the class.

First, you will want to meet as a group to discuss your assignment and to decide who will be responsible
for which activities. For example) if there are six people in the group you may decide to each choose one

of the six activities. Once each person has completed his/her assignment, you will want to meet again

as a group to discuss your findings and prepare your group's presentation for the class.

ACTIVITY 1: The Effect of Closing Doors

The purpose of this activity is to determine whether or not energy can be conserved by closing doors to
unoccupied rooms. You will need a thermometer and the chart below for recording data. Record data

for several rooms, such as bedrooms, bathrooms, and so forth. Measure the temperature at a spot in the

middle of each room.

ROOM TEMPERATURE CHART

Room Temperature With Door Open Temperature With Door Closed
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Student Sheet

Choose:

A. A time when you can leave your home's heating system set at a constant temperature for severalhours.

B. A time when weather and/or sun conditions are fairly constant so they will not invalidate your data.For example, after dark is a good time. If you start with doors closed, wait at least 2 hours beforerecording the temperature with doors open. What can you conclude about closing doors tounoccupied rooms and energy conservation? If you have air intake vents, do you think opening orclosing them would make a difference?
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ACTIVITY 2: The Effect of Fireplace Damper Position

The purpose of this activity is to determine whether or not energy is conserved by keeping a fireplace

damper closed. You will need access to a fireplace damper, a watch, and the chart below for recording

data. Start by opening the damper in you rfireplace. Then record the times when the heating system starts

and stops. Do this for at least one hour. Close the damper and wait one hour. This gives the house

temperature time to stabilize. Record the information again. Does the heating system run more with the

damper closed or open? Remember not to (1) change the thermostat while the experiment is in progress,

or (2) choose a time to conduct the experiment when sunshine or weather changes will invalidate your

data.

DAMPER CHART

DAMPER OPEN DAMPER CLOSED

Starting Time Stopping Time Strin ime tpiglm

TOTAL ON TIME (min) TOTAL ON TIME (min) 
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ACTIVITY 3: The Effect of the Fireplace on Home Heating

The purpose of this activity is to determine whether or not energy can be conserved by building a fire inthe fireplace while the heating system is operating. You will need access to an open fireplace, a watch,and the chart below for recording data. Leave the thermostat for the home's heating system set on aconstant temperature during the experiment. With no fire in the fireplace, record the time on your watcheach time the heating system turns on and off. Then, using all safety precautions, build a fire in thefireplace. CAUTION. Have a parent or someone who is experienced assist you. Record the data.Does the heating system run more with or without the fire?

FIREPLACE CHART

NO FIRE FIRE

Time Heating Time Time Heating TimeSystem Starts System Stops System Starts System Stops

No. of Times Heating System Started: . . No. of Times Heating System Started:

Total Minutes System Ran: Total Minutes System Ran:
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ACTIVITY 4: Comparing Different Home Heating Systems

The purpose of this activity is to determine how much energy is used by home heating systems. You will

need the chart below and transportation to stores or outlets carrying heating systems such as furnaces

and heat pumps. Go on a "shopping spree" to several different stores oroutletsthat carry heating systems.

Record the data on the chart below, or organize a char that will better fit the data you accumulate. (Note:

If transportation is not available, try to collect the information by telephone.)

HEATING SYSTEM CHART

BRAND INITIAL CAPACITY ESTIMATED ANNUAL

COST (BTU/HR) FUEL CONSUMPTION

How does the efficiency of one system compare to another? What are some noteworthy advantages or

disadvantages ot each tor consumers?
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ACTIVITY 5: Comparing Window and Wall Heat Loss

The purpose of this activity is to determine how glass compares to wall materials in conserving energy.You will need a thermometer, the chart below for recording data, and access to windows on the north,south, east, and west sides of a home. Start by measuring the temperature of the inside glass (put thethermometer directly on the glass) of 4 windows, one each on the north, south, east, and west sides ofthe house. Then measure the temperature of a spot on the north, south, east, and west walls which isat least 3 feet away in all directions from a door or window. Measure the temperature at each of thecorresponding spots on the OUTSIDE walls and windows. Record all data.

WINDOW VS. WALL CHART

INSIDE WINDOW TEMP (,F) OUTSIDE WINDOW TEMP (0F)

North North

South _ _ South

East East

West West

INSIDE WALL TEMP (0F) OUTSIDE WALL TEMP (0F)

North North

South South

East East

West West

Which material (wall or window) has the greatest variation in temperature from inside to outside? Doescompass direction have any effect? If you were designing an energy-efficient home, how would you applythis data?
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ACTIVITY 6: Window Insulation Survey

The purpose of this activity is to determine the energy-conserving properties of different window

coverings. Pretend you own your home and are just moving in. You are in the process of choosing

coverings for all your windows. Of course you want them to look good, but you are also concerned with

whether or not they will affect energy consumption. You will need the chart below to record data and

transportation to stores or outlets which sell window coverings. (You may need to design another chart

that better fits the data you accumulate.) Go on a "shopping spree" to several different stores. Tell the

shop attendants about your assignment and ask if they have information on heat loss for fabrics or other

window coverings that they sell. (Note: If transportation is not available, try to collect the information by

telephone.)

WINDOW COVERING CHART

KIND COST HEAT LOSS (BTU/HR) OTHER INFO
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O ~~~~~~~~GROUP2

HOT WATER ENERGY SAVINGS

Experience has shown that the most cost-effective and sensible approach to today's energy situation is
energy conservation. Each of us must realize that we cannot continue consuming energy at the present
rate. We must look for ways to decrease our use of energy. Perhaps more than any other area of energy
conservation, our daily routine habits (e.g., the length of time we spend in the shower) affect energy
consumption in the amount of hot water we use.

In these activities, you will explore ways to decrease hot water consumption by changing habits and being
informed consumers. Your group is to complete the following six activities and then develop a
presentation to be given to the rest of the class. Your presentation should be based on the data you collect
during completion of the activities. First, you will meet as a groupto discuss yourassignment and to decide
who will be responsible for which activities. For example, if there are six people in the group you may
decide to each choose one of the six activities. Once each person has completed the assignment, you
will meet again as a group to discuss your findings and prepare your presentation for the class.

ACTIVITY 1: Hot Water Loss From Leaking Faucets

The purpose of this activity is to determine how much water is wasted by leaking faucets. You will need
a faucet over a sink, a measuring cup, a watch with a second hand, and the chart below. First, turn the
faucet on just enough to get one drop every second. Place the measuring cup under the faucet. Record
the time. Then record the time when the cup is full. Repeat the procedure for 2 drops per second and
3 drops per second. Calculate how much water would be wasted in a day, a month, and a year for each
drop situation.

WATER LOSS CHART

DROPS! START END TOTAL WATER WATER WATER WATER
SECOND TIME TIME TIME WASTED WASTED WASTED WASTED

DAILY DAILY* MONTHLY YEARLY
(CUPS) (GAL) (GAL) (GAL)

2

3

* Conversion Factor: 1 gallon = 16 cups
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ACTIVITY 2: Washing Dishes in Warm Vs. Hot Water

The purpose of this activity is to determine whether warm water cleans dishes as well as hot water. The

assumption behind this experiment is that, if we cleaned more household items with warm water rather

than hot water, we could save energy. You wil need several soiled dishes or pots, dishwashing detergent,

and hot and cold water. Choose dishes soiled with different kinds of food. For example, choose two dishes

with bacon grease, two dishes with sugary juices, two dishes with melted cheese, or pairs of dishes with

other foods. Clean one dish of each pair in hot water and one in warm water. Keep everything the same

except forthe temperature of the water; that is, use the same amount of detergent and scrub for the same

amount of time. Dishes must be washed one at a time to avoid unequal soaking time. Record which dish

of each pairwas cleaned satisfactorily and which dish was not. What are your conclusions about cleaning

with warm water? Is warm water acceptable for some, all, or no situations? What if you were cleaning

bathtubs, tile, or basins instead of dishes?

DISH CLEANING CHART

Mark an X in the appropriate columns.

DISHES SOILED HOT WATER WARM WATER COMMENTS
WITH: CLEAN NOT CLEAN NOT

CLEAN CLEAN
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ACTIVITY 3: Boiling With or Without Covering Pan

The purpose of this activity is to determine how much heating time can be saved boiling water with a lidon the pan. The assumption is that if we can find ways to reduce the time a stove stays on during cooking,we can conserve energy. You will need a stove, a pot with a see-through lid, a measuring cup, a watchwith a second hand, and the chart below. Since you will be boiling water and need to watch the kettle,you may want to ask a friend or family memberto stand by while you observe the boiling. First, put onecup of water in the pot. Turn the stove on high and record the time on your watch. Then record the timewhen the water starts boiling rapidly. Let the pot and stove cool to room temperature. Repeat thisprocedure with the lid on the pot. Is boiling time more, less, orthe same with and without a lid? What canyou conclude about people who are in the habit of cooking with lids?

WATER BOILING CHART

POT TIME STOVE TIME RAPID TOTAL TIME
TURNED ON BOILING BEGINS (MIN)

WITH
LID

WITHOUT
LID
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ACTIVITY 4: Taking Baths Vs. Showers

The purpose of this activity is to compare the amount of water used taking a bath with that used taking

a shower. You will need adhesive tape, an empty 2-liter plastic container, a tub/shower, and the chart

below. Start by calibrating the tub. To do this, pour exactly 20 liters of water into the tub. Mark the water

level with a piece of good quality adhesive tape. Pour in 20 more liters and mark the 40-liter water level

with tape. Repeat until the tub is nearly full. Once the tub is calibrated, drain the water in the tub to a

comfortable depth. Record the depth of the water. On the next day, take a shower with the tub plugged.

Take a adequate amount of time to clean your body thoroughly. Record the depth of the water. If possible,

repeat the shower procedure for several days, or get other family members to collect data for you. What

can you conclude about the amount of water you and your family use in bathing/showering?

BATH/SHOWER CHART

DATE BATH (LITERS) SHOWER (LITERS
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ACTIVITY 5: Heat Loss From Long Hot Water Pipes

The purpose of this activity is to show that heat is lost when water travels from the home's water heaterthrough pipes to a faucet or other outlet. The assumption behind this activity is that more energy is lostwhen the pipe length between the water heater and the faucets is longer. You will need a home withseveral faucets, a metal stem thermometer, a watch, and the chart below. First, locate your home's waterheater. Draw a sketch of your house plan and locate the heater and all faucets on the plan. Go to thefaucets one at a time, turning on the hot water and waiting for it to become its hottest (note the time youturn on the faucet and the time the water reached its hottest temperature). When the water is the hottestit can be, measure the temperature of the water and record your data on the chart.

HOT WATER PIPE CHART

WATER HEATER TEMP. IS SET ON "F

FAUCET WARMEST TIME TO REACH WARMEST
LOCATIONS WATER TEMPERATURE TEMPERATURE (MIN)

CN-23



Student Sheet

ACTIVITY 6: Washing Clothes in Cold Vs. Hot Water

The purpose of this activity is to compare clothes cleaned in hot and cold water. The assumption is that

if more clothes can be cleaned in cold water, then energy used to heat washing water can be conserved.

You will need several clean white rags, a permanent marker or laundry pen, access to a washer, and the

chart below. First, stain two rags each with dirt, grease,fruit juice, tomato sauce, or other common laundry

stains. Do not put more than one kind of stain on one rag. Mark with a permanent marker what kind of

stain you put on each rag. Divide the rags into two loads (one rag of each stain in each load), then wash

one load in cold water and one load in hot water. Use the same amount and kind of detergent for both

loads. Compare which stains are cleaned in each load. What can you conclude about how well particular

stains come out in hot orcold water? Is hotwater necessary forcleaning all, some, or none of the stains?

STAIN REMOVAL CHART

Record each type of stain. Mark an X to indicate whether it was cleaned or not cleaned.

HOT WATER COLD WATER

STAIN -QLEA1 NOT CLEANED- CLEANED NQT CLEANED
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GR0UP3
LIGHTING AND APPLIANCE ENERGY SAVINGS

Experience has shown the most cost-effective and sensible approach to today's energy situation is energy
conservation. Each of us must realize that we cannot continue consuming energy at the present rate. We
must look for ways to decrease our use of energy.

It is easy to use more light than you need. More than 10 percent of the electricity we use in our homes
goes into lighting.

The purpose of these activities is to discover ways to decrease the consumption of energy when lighting
and using appliances in our homes.

Your group is to complete the following six activities and then develop a presentation to be given to the
rest of the class. Your presentation should be based on the data you collect during the completion of these
activities. First, you will meet as a group to discuss your assignment and to decide who will be responsible
for which activities. For example, if there are six people in your group, you may decide to each choose
one of the six activities. Once each person has completed his/her assignment, you will meet again as a
group to discuss your findings and prepare your presentation for the class.

ACTIVITY 1: How Many Waifs For Seeing?

The purpose of this activity is to discover how much lighting wattage is necessary for activities such as
sewing, reading, and other daily routines. The assumption behind this experiment is that if we used light
bulbs with appropriate wattage, we could save the energy wasted on unnecessary lighting. You will need
a lamp next to a comfortable chair in a dark room; several bulbs with different wattages (for example, 25
watts, 40 watts, 60 watts, 75 watts, 1 00 watts); a book to read, something to write with, or a sewing project;
a watch; and the chart below for recording data.

Start by putting the largestwattage bulb inthe lamp. CAUTION: Unplug the lamp each time you change
the bulb, and allow the bulb to cool before you touch It. Sit in the chair and spend 5 minutes working
on yourproject. Record on the chart how well you were able to work on it. For example, did you experience
glare? Did it seem difficult to work? Was it too dark? If you are sewing orwriting, you may choose to mark
the work done under different wattages so that you can compare the work quality later. Then, change the
bulb (in descending order of wattage) and work 5 minutes under each bulb (allow your eyes to adjust to
the change in lighting before beginning each step). Record your data each time. NOTE: The room should
be dark other than the light from your lamp. Do not change the lamp position. Which wattage was best
for your project? What was the minimum wattage necessary to do satisfactory work? Can you draw
conclusions about how much light you waste or do not waste in your daily routine? What other factors
affected the quality of your work?

PROJECT LIGHTING CHART

WATTAGE COMMENTS RATE YOUR WORK QUALITY
(1 = worst, 5 = best)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 2 3 4 5
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~ ~~1 2 3 4 5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ __I 1 2 3 4 5
_ _ _ _ _ _ _ _ ~~ ~~ ~~ ~~ ~~~~~1 2 3 4 5
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~ ~~1 2 3 4 5

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~ ~~ ~ ~~1 2 3 4 5
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ACTIVITY 2: Comparing Energy Use of Appliance Brands

The purpose of this activity is to determine which appliances on the market consume more energy than
others. You will need the chart below and transportation to stores or outlets carrying kitchen appliances.
Choose four or more appliances (e.g., toaster, microwave, mixer, blender) for your investigation. Go on
a "shopping spree" to several different stores. Tell the shop attendants about your assignment and ask
if they have information on the energy efficiency of appliances they sell. Record the data you find. You
may decide to design a better chart for organizing your data.

APPLIANCE CHART

APPLIANCE BRAND COST WATTS* VOLTS* AMPS*

*W = V x A; determine walls by multiplying volts times amps.

What appliance(s) would you choose to purchase? Why? What other factors besides energy efficiency
affected your decision?

CN-26



Student Sheet

*0 ACTIVITY 3: How Lighting Diminishes With Distance

The purpose of this activity is to determine to what degree the distance a light is away from a work site
affects our ability to do satisfactory work. Although sharp differences in lighting intensity should be
avoided, the use of 'lask lighting" (i.e., light focused on the work at hand rather than uniformly bright room
lighting) can reduce energy consumption. You will need a stable standing lamp with a 60-watt bulb, a
20-foot extension cord, a comfortable chair, a watch, a yardstick, a project to do (such as a book to read,
something to write, or a sewing project), and the chart below for recording data. Start by turning all other
lights in the area off. Put the lamp next to your chair. Sit and work on your project for 5 minutes. Record
on the chart how well you were able to work on your project. For example, if it seemed difficult to work,
was it too dark? (If you are sewing or writing, you may choose to mark the work done during each 5 minutes
of work so that you can compare the work quality later). Then move the lamp 5 feet away from you (allow
your eyes to adjust to the change in lighting before beginning each step). Repeat the experiment. Do this
for 1 0, 15, and 20 feet away. Work for 5 minutes and record your data each time. At which distance could
you see your work the best? What was the maximum distance at which you could do satisfactory work?
What other factors affected the quality of your work?

DISTANCE LIGHTING CHART

LAMP DISTANCE COMMENTS RATE YOUR WORK QUALITY
(FEET) (1= worst. 5 = best)

0 1 2345

s 5 __ 1234 5

10 1 2 3 4 5

15 1 2 3 4 5

20 1 2 3 4 5

How can one conserve energy in terms of lighting?

Can quality work be done with only a few lights on?
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ACTIVITY 4: Light Source Effectiveness

The purpose of this activity is to research the efficiency of different kinds of light. You will need the chart
below and transportation to several different lighting outlets. Go on a "shopping spree." Tell the shop
attendants about your assignment and ask if they have information on the efficiency of different kinds of
lights sold at their stores. You will be looking specifically for lumens per waft. Record the data you find.
Find data forthe kinds of light listed below as well as other kinds you may discover. (Note: If transportation
is not available, try to collect the information by telephone.)

KINDS OF LIGHTING CHART

KIND OF LIGHT LUMENS/WATT COMMENTS

Incandescent

Fluorescent

MercuryVapor

Sodium Vapor

What kind of lighting would you chooseto install if you were building yourown home, installing street lights,
building an office building, or filming a movie?

Which kind of lighting is most energy-efficient, and why?
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ACTIVITY 5: Schoolroom Lighting Survey

The purpose of this activity is to determine if your school is effectively conserving energy in lighting. You
will need the chart below. Contact your school custodian and ask to set up an appointment with him/her
to help you do an inventory of the lighting in your school. Then choose a classroom or two, a parking lot,
the office, and the cafeteria or auditorium in which to collect data. It is not necessary to inventory EVERY
room in your school. Then go with the custodian to each room or area you have chosen and inventory
the lighting using the chart below. Be sure to determine the room size of each room used for data. Also,
try to determine if energy-efficient bulbs are used and whether some of the lights in a room can be turned
off while others are left on.

SCHOOL LIGHTING CHART

NO. OF LIGHT
ROOM NO. OF BULBS KIND OF BULBS WATTS SWITCHES

In each room ask the following questions: How is lighting controlled? For example, can you turn only halt
the lights on at one time, or can the lights nearest the window be turned off? What recommendations can
you make to increase lighting efficiency at your school?
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ACTIVITY 6: Home Light and Appliance Survey

The purpose of this activity is to determine if your home lighting and appliances are conserving energy.
Inventory the wattages of all easily accessible lights and appliances. Most appliances have the wattage
noted on a sticker or etching. Do not try to move large appliances. If no wattage is given on an appliance,
see if its voltage and amperage are given. In most cases, you can compute the wattage by multiplying
the number of volts (e.g., 120) by the number of amps. Record all the data. CAUTION: Do not work
around electricity with wet shoes or hands. You do not need to include all the lighting and appliances
in order to determine whether energy is conserved in your home.

HOME APPLIANCE AND LIGHTING CHART

ESTIMATED HOURS
APPLIANCE WATTAGE USED/YEAR

Did you find lights that were turned on but not being used? Could a light bulb of smaller wattage be used
in any location? Did you find any unattended appliances turned on (e.g., radios, televisions, fans)? Are
dishwashers, clothes washers, and dryers used only when there are full loads to wash or dry? Do you
think your family could save energy and money by improving their conservation of energy?
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GROUP4

AUTOMOBILE SAVINGS

Experience has shown that the most cost-effective and sensible approach to today's energy situation is
energy conservation. Each of us must realize that we cannot continue consuming energy at the present
rate. We must look for ways to decrease our use of energy.

There are more than 1 00 million registered automobiles in the United States. A typical car, with an average
fuel economy of about 15 miles per gallon, travels about 1 0,000 miles each year and uses over 650 gallons
of gasoline. This means that private automobiles consume some 70 billion gallons of gasoline each year.
The importance of gasoline conservation by individual drivers cannot be overemphasized.

The purpose of these activities is to discover some important ways to decrease energy consumption in
transportation.

Your group is to complete the following six activities and then develop a presentation to be given to the
rest of the class. Yourpresentation should be based on the data you collect during the completion of these
activities. First, you will meet as a group to discuss your assignment and decide who will be responsible
for which activities. For example, if there are six people in your group, you may decide to each choose
one of the six activities. Once each person has completed his/her assignment, you will meet again as
a group to discuss your findings and prepare your presentation for the class.

ACTIVITY 1: Comparing Gas Mileage

The purpose of this activity is to compare the fuel efficiencies of automobiles on the market today. You
will need transportation to car sale lots and the chart below. ChooseS types of cars;for example, examine
large luxury cars, medium size family station wagons, and small sports cars. Some other types might be
mini-vans, full-size trucks, or small-size trucks. Visit several car sale lots and collect information on
several makes and models within yourS categories. Record all data. Create a betterchart for organizing
yourdata if necessary. (Note: If transportation is not available,try to collect the information by telephone.)

AUTOMOBILE CHART

LOT MAKE MODEL GAS MILEAGE COST FUEL COST
PER YEAR

Which car is most energy-efficient? What other factors would you consider in buying a car? Which car
would you like to buy if you could, and why?
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ACTIVITY 2: Fuel Per Passenger Mile

The purpose of this activity is to become aware of alternative types of transportation and how much fuel
is consumed by each. You will need a telephone and the chart below. Calculate the gas (or energy) used
per person if he/she goes the same distance by bus, car, motorcycle, airplane, bicycle, and other forms
of transportation. To do this, call your local public service bus office or school bus garage and ask how
big the average bus tank is, how many people can ride on a full bus, and the average gas mileage of a
bus. Call the maintenance division at an airport to get similar information for an airplane. Call shops or
use your own information sources to get data on cars, motorcycles, and other vehicles. Record all the
data in the chart.

TRANSPORTATION CHART

FORM OF TRANSPORTATION GAS/MILE/PERSON OTHER

Which form of transportation is most energy-efficient? What otherfactors must you consider in choosing

transportation? Which form of transportation do you choose most often, and why?
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09 ACTIVITY 3: Tire Brand/Type Survey

The purpose of this activity is to discover information about the cost-efficiency of tires. You will need
transportation to several tire outlets and the chart below. Choose a car make and model. It can be your
own car, the family car, or a car you wish you had. Visit several tire outlets. Talk to the shop attendants
and tell them about your assignment. Collect information on which tire would be the most energy-efficient
for your car and why. Record all the data. Create a better chart for organizing your data if necessary.
(Note: If transportation is not available, try to collect the information by telephone.)

TIRE CHART

Car Make and Model:

TIRE MAKE SHOP TIRE MILEAGE COST COST PER MILE

Which tire would you choose to buy for your car, and why? Which tire gives you more per cost? Would
different models of cars be more energy-efficient with different tires?
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ACTIVITY 4: Tire Air Pressure Effects

The purpose of this activity is to determine if tire air pressure affects the gas mileage of a car. You will
need a car, its owner's manual, and the chart below. First, checkthe tire pressure (or have someone check
for you). Record the pressure and the mileage on the odometer. Fill the tank and record the number of
gallons put in the tank, When the car has been driven 50 miles, refill the tank. Calculate the gas mileage.
Then check the owners manual for the maximum load pressure for the tires. Have the tires filled to that

pressure and repeat the process above. Record the data.

TIREPRESSURECHART

TIRE PRESSURE GAS MILEAGE

At which pressure did the car get the best gas mileage?
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ACTIVITY 5: Car Weight Effects

The purpose of this activity is to determine if the weight of a car significantly affects gas mileage (mpg).You will need a car, something that weighs 300 pounds, and the chart below. First, record the mileageon the odometer and fill the tank. When the car has consumed 1/4 tank, record the mileage on theodometer again. Then, put 300 pounds in the back of the car. When the car has again consumed 1/4tank of gas, record the mileage again. Calculate the gas mileage with and without the 300-pound weightaddition.

CAR WEIQHT CHARB

WITHOUT WEIGHT WITH WEIGHT

Mileage at start _ _ Mileage at start

Mileage at end _ _ Mileage at end

mpg mpg

In which situation did the car travel further? Which situation was most energy-efficient? What doesthis say about large and small cars on the market today?
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ACTIVITY 6: Planning Your Trips

The purpose of this activity is to determine if planning a route helps save energy. You will need a map

of your community, 4 friends or relatives who drive, and 4 copies of the chart below. Choose S points of

destination on a map. The points could be stores or street corners or homes. Then ask your 4 friends

separately to visit the 5 destinations. Ask them to record how many miles they drive between spots. Ask

2 of them to plan their routes, using maps. Don't ask the other 2 to do anything special. Collect the charts

after they have completed the route.

MILEAGE CHART

NAME:

MILEAGE AT START

MILEAGE AT FIRST STOP

SECOND STOP
THIRD STOP

FOURTH STOP
FIFTH STOP

TOTAL MILEAGE

Which person traveled the fewest miles in completing the course? Why? Was it one of the drivers who

planned their routes?
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GROUP 5 (OPTIONAL)

COMMERCIAL AND INDUSTRIAL ENERGY CONSERVATION

Experience has shown that the most cost-effective and sensible approach to today's energy situation is
energy conservation. Each of us must realize we cannot continue consuming energy at the present rate.
We must look for ways to decrease our use of energy. Commercial ventures and industrial plants, faced
with rising energy costs and mindful of the corporate balance sheet, must find ways to use energy more
effectively. The purpose of these activities isto discover how commerce and industry are billed for energy
use, how large these bills can be, and how they can be reduced.

Your group is to complete the following six activities and then develop a presentation to be given to the
rest of yourclass. Yourpresentation should be based onthe data you collected during completion of these
activities. First, you will meet as a groupto discuss your assignment andto decide who will be responsible
for which activities. For example, if there are six people in your group, you may decide to each choose
one of the six activities. (NOTE: The people who are to do Activities 1 and 2 should go together to meet
with a utility company representative.) Once each person has completed his/her assignment, you will
meet again as a group to discuss your findings and to prepare your presentation.

ACTIVITY 1: Find Out About Your Local Utility

You will need to work closely with the person(s) doing Activity 2. The purpose of this activity is to discover
what energy resources are used to supply power to your local homes, school, and businesses. For
example, in the early '80s approximately 57 percent of the Nation's electricity was produced using coal
as a primary energy resource; 4 percent using petroleum; 12 percent using natural gas; 16 percent usingnuclear energy; 11 percent using hydroelectric resources; and less than 1 percent using geothermal
energy, waste, wood, and other resources. You need to find out what kinds and percentages of energy
resources were used to produce the power your local utility distributed. To do this, it is suggested that
you telephone the manager's office at your local utility company, briefly describe this assignment, and
request an opportunity to meet with a utility company representative who can provide information to you.
Copies of the annual reports of your local utility and of their supplier(s) may be helpful.

Try to determine the answers to the following questions:

A. Has the prime energy resource for power generation changed in the past 10 years? If so, from what
to what has it changed? What are the reasons for the change?

B. Can the utility company give you forecasts of future power sales which will allow you to draw a graph?
How do they propose to supply increased power requirements? What prediction do they make about
future rate increases?

C. Write a two-page summary giving your reactions to the interview and your degree of confidence that
the utility company can supply future power needs.

D. If you were buying a house, would it be an all-electric home?
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ACTIVITY 2: Demand Charges and How to Reduce Them

You will need to work closelywith the person(s) doing Activity 1. The purpose of this activity is to discover

how the billing of commercial and industrial customers differs from residential billing and whether "demand

charges" and "time of day rates" are used by your utility company. You need to become familiar with the

"demand charge" concept so that you can explain it to your class. To do this, it is suggested that you (or

a classmate) call the manager's office at your local utility company, briefly describe your assignment, and

request an opportunity to meet with a utility company representative who can provide information to you.

Residences are usually charged only for the amount of power consumed, i.e., how many kilowatthours

are used during the billing period. Commercial and industrial accounts are usually charged not only for

how much powerthey use but also forthe maximum amount of powerthey draw at any one instant during

a pre-set twelve month period (i.e., the maximum number of kilowatts they need at any one time). This

is a demand charge; it reflects the commercial or industrial customer's share of the utility's investment in

power-generating capacity. For example, an aluminum products manufacturer would have a higher

demand charge than an office supply company.

Try to determine the answers to the following questions:

A. Does your local utility make a demand charge for commercial and industrial customers? What is a

demand charge? How is it calculated?

B. Energy management can lower energy costs for commerce and industry. One way is to use fewer

kilowatthours. Another way is to lowerthe demand and, therefore, the demand charge. Large motors,

for example, use more current when they are started. If large motors are turned on in stages, a sharp

spike in required power can be avoided and, in time, demand charges can be reduced. Ask the utility

company representative whether energy management surveys are offered to their local commercial
and industrial customers. Ask what recommendations are most often made in order to reduce

demand charges.

C. Askthe representative whether or not time of day rates have been considered by the utility company.

These would give customers lower utility rates for power used during off-peak times of day.

D. Write a two-page summary of your findings and your reactions to the utility company visit. Does the

company office building reflect good energy conservation practices?
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ACTIVITY 3: Your School's Bills and Energy Management

Commercial and industrial customers are often charged not only for the energy they use, but also for the
maximum amount of power they draw (demand). The purpose of this activity is to discover how your
school is billed for electricity and what kinds of energy conservation measures are routinely taken. Find
out if your school gets a utility bill and whether it is billed not only for the total kilowatthours of electricity
consumed but also forthe maximum kilowatts required at any one time during a pre-set time period. Set
up an interview with the school system energy management specialist or the physical plant director and
discuss what measures have been taken to reduce energy use and demand requirements.

During the interview, find out the answers to these questions:

A. Dothe schools have higherutilitybills inwinterorin spring? Whatfuel is used mostforschool heating?

B. Is certain equipment operated intermittently to reduce maximum power requirements? For example,
if there is air conditioning, are all the units turned on at one time?

C. How is water heated for washing and showers? Is the water heater on a time clock, and is it usually
off on weekends? Would it be possible to heat water only at night when most other equipment (e.g.,
lighting) is off?

D. How is the school heated? If a boiler is used, find out what fuel is used (oil, coal, or natural gas) and
how the boiler is maintained.

E. Think about the school's energy bills. Can you suggest ways in which they could be lowered?
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ACTIVITY 4: Industry/Home Bill Comparison and Billing Units

The purpose of this activity is to get estimates of the costs of electricity to commercial and industrial

companies and information about the energy units used for billing.

A. Assume you operate a 50,000-square-foot clothing factory and that 60 percent of the space is used

for manufacturing and office activities. In that portion of the plant, ceiling light fixtures are evenly
spaced as follows: Four tube fluorescent fixtures light every 150 to 175 square feet at an energy use
rate of approximately 5 watts per square foot. Calculate the number of kilowatthours used to light
manufacturing/office space each month if the plant is running only one shift each day and there are
20 working days in a month.

B. Suppose you wanted to figure out how much the amount of light calculated above would cost the
company. You would need to find out what the company pays for electric power. You may find that
a company pays a somewhat lower rate per kilowatthour than your parents do, but that they pay a
'demand charge." This is a charge for how much power is needed at any one instant and that reflects
the amount of capital investment the utility must make to supply the company. It differs from the
energy use charge (cents per kilowatthour) which both the company and your parents pay. Often,
however, large commercial and industrial users of electricity are charged a lower rate when they use

more electricity. As an example, assume that the company pays 3.9 cents per kilowatthour and, in
addition, a demand-charge of $600 per month. Ignoring any other charges and taxes, calculate the
monthly cost of lighting the manufacturing/office space in task A by adding the demand charge to the
energy use charge.

C. Natural gas utilities usually sell the gas by the hundred cubic feet or by the therm. A therm is equal
to 100,000 Btu and is approximately equivalent in heating value (Btu) to that in a hundred cubic feet
(usually abbreviated as COF) of gas. The reason for this is that one cubic foot of natural gas has a
heating value of approximately 1000 Btu. Call the billing department of your local gas utility and ask
them what the heating value of theirgas is. Also find outwhetherthey charge by the therm orthe CCF
and how much each therm or CCF costs. Using the heating value given, compute the difference (in
Btu) between a COF and a therm.

D. Find outwhether any of the schools in your school system heat with coal or oil, and find out what units
are used in billing for those fuels. Include this information in your remarks to the class about your
findings.
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ACTIVITY 5: Code Requirements and Their Energy Costs

The purpose of this activity is to discover how public buildings often have special health and safety coderequirements which add to energy use. Lighting standards have identified what lighting level is adequatefor certain tasks. For example, normal office work such as reading or writing requires approximately 50footcandles on the desk, whereas hallways need only 1 0 to 15 footcandles. Ventilation standards usuallyrequire at least S cubic feet of air flow per minute per person to circulate and filter the air in public areas.Industrial operations often produce dust or fumes that must be exhausted directly to the outside. Forexample, school classrooms require about 10 to 15 cubic feet per minute (abbreviated CFM) of ventilation;
public restrooms, 20 to 25; and kitchens, 35 CFM.

A. Study the lighting in your classroom. What is the total wattage of the lights used? How many squarefeet of space do you have in yourclassroom? Estimate how high the ceilings are. Are the walls paintedin a light color? Are there windows in your classroom? Calculate the watts of power used for lightingper square foot of floor space in the room and report this to your class. Take a class survey aboutwhether or not there is sufficient light to read and write. If the answer is no, someone from your schoolsystem or the local utility company needs to check the room with a light meter.

B. Are the windows in your room ever opened? If so, at what time of day is this usually done? How manydoors are there which lead either to the outside or to the hall? Are they usually open or closed? Arethere windows or louvers above the doors which can be or are usually open? Does the heating andcooling system vent air into the room? Take a class survey about adequate room ventilation. If air
circulation seems inadequate, an air flow meter can be used to check the room's ventilation.

C. Assume that you operate a movie theater which has 20,000 square feet of floor space. The ceilingis 15 feet high. Calculate the numberof minutes required to change the air, if 20 cubic feet per minuteperperson of ventilation is required and the seating capacityis 300 persons. (Forcomparison, homesoften experience one air change per hour.)

D. Take a field trip to the supermarket at which your family shops and estimate the total wattage oflighting. Count the number of freezer compartments, and check out the number of times the frontdoors open and close during a 5-minute period. Before you start, talk to the manager and ask himto give you an estimate of the monthly electric power bill.
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ACTIVITY 6: Industrial Plant Energy Balance

The purpose of this activity is to investigate the energy flow into and out of a manufacturing plant.

A. Call the plant manager's office at a nearby manufacturing plant. Explain to the manager's secretary
about this assignment and ask forthe opportunity to visit and interview a plant representative who can
help you discover what energy sources enter the plant and what products and waste energy, if any,
come out. An example of energy waste might be dumping water used to cook food while it is still
relatively hot. Another kind of waste would be metal shavings which are not recycled.

B. Draw a diagram showing the energy inflow (e.g., electricity, oil, coal, wood, natural gas). Mark on your
diagram the approximate use rate of each energy source. Add to your diagram the energy outflows
(e.g., warm water, smoke or hot air, waste materials, and the finished product).

C. Find out how the plant is heated. (They may be using waste heat for that purpose.) Find out how they
heat water and approximately how much they use.

0. Ask if they have an on-going energy management program and, if so, whether they have identified
savings from the program.

E. Write a two-page report summarizing your findings and use it, with your diagram, in making your
presentation to the class.
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ENERGY-EFFICIENT HOMES

OBJECTIVES SUBJECTS:
General Science, Physical Science

The students will do the following:
TIME:

1. Use models to learn how to maximize the 4 class periods (Activities 3 and 4
comfort-conditioning of a home. can be activities for the whole

class, and each requires one class2. Observe, gather, and analyze data from the period)
model simulations.

MATERIALS:
3. Draw conclusions from the data. large newsprint pad, drawing paper,

several colored pens, rulers,
protractor, student sheets (included)
Activity 3 - cardboard box, piece of
white posterboard, compass, clear
plastic wrap, flat black paint or
black construction paper, thermo-
meter, masking tape

Activity 4 - hot plate, watch, metal
stem thermometer (0-1 000 C), large
beaker, 1/4" thick plywood, 1/2'
thick fiberglass, ceramic tile, 2
plastic straws of different diameter,

BACKGROUND INFORMATION tape

Among the factors influencing the energy efficiency of home design are site analysis, home orientation,
configuration, envelope, space planning, ventilation, heating, cooling, lighting and appliances, water
heating, and waste management. A brief explanation of each of these factors follows.

Site analysIs is the recognition and use of natural elements of a home's setting for its energy efficiency.
An example might be siting a home to take advantage of wind breaks to the north.

Home orientation includes facing a house and planning its windows to maximize solar heat gain in winter
and minimize it in summer.

The home design's configuration should balance the benefits of using natural lighting and minimizing
perimeter wall areas. To increase southern exposures (i.e., solar access), the optimal configuration is
generally a form elongated in the east-west direction.

Envelope considerations include the glass and exterior wall materials selected, as well as structural
design.

Good space planning arranges various home activity areas appropriately. For example, the kitchen!
dayrooms might share the east/south sides of the home.

Ventilation includes the controlled intake of fresh air, its circulation, and its exhaust.
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Heating needs in Tennessee Valley homes are usually greater than cooling needs. Home heating

generally consumes more energy than any other home energy use (approximately 40 percent). Heating

systems include electric resistance heating (e.g., electric wall heaters), gas furnaces, wood heaters, and

electric heat pumps. Central heating systems deliver heated air orwaterto all parts of the home. Heating

(and cooling) systems are usually controlled by a thermostat.

Cooling systems in Tennessee Valley homes are almost always window or central air-conditioners that

use a compressor and refrigerant to cool and dehumidify the air inside the home.

Lights and appliances are usually powered by electricity. An exception would be gas stoves. Well-

designed windows or skylights can be used to provide "daylighting." One factor to consider when

purchasing appliances is their energy efficiency rating. The location of appliances within the living space

and the ways in which they are used and maintained must also be considered.

Domestic hot water is the term for heated water used for washing and bathing. As much as 25 percent

of an all-electric home's electricity bill comes from heating water.

Energy waste management should always be considered in the design of large buildings. Waste

management systems for homes are generally rudimentary. An insulation blanket for a water heater is

a simple form of waste management. Another is the fresh air intake control device on heating/air

conditioning systems. We will begin to see more frequent use of air-to-air heat exchangers to preheat

incoming fresh air as a waste management feature in new systems.

PROCEDURE

I. Give each student a copy of the student sheet "ENERGY-EFFICIENT STRUCTURES-Introduction,"

included. Using the background information, introduce the eleven factors given for energy-efficient

homes to the students.

II. Divide the class into nine to eleven groups. Assign each group one of the student activities and give

the members of the groups the student sheets for their activities. They are to complete the activities

and then develop a presentation tor the class based on their findings. Encourage them to do further

research and to make visual aids. Tell them that their job is to convince their classmates to conserve

energy.

Ill. Allow at least four class periods to complete this activity.

A. Allow one period for students to learn about the eleven factors for energy efficient homes.

B. Allow one period for students to complete their group assignments and plan their class presen-

tations.

C. Two periods, after the groups have had a chance to do research or make visual aids, will be

needed for presentations. Be sure to tell the groups how much time they have for their

presentations (e~g., five minutes per group).

IV. You may wish to reserve the "CONFIGURATION" and "ENVELOPE" activities for whole-class

participation. In this case, there would only be nine activity groups. Allow one class period for each

of these two activities.

V. Continue with the follow-up below.
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FOLLOW-UP

I. Afterthe class presentations, some effort should be made to compare design features recommendedby individual groups for the same design element. For example, compare the south-facing windowplacement and areas specified by the space planning, ventilation, and configuration groups.

II. You may wish to have a representative from your local utility company, a solar energy advocacygroup, or a building or architectual firm visit your class.

RESOURCES

American Institute of Architects. Energy Conservation in Building Design. N.p.: Author, 1974.

Edison Electric Institute. "Energy Management in the Home." N.p.: Author, [1987].

Mazria, E. The Passive Solar Energy Book. Emmaus, PA: Rodale, 1979.

Tennessee Valley Authority. Enerav Saver Home Standards. N.p: Author, [1981].
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ENERGY-EFFICIENT STRUCTURES

Introduction

Energy-efficient structures result from careful consideration of the following design factors:

1. Site Analysis
2. Home Orientation
3. Configuration
4. Envelope
5. Space Planning
6. Ventilation
7. Heating
8. Cooling
9. Lighting and Appliances

10. Domestic Hot Water
11. Energy Waste Management

All-electric homes in the Tennessee Valley tend to consume the following relative amounts of electricity

for the consumption categories listed:

Heating 44%
Domestic hot water 22%
Cooling 12%
Lighting 10%

Refrigeration 5%
Cooking 4%
Clothes drying 3%

Of course these percentages will vary as locations, homes, heating/cooling systems, appliances,

and even the residents' habits vary.

Assignment

Each group is to complete the student activity sheet assigned to it and then develop a presentation to be

given to the class. First you will meet as a groupto discuss how your assignment isto be completed. Then

plan your group presentation. Try to be innovative in the ways you present your findings. Use examples

from your own homes and school buildings.
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ENERGY-EFFICIENT STRUCTURES

Activity I: SITE ANALYSIS

Homes should be sited to take advantage of natural features of the terrain which offer energy conservationhelp. For example, a home site may offer windbreaks or summer shade. You have probably heard howone can use the sun's energy to heat a home. To benefit from the winter sun's heat, trees nearthe southwall of your home should be deciduous. Using yourpersonal knowledge, perform the following procedure.Afterwards, at home or in the library, you may gather additional information to substantiate yourconclusions.

1. List terrain features which can help to make a home more energy efficient.

2. Explain how each feature can contribute to energy efficiency.

3. Visit the site of a new house or housing development. Examine the siting of the home(s). Draw a mapshowing compass directions, a new home, and natural features which make the new home moreenergy efficient. The map need not be elaborate. Here's an example:

HILL PINE

HOME

MAPLE

SOUTH PN

4. Describe the new home.

5. Using a different color pen, add to your map the landscaping changes you would make to improvethe home's energy efficiency.
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ENERGY-EFFICIENT STRUCTURES

Activity 2: HOME ORIENTATION

The sun can help heat our homes in winter. If we use air-conditioning in summer, the sun can increase

our energy use and bills unless we provide sun controls. Sun controls which might be used include

(deciduous) shade trees, roof overhangs, windows blinds and drapes, and thermal insulation. If the south-

facing glass area is limited to approximately 10 percent of the comfort-conditioned living space area in

a house in the Tennessee Valley, there should be more winter energy savings than summer losses (i.e.,

a net decrease in annual energy used for heating and cooling). Using your personal knowledge, perform

the following procedure. Afterwards, at home or in the library, you may get additional information to

substantiate your conclusions.

1. List the uses of windows.

2. Think about the position of the sun relative to your location. Describe summer sun positions at

daybreak, noon, and sunset. Describe winter sun positions at these same times.

3. If you were a real estate developer and you wished to develop a subdivision in which the homes are

designed to maximize energy conservation, you would have to orient the houses properly. Draw a

simple aerial map showing the compass directions and the meadows and hills where you will construct

the "Sunny Acres" Subdivision. Draw the nearest road that leads into town.

4. Now, plan the access streets which will lead to the main road and select the lot on which you will build

your own new home.

5. Draw your new home on the map. Your map may look something like this one.

JACKSON

I~~~~~~~~~~~~~~~~~~I
HOME' HWY

I.-- ----- II
SHADE TREES SUNNY ACRES

SOUTH

IZFACTORY 4

6. Mindful of your household activities and your intention to use heat from the sun, sketch a simple floor

plan showing the walls, doors, and windows of your new home.

7. How will you prevent unwanted summer sun from entering the windows? How will you prevent heat

loss through the windows during winter? Identify special features you wish to include.
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ENERGY-EFFICIENT STRUCTURES

Activity 3: CONFIGURATION*

People have long been aware of the heating effects of the sun. Utilizing the sun's heat in the winter andavoiding it in the summer helps to cut down on heating and cooling costs. Structures can be designedto conserve energy in both winter and summer. This investigation considers the manipulation of a "roofoverhang" to illustrate using a shading device to promote the natural cooling of a house.
HIGH SUMMER SUN

WINTER SUN / RO

OVERHANG

WINDOW

TILE FLOOR
Perform the following procedure and log your data on the data sheet. Referto the provided drawings forguidance. Be prepared to demonstrate this experimental procedure during the class presentation.

1. Cut a hole in one side of a cardboard box. This will be a window. Make sure the window is placedcloser to the top of the box than it is to the bottom.

2. Paint all the inside surfaces of the box flat black (or cover them with black construction paper).
3. Cut a piece of white posterboard for the roof long enough to make sure the roof covers the entire boxand extends over the edge to completely shade the window.

4. Use plastic wrap to cover and seal the hole in the side of the box. Tape the plastic around the edges.
5. Make a small hole toward the back of the box. The hole should be large enough to insert thethermometer. Make sure the bulb of the thermometer is measuring the air temperature in the box.It should not be in direct sunlight.

*This activity may be used with the whole class.
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6. Tape a ruler to the "roof" piece. This will allow you to easily measure the amount of roof overhang.

7. Set this model "house' up outside in direct sunlight around midday. The window should be facing

south.

8. Place the roof so that the window is completely shaded. Wait about 5 minutes (until the temperature

has stabilized) and record the temperature in the box. Also record the airtemperature outside the box.

9. Move the roof a few centimeters at a time, so that the window is shaded to the different degrees given

in the data table. Each time record the temperature after it stabilizes. Do this untilyou have measured

the temperature of the box when its window is in full sun. Be sure to measure and record the outside

air temperature, too.

DATA TABLE

Amount of roof overhang (cm) when shading: Temp Inside (,C) Temp Outside (0C)

all of the window cm

3/4 of the window cm

1/2 of the window cm

1/4 of the window cm

none of the window cm

10. Estimate the width of roof overhang needed in the Tennessee Valley by sketching to scale the south

wall (assume it is all window) and determining the roof overhang needed when the noon sun is 75

degrees above the horizon. For this exercise, assume the roof is a flat one as in the model.

Discussion Questions

1. Is root overhang important for north-facing windows? Would your answerbe different if you were living

in Australia?

2. From the estimate you made of roof overhang needed in this region, what can you deduce about the

placement of deciduous shade trees to the south?

3. Think about the way the sun seems to move from east to west during a day. What can you say about

shade tree placement to diminish afternoon sun?
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ENERGY-EFFICIENT STRUCTURES

Activity 4: ENVELOPE*

It is important to "weatherproof" a home, that is, to insulate, to caulk, and to weatherstrip doors andwindows, Insulation is any material that slows the movement of heat from one place to another. It slowsthe flow of heat entering the house during the summer; it slows the flow of heat leaving the house in thewinter. The effectiveness of insulation in slowing the flow of heat is measured in resistance or "f-value."The higherthe f-value,the better the insulating potential. Both thickness and composition are importantfactors in insulating effectiveness. For example, fluffy fibrous insulations should not be compressedbefore or during installation. In this experiment you will compare the effects ot both thickness andcomposition on insulating capability. CAUTION: This experiment should be done under yourteacher's supervision.

1. Turn on the hot plate. If it has a "warm" setting, use it. Measure the stabilized hot plate temperaturewith a metal stem thermometer (0-1 00CC) and record it in the data table.

2. Measure and record the thickness of the ceramic tile. Lay it on the hot plate.

3. Measure and record the tile's top surface temperature each minute for 5 minutes. Now take readingsevery 2 minutes for 10 minutes. Take a final reading 5 minutes later. Record all the temperaturesin the data table. Remove the tile from the hot plate using heat-protective gloves.

4. Measure and record the thickness of a piece of plywood. Lay it on the hot plate. Record thetemperatures as you did for the tile.

5. Measure and record the thickness of a piece of fibrous insulation bat. ( If you are using fiberglass,wear gloves when handling it.) Heat the insulation, measuring and recording the insulation's topsurface temperature after 3, 6, 9, 12, and 15 minutes.

6. As a home assignment, plot the surface temperatures of the tile, plywood, and insulation as a functionof time. Which surface's temperature rises faster?

7. Place a beaker of water on the hot plate and heat it until the temperature of the water stabilizes. Whilethe water is heating, make an insulating sheath by inserting a smaller diameter straw inside anotherone, folding the straws at their midpoint and wrapping tape around them to hold the ends together.

8. Insert the thermometer into one of the open ends of the straw sheath, and place the apparatus in thebeaker of water. Use a watch to time how long it takes the temperature measured by the thermometerto equal the water's temperature.

9. Turn off the hot plate.

10. Explain why the insulating sheath you made of straws worked.

*This activity may be used with the whole class.
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Activity 4 (continued)

DATA TABLES

Stabilized Hot Plate Temperature -00

Ceramic tile

Thickness: .. cm

Elapsed Time (minutes) Temperature (,C)

1

2

3

4

5

7

9

1 1

13

20

Plywood

Thickness: cm

Elapsed Time (minutes) Temperature (OC)

11

3

4

5

7

9

11

13

20
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DATA TABLES
(continued)

insulation

Thickness: .cm

Elasped Time (minutes) Temperature (OC)

12
15

Water

WaterTemperature, -"C

Time required to reach water temperature (above) when insulating sheath is used: minutes

DISCUSSION QUESTIONS

1. How well does the tile conduct the heat of the hot plate? Would tile be useful as insulation? Why orwhy not? What about the plywood?

2. How do you think the thickness of the insulation bat affects its insulating ability?
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Activity 5: SPACE PLANNING

The sun's warmth and light can make a good house even better. Think about your own family's activities

and then design the interior room arrangement of an energy-efficient, passive solar home, performing the

following procedure. Afterwards, at home or in the library, gather additional information.

1. Where in the house are family members in the morning, at mid-day, in the evening, and at night? What

kind of space and comfort-conditioning do they need at these times?

2. Draw a floor plan, showing compass directions, for a new home. Lay out the general arrangement.

locate doors and windows, and then partition the space into rooms and storage spaces. Don't forget

the need for convenient emergency exits and good traffic flow patterns.

3. Suggest construction materials (e.g., wood paneling, brick, tile), wall colors (e.g., light, dark, warm,

cool), and lighting types to maximize the convenience, comfort, and energy conservation of yourfloor

plan.
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Activity 6: VENTILATION

Home ventilation is the controlled intake of fresh air, its circulation, and its exhaust. Average homeconstruction results in inside air being exchanged one time each hour. Tight construction can reduce thisto perhaps one-half an air change per hour. Fresh air enters the house through windows, doors, intakelouvers on comfort-conditioning equipment, and infiltration or leakage. Many new homes have kitchenand/or bathroom exhaust fans which tend to induce a flow of outside air by reducing inside pressureslightly. Outside air is sometimes supplied to the fireplace grate. Vents are always included in attic orcrawl spaces to reduce humidity.

Using your personal knowledge, perform the following procedure. Afterwards, at home or in the library,gather additional information to substantiate your statements.

1. Draw the floor plan of a new house to approximate scale, noting on your drawing the compassdirections andthe length, width, and height of your home. (You need not show inside room partitioningunless the ceiling height in the house is not uniform). Calculate the amount of floorspace in the homeand its total air volume. Relate the air volume to anticipated air changes.

2. Make a fairly complete list of the places where air leakage is likely. What are the remedies for eachleak?

3. Discuss different types of windows and doors and rate them for their likelihood to cause air leakage.
4. Where could fixed glass windows (i.e., windows that don't open) be used effectively? Look up in thedictionary the word "clerestory," noting both its meaning and pronunciation. Clerestory windows areoften used in conjunction with "cathedral" ceilings. They do one thing exceptionally well. Can youthink what that might be?

5. Describe what is meant by "cross-ventilation."
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Activity 7: HEATING

Heating is very important in Tennessee Valley homes because we have many cold days and nights. Using

your personal knowledge, perform the following procedure. Afterwards, at home or in the library, find

information to substantiate your choice. You may be able to get a fast overview of heating system types

by talking to a heating contractor.

1. Using the following outline, briefly describe some of the heating systems used in the Tennessee

Valley. Give both their advantages and disadvantages.

A. Room Heaters
a. electric resistance
b. wood
c. gas
d. oil
e. coal
f. solar

B. Central Heating Systems (circulating heated water or warm air)

a. electric resistance
b. heat pump
c. gas
d. oil
e. coal
f. wood

2. Discuss the relative costs of these systems, their efficiencies, and their maintenance requirements.

3. Discuss the likely availabilities and costs of the above fuels during the lifetimes of these systems.

4. Select a heating system for a new Tennessee Valley home. If you were building a home for yourself,

what kind(s) of heating would you use? Why?
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Activity 8: COOLING

Homes in the Tennessee Valley often have window air-conditioners or central air-conditioning systemswhich use compressors and refrigerants to cool and dehumidify inside air. Using your personalknowledge, perform the following procedure. Afterwards, at home or in the library, gather additionalinformation to substantiate your choice. (You may want to talk with a cooling systems contractor for moreinformation.)

1. How would you describe the Tennessee Valley's summer climate? Does it vary widely from east towest? If so, why? Does it vary widely from north to south?

2. Discuss what you know about relative humidity and compare the relative humidities of a steam bathor sauna, a summer baseball game, and a cave. What happens when warm, moist air is suddenlycooled? What happens when you go outside on a cool, breezy day with wet hair?

3. Air conditioners and heaters are usually controlled by thermostats. Do you know how your parentscontrol their cooling system? Do family members agree on daily settings for the cooling systemcontrol? If no one will be home, is it economical to leave your air conditioner running?

4. What do you know about heat pumps? They can be thought of as reversible air conditioners,supplying cool air in summer and warm air in winter. Because they use refrigerants, heat pumps canabsorb heat from cool air in winter effectively. (You won't need to select a separate air conditionerif the "Heating" group selects a heat pump.)

5. Compare the efficiency of different brands of air-conditioners. To do this, you will need to comparetheir Energy Efficiency Ratios (EER). The Energy Efficiency Ratio is defined as the rate at which thedevice removes heat from the surroundings. It is usually expressed in British thermal units (Btu) perhour divided by the rate of energy input (watts) required to operate the machine. Select a groupmemberto call one or two appliance stores to find out what typical EERs are (note brand names also)and what the expected annual operating costs might be (they may not know this).

6. It is important not to have more air-conditioning capacity than is needed. It is better to have one thatruns more and, in doing so, removes more humidity. Make sure the appliance dealers take the energyefficiency of your house into account when sizing a cooling system for it. Air conditioners are oftenrated in tons. A ton of air-conditioning is usually expressed as 12,000 Btu per hour. A window airconditioner may range in size from 3/4-ton to two tons. Find out what size was most often used inhouses that are now 15 to 20 years old. Find out what size is most often used in newly completedhouses of about the same size.

7. Select a cooling system from among those you have researched.
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Student Sheet

ENERGY-EFFICIENT STRUCTURES

Activity 9: LIGHTING AND APPLIANCES

The category "Lighting and Appliances" usually accounts for just over 20 percent of the energy consump-

tion in an average Tennessee Valley all-electric home. Typically the big three users are heating (44

percent), hot water (22 percent), and cooling (12 percent). Lighting consumes about 10 percent of the

electricity used in a typical home. The lesser three are ref rigeration (5 percent), cooking (4 percent), and

clothes drying (3 percent). Yourjob is to select a new home lighting system, explore ways to select energy-

efficient appliances, and make suggestions for managing home energy use wisely. Perform the following

procedure. Afterwards, at home or in the library, gather additional information to substantiate your

conclusions.

1. Although sharp changes in light intensity should be avoided, adequate light should be directed to

areas that especially need it, e.g., where people read, at a work bench, or on the kitchen counter.

Fluorescent lighting tends to be cooler than incandescent lighting and about twice as efficient. The

term "cooler" means both cooler in terms of temperature and in having a cooler appearance to the

eye. Mixing in some incandescent lighting produces a warmer, cheerier look. With these things in

mind, and supplying personal knowledge and opinion, design a lighting system for a new home. Draw

a sketch showing light fixture placement in the kitchen, the living room, and a bedroom. Try to decide

what light-related qualities wall and floor coverings should have. Don't forget to consider window

placement and how it will affect lighting needs.

2. Here are some estimates of the annual energy consumption of various appliances. The numbers are

kilowatthours.

range with oven 1152 clothes dryer 1000

microwave oven 300 clothes washer 624

frying pan 190 dishwasher 1560

coffee maker 110 hand iron 150

toaster 40 color tv,
clock 18 solid state 440

mixer 10 b&w tv,
refrigerator/freezer, solid state 120

17 cu ft, 2-dr, radio/phonograph 110

auto defrost 1200 vacuum cleaner 50

attic fan 300 dehumidifier 400

ceiling fan 130 electric blanket 150

Select one appliance that uses a lot of energy and find out (1) if annual average energy use for diff erent

brands are available, (2) how three brands with the same features compare in energy consumption,

and (3) if the number given in this table is reasonably accurate.

3. Forthe appliance selected, list some measureswhich, if followed,will reduce its energy consumption.
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Student Sheet

ENERGY-EFFICIENT STRUCTURES

Activity 10: DOMESTIC HOT WATER

The average Tennessee Valley family uses approximately 5,400 kilowatthours of electricity in a year to
heat water. Using your personal knowledge, perform the following procedure. Afterwards, at home or
in the library, gather additional information to substantiate your conclusions.

1. Here are some ways to reduce the energy consumed by heating water:

a. Fix leaking faucets.
b. Use shower flow restrictors.
c. Insulate your water heater.
d. Set the water heater thermostat at a lower temperature, if possible.
e. Take showers instead of baths.
f. Take cooler showers and make them short.
g. Try washing clothes with cold water.

Discuss these with other members of your group and with your parents. Check your own home
for compliance.

2. List the advantages and disadvantages of the following kinds of water heaters (if you do not know
how they work, find out):

a. electric water heater
b. gas water heater
c. heat pump water heater
d. simple solar preheater for water (water runs through a garden hose inside a solar collector

box before filling the water heater)
e. solar water heater

3. If an electric water heater uses 5,400 kilowatthours annually and a natural gas water heater uses
25,000 cubic feet of natural gas, determine how much each will cost to run annually. Your local
gas and electric utilities can help you.

4. Select a water heater for a new home and explain your choice.
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Student Sheet

ENERGY-EFFICIENT STRUCTURESi

Activity 11: ENERGY WASTE MANAGEMENT

Managing energy use and waste in the home can be a difficult subject to understand. Three important
elements of energy waste management are preheating, heat exchanging, and recycling. Although these
are most commonly though of as being practical for industries, large buildings (like schools and office
buildings), and other large energy consumers, homeowners can benefit from energy waste management,
too. From your personal knowledge, answerthe following questions. Afterwards, at home or in the library,
gather additional information for your presentation.

1. There are a few uses of preheating in the home. One example is a passive solar water heater which
preheats wafer before tilling the water heater with it. Another example is taking frozen food from the
freezer and letting it thaw on its own before cooking it; this saves cooking time and energy. Can you
think of any other examples of preheating?

2. A heat exchanger is a device by which heat is transferred from one material or fluid to another. For
example, an automobile radiator is a heat exchanger by which a water/antifreeze mixture, used to cool
the engine, loses waste engine heat to outside air forced through radiator passages. The water is
cooled for re-use by outside air. However, most of the heat picked up by the outside air is not used.
How does the automobile use some of it?

3. Are there heat exchangers in the house? How does the air conditioner cool household air? How does
the heat pump heat inside air? What other heat exchange applications in the home can you list?

4. List materials used in or around the home which can be recycled. List materialsfound in your garbage
can which can be recycled.

5. Would you recommend any energy waste management systems for a new home? Rate their costs
by using the following comparisons: (a) How would the systems compare in cost to a central heating
and cooling system? (b) How would they compare in cost to a refrigerator? (c) How would they
compare in cost to a water heater?
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THE ELECTRIC HOOKUP

OBJECTIVES SUBJECTS:
General Science, Physical Science

The student will do the following:
TIME:

1, Determine the wattage of various 3 class periods (over 2 weeks)
household appliances.

MATERIALS:
2. Calculate the number of kilowatthours student sheets (included)

used by appliances.

3. Identify the need to limit the use of appliances
to conserve energy.

4. Identify costs per kilowatthour (kWh) of appliances.

BACKGROUND INFORMATION

A list of all the energy-using appliances and equipment in an average American home would show why
it is estimated that a well-equipped home consumes as much as 35,000,000 British thermal units (BTU)
of energy each year to operate. Considering that much of this energy is wasted, a great opportunity for
energy conservation exists.

The first step toward conservation is to gain a better understanding of the energy consumption of each
appliance or piece of equipment. An appliance's wattage is an indicator of how much electricity is used
while operating the appliance. An appliance requiring 1,000 watts would use one kilowatthourof electricity
during one hour of operation. For example, the average mixer uses 127 watts. This 127 watts divided
by 1000 watts/kilowatthour of operation equals 0.127 kilowatthour. If the mixer is used for 6 minutes,
0.0127 kilowatthour of electricity has been used.

PROCEDURE
I Introduce the activity by sharing with the class the information in the background section above.

II. Distribute the student sheet "WATTAGE RATINGS," included. Have the students bring in wattage
ratings from various appliances around their homes. Ask each student to choose appliances that use
different amounts of energy and that produce different kinds of energy from the electricity they use
(e.g., heat, sound, or motion). Caution the students not to move large appliances by themselves to
obtain wattage ratings. Have them seek permission and aid from parents to locate wattage rating
information. (Check the owner's manuals before moving appliances.) Use appliances in the school
as examples. Students may be assigned different equipment to ensure a wide range and thorough
investigation of household appliances. Student sheet answers (in terms of kilowatthours of energy
required) may be expanded to annual use by determining daily orweekly use and multiplying. If you
prefer, use the student sheet "APPLIANCE ENERGY USE," included.
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III. Distribute the student sheet "HOW TO READ YOUR METER" included.

A. Tell the students to record daily meter readings at home for two weeks, and then to bring in an
old utility bill along with the data they will have accumulated.

B. Review the information recorded on their utility bills. Then, have each student calculate the
charge per kilowatthou r by dividing the energy charge by the number of kilowatthours used in his!
her home for that month's bill. (Be sure to use only the energy charge; do not include other fees
the utility may assess.) Typical residential rates in the Valley region average less than $0.06 per
kWh.

C. Have each student relate the amount spent on one month's electric bill to something that is
pertinent to his/her own life. For example, students may relate the electric bill to car payments,
the cost of music tapes, stereo equipment, school books, or athletic shoes. Solicit several
examples from the class.

IV. After completing the activities on the student sheets, distribute the student sheet "MAKING
CHOICES," included. Are the students willing to change their habits and attitudes, and possibly their
lifestyles, to conserve energy?

V. Continue with the follow-up below.

FOLLOW-UP

I. Discuss the negative feelings the students may have about conserving electrical energy. What are
the negative aspects of conservation? (By now, the benefits should be obvious-saving money and
resources.) Conservation often takes self-discipline, development of routine habits, imposing rules
upon oneself, lifestyle changes, and changes in purchasing patterns. Oftentimes these things are not
fun or easy for people to accept. What ways can the students think of to motivate themselves and
others to conserve?

II. Discuss some practical ways in which students can improve energy conservation in their own homes.
Ask, "In what area is your family conserving energy best?" (for example, turning off lights). Ask, "In
what area is your family not conserving energy well?" (for example, leaving the TV on while no one
is watching). Are any of the students' families involved in serious energy conservation efforts such
as the use of solar water heaters, automatic timers on heating/cooling systems, high-efficiency
appliances and/or lighting, or other innovative conservation methods? Can the students recommend
effective conservation practices to their classmates?
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Student Sheet

WATTAGE RATINGS

Check four different appliances for their wattage ratings. Using the conversion to kilowatthours
(kwh), calculate the electricity usage for each appliance.

Appliance:

watts i-1,000 watts/kWh per hour of operation = kWh

Appliance:

watts ±1,000 watts/kWh per hour of operation = kWh

Appliance: 

watts ±1,000 watts/kWh per hour of operation = kWh

Appliance:

watts ±-1,000 watts/kWh per hour of operation = kWh

Using the table below, see how much energy the appliances you checked consume in equivalents of oil
or coal.

ELECTRICAL APPLIANCE ENERGY TABLE

Appliance Kilowatthours of Ounces of Oil Ounces of Coal
Wattage Rating Electricity Used per Hour Burned per Hour Burned per Hour

10 0.01 0.01 0.13
25 0.025 0.025 0.33
40 0.04 0.4 0.5
60 0.06 0.6 0.8

100 0.1 1 1.33
150 0-15 1.5 2
200 0.2 2 2.66
300 0.3 3 4
500 0.5 5 6.66
750 0.75 7.5 10

1000 1 10 13.33
1500 1.5 15 20
2000 2 20 26.66
5000 5 50 66.66
10000 10 100 133.33
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Student Sheet

APPLIANCE ENERGY USE

Think about burning ten 100-watt light bulbs for one hour. That's the amount of electricity equivalent to

one kilowatthour (kWh). Just as you pay for gallons of gas, quarts of milk, and loaves of bread, you pay
for kilowatthours of electricity.

The chart below shows the average number of kilowatthours of electricity that various appliances use.*
If you're interested in how much it costs to operate one of these appliances for a month or a year, contact

your local utilities company.
AVERAGE KWH USED

Kitchen AgDpiances Annually Monthly
Range w/self-cleaning oven 1224 102
Range w/oven 1152 98

Microwave oven 300 25
Frying pan 190 16
Coffee maker 110 9
Toaster 40 3
Mixer 10 1
Food disposer 30 3
Dishwasher 1560** 130

Refrigerator/freezer -
16-25 cu ft side-by-side
model, automatic defrost 2160 180

Refrigerator/freezer -
14 cu ft automatic defrost 1800 150

Refrigerator/freezer -
14 cu ft manual defrost 1200 100

Refrigerator/freezer -
17 cu ft, 2-door, high
efficiency, automatic defrost 1200 100

Freezer, 15 cu ft automatic defrost 1800 150

Freezer, 15 cu ft manual defrost 1200 100

Laundry APPliances
Clothes dryer 1000 83

Clothes washer 624" 52

Hand iron 150 13

Other AD2lances
Quick recovery water heater 5400-* 450
Vacuum cleaner 50 4
Clock 18 2
Toothbrush 0.5 0.04
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Student Sheet

APPLIANCE ENERGY USE
(continued)

AVERAGE KWH USED
Entertainment APohiances Annually Monthly
Color TV 660 55
Tube Type 440 37
Solid State 440 37

B&W TV
Tube Type 350 29
Solid State 120 10
Radio/phonograph 110 9

Comfort Appliances
Electric furnace 13200***** (Seasonal)
Heat Pump 6600**" (Seasonal)

Air conditioner, Central, per ton 1500***** (Seasonal)
Air conditioner, Room, one ton 1500 (Seasonal)

Dehumidifier 400 33

Electric blanket 150 (Seasonal)

Attic fan 300 (Seasonal)

Ceiling fan 130* (Seasonal)

These figures are averages and will vary depending on the user's habits and lifestyle.
Includes kWh for heating water used by appliance.
This value accounts for all hot water usage, including dish washing and clothes washing-
Heat only.
Based on 1,500 sq ft house insulated to meet TVA standards for energy efficiency. If your house
does not meet these standards it may use considerably more electricity during the heating and
cooling seasons.

CN-65



Student Sheet

HOW TO READ YOUR METER

In order to read an electric meter you must read from left to right. You must also determine which way

the hands are turning on each dial.

Example: 2 P a The 1 is to the left side of
the dial. This would indicate
the hand is turning counter-

4 5 6 clockwise.

9 0 i
8 2k Here the 1 is to the right

side of the dial, indicating
7 3 the hand turns clockwise.

654

Write down the number each hand has passed. This may not be the number nearest the hand. For

instance, if the hand has passed the 4 and is almost to the 5, you still read it as 4. Write down the numbers
in the same order as you read the dials, from left to right.

In the example given, the reading is 46372. If the last reading was 45109, subtract 45109 from 46372.
This will give you the number of kWh used.

90 19 901 
8 2 2 8a 2 2 
713 3 L 3 ksv3; 3

4 4 46 4

That is all there is to reading a meter, with one exception. If a hand points straight at a number and you
do not know if it has passed the number or not, then look at the dial to the right. Has its hand passed zero?

To analyze your family's electricity use, read your meter daily for about two weeks, at approximately the

same time each day. Record the readings on the following table.
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Student Sheet

HOW TO READ YOUR METER
(continued)

DAILY USE OF ELECTRICJTY IN MY HOME

kWh COST
DATE TIME READING USED DAILY (kWh X _ _

1.

2.

3.

4.

5.

6.

7.

@ 8~~~~. 
_

10.

11.

12.

13.

14.

*Current kWh cost; e.g., $0.056 per kWh in 1990.
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Student Sheet

MAKING CHOICES

Pretend that the government has announced that, because of an energy crisis, electricity will be rationed.

According to a new regulation, homeowners will be permitted to own and use no more than 12 electrical

items other than lighting and heating/air conditioning systems. Listed below is a variety of items which

use electricity and are often found in American homes. Choose the 12 items you feel would be most

essential to you and rank them from 1 to 12 (1 being the most important, 12 the least). Be prepared to

defend your choices.

_ Television Electric can opener

Automatic coffeepot Makeup mirror

Dishwasher Waffle iron

Blender Vacuum cleaner

Electric mixer Fan

Electric shaver Sewing machine

Electric clock Water heater

Curlers/curling iron Stereo

_ Electric typewriter Electric stove

Microwave oven Toaster oven

Telephone answering machine Freezer

Electric blanket Computer

Garbage disposal VCR

Refrigerator Iron

Washer/dryer Griddle

Food processor Crock pot

Electric knife Power tools

Toaster Hair dryer
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RECYCLING

OBJECTIVES SUBJECTS:
General Science, Physical

The student will do the following Science

1. Discover the energy savings from which TIME:
Americans could benefit if they became 3-4 class periods
involved in recycling.

MATERIALS:
2. Learn some of the processes of recycling, student sheets (included),

Activity 2 - electric blender, frame
with wire screening, newspapers,
baking dish or pan, pair of white
desk blotters, large spoons, paper
towels, electric iron, rolling pin
(optional)

BACKGROUND INFORMATION

Our society is considered a"throw-away" society. We consume natural resources at an alarming rate for
products such as paper, aluminum, oil, glass, plastic, and various metals. Most of these products are
used once, then discarded. Disposing of this huge amount of waste has become a major problem.
Recycling these products would reduce the volume of waste and perhaps lowerthe cost of producing new
products for consumers.

Paper is one of the most easily recyclable materials. Despite the ease of recycling paper, only 25 percent
of the newsprint, 40 percent of used corrugated material, and 20 percent of high-grade waste paper is
recycled in this country. Newsprint makes up about 10 percent of all urban solid waste. For each ton of
discarded newsprint that is recycled, the equivalent of 17 trees can be used for other purposes. Recycling
paper also reduces the volume of solid waste disposed of in already overburdened landfills.

Aluminum is made primarily from imported bauxite ore. Recycling aluminum requires less than 5 percent
of the energy used to process aluminum from the ore. The U.S. Bureau of Mines estimates that $5 billion
worth of recyclable aluminum is discarded in the U.S. every year. Also, aluminum waste causes a major
problem in landfills because it is nonbiodegradable. Today, recycling centers are purchasing waste
aluminum from citizens in an attempt to curb this growing problem. For the recycling collection point
nearest you, callthe Reynolds Aluminum Recycling tollfree number (1 -800-228-2525) or look in the yellow
pages under "Recycling Centers."

Another readily recyclable material is used oil drained from engines of automobiles when their oil is
changed. Even a small amount of oil can contaminate drinking and surface water, making it unfit for
humans and wildlife. Recycling oil not only prevents environmentally harmful disposal, it also helps save
nonrenewable oil resources. It takes 1/42 as much crude oil to make lubricating oil if recycled oil is used:
yet, it is estimated that 50 percent of recyclable oil is lost through dumping or incineration.

Glass accounts for at least 10 percent of municipal solid waste, yet it is one of the easiest materials to
recycle. Recycling glass would help save valuable landfill space.

CN-69



Recycling plastic is beginning to be feasible. Plastics are made from nonrenewable oil resources, so
recycling them is an especially attractive option. Plastics pose a problem in landfills, because they are
nonbiodegradable; recycling them would also conserve landfill space.

PROCEDURE

I. Using the background information, introduce the concept of recycling to the class.

II. Ask the students to help generate a list of reasons why they think it is important for people to recycle.
Write the list on a large sheet of paper, and leave it posted in the classroom so that students can refer
to it. Some items that should appear on the list are listed here.

Recycl'n 
reduces the consumption of dwindling supplies of natural resources.

0conserves energy.

* reduces the problems of overburdened landfills.

*reduces air, water, and soil pollution.

* keeps citizen awareness of environmental problems alive because it requires citizens' direct
participation.

Ill. Have each student sign up for one activity on the 'ACTIVITY SIGN UP SHEET," included. There are
15 activities altogether. The activities are designed to be completed by one student or pairs of
students. Give the students several weeks to complete their projects. Several students will need to
schedule class time to complete their assignments. For example, Activity No. 6 requires that the
students perform a commercial about recycling for the class.

IV. When all the activities have been completed, continue with the follow-up below.

FOLLOW-UP

I. Ask the students if they think recycling really works. Do any students' families already recycle?

II. What will happen if we do not recycle? Can the students think of some of the possible long-term effects
of discarding so many materials?

Ill. What role does recycling play in the environmental pollution problem?

IV. Has the information learned in this activity made the students consider changing their attitudes or

behavior regarding recycling?

RESOURCES

Alabama Environmental Quality Association. Recycling: Unburied Treasure. Montgomery: EnviroSouth,
Inc., 1981.

The Recvclooedia. Montgomery: EnviroSouth, Inc., 1982.
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ACTIVITY SIGN-UP SHEET
FOR

RECYCLING ACTIVITIES

STUDENT NAMES

1. Design a game to teach people about recycling.

2. Make fresh paper from used newspaper, then write a list of facts about the paper
industry on your homemade paper and hang it inthe classroom. (Ask your teacher for
the instruction sheet on how to make paper.)

3. Put together a brochure on recycling centers in your community, and list their rules forsubmitting recyclable materials. Give a copy to each student in your class.

4. Set up a program for recycling paper, glass, and aluminum at your home. Involve yourfamily for a two-week trial period. Write a two-page report on the program's effective-
ness (problems you had, how much material you collected, the convenience of
continuing, etc.) and turn in your evaluation to your teacher.

5. Set up a paperrecycling program for yourclassroom. After atwo-weektrial, write atwo-
page report on the effectiveness of your program (problems you encountered, theamounts of material and money you collected, how much you would collect if youcontinued the program for a year, etc.) and turn in your evaluation to your teacher.

6. Create a commercial publicizing the need for recycling. Use music, costumes, or othermedia. Schedule with your teacher a time to perform the commercial for the class.

7. Plant a trash garden. Get permission to dig up a small plot of land on the school ground
(or at home); then bury several kinds of trash. After a few months, dig up the trash andmake a presentation to the class about your findings.

8. Design a comic book to encourage recycling.

9. Research and write an article about yourcommunity's involvement in recycling. Submit
it for publication in your school's or community's newspaper.

10. Develop a coloring book on recycling for kindergartners.

11. Do a community photography study of trash and recycling. Mount your photos as anexhibit, (on a board) or in a book. Caption each one.

12. Arrange with yourteacher and the custodian not to have the classroom cleaned forone
week. Write a report recording how students feel about the room atthe end of the week,
what materials have accumulated, and how much of the waste can be recycled.

13. Research where used automotive oil goes in your community. Trace where it travels
from the time you buy it until it completes a cycle of use (through disposal). Using anillustrated chart of your own design, present your findings to the class.

14. Research the use of aluminum cans. Trace where the aluminum travels from the time
you purchase it in the form of cans until it completes a use/disposal cycle. Using anillustrated chart of your own design, make a presentation on your findings to the class.

15. With your teacher's approval, create your own recycling project. The project must
examine some aspect of recycling and a written or illustrated piece must be produced.
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Student Sheet

INSTRUCTIONS FOR MAKING PAPER
(Recycling Activity 2)

Materials

Electric blender

Frame with wire screening (5 x 7" or 8 x 10")

Stack of newspapers

Baking dish or pan (approximately 14-1/2 x 10 x 2-1/2")

Pair of white desk blotters

Large spoons

Paper towels

Electric iron

Rolling pin (optional)

Procedure

Tear the newspapers into small strips. Place them in the blender, filling it 1/3 full. Add waterto the strips

until the blender is 2/3 full. Blend 3 to 5 seconds. Add some more paper and blend.

Pour the "mush" mixture into the baking dish. Add water to bring the mixture to a 1 - inch depth in the pan.

Mix well.

Spoon the mixture onto the framed screen evenly. Hold the screen overthe pan, allowing excess moisture

to drip off.

Place the long edge of the screen onto one of the blotters and flip it over. Use paper towels to blot excess

moisture seeping through screen.

Remove the paper and the blotter from the screen carefully. Place a second blotter opposite the first

blotter, sandwiching the "paper' between them. Place the "blotter sandwich" onto a pad of newspaper.

With the iron set at the temperature for wool, iron the first blotter. Flip the sandwich over and iron the

second side. Carefully peel the blotters off. If the paper is not dry, iron it more. (A rolling pin may be used

to flatten the paper before ironing.)
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CUTTING COSTS WITH CLOTHING

OBJECTIVES SUBJECTS:
General Science, Home

The students will do the following: Economics

1. Learn about the insulation ability of TIME:
various fabrics- 3-4 class periods

2. Learn how color relates to the energy- MATERIALS:
conserving effectiveness of the fabric tables and chairs, 3 lamps,
or garment. fabric swatches, ice cubes,

hangers, clothes pins, ruler,
3. Use various fabrics for comfort in 3 watches, charts, T-shirts,

different weather or climate conditions. towels, student sheet (included)

BACKGROUND INFORMATION

In today's energy-conscious society, people are striving to set thermostats at more efficient levels in
offices, businesses, and homes. Often this makes the clothing one wears essential for comfort. The
coolerthe weather, the more clothing required, and conversely, the warmerthe weather, the less clothing
required.

The kind of fabric from which clothing is made also affects its ability to keep us warm or cool. The
absorbency of a fabric (its ability to absorb or repel water), the amount of air space within the weave, and
its color all have major effects on keeping us warm when it's cold or raining or cool when hot weather
causes us to perspire. The key to the effective use of clothing as an energy conservation tool is to
recognize the importance of maintaining a relatively constant body temperature. One should choose
clothing that retains body warmth in cool weather by creating a still air space around the body orthat helps
keep the body cool in warm weather by allowing perspiration to evaporate and air to circulate.

PROCEDURE

I. Using the background information, introduce to the class the idea that clothing can have a significant
effect on efforts to conserve energy. By choosing appropriate clothing, we can be less dependent on
heating and cooling systems for our comfort.

II. Divide the class into three groups. Tell the students their task is to test the ability of certain fabrics
to insulate. Assign each group one of the following fabric categories:

Protein fibers - fabrics made from animal products such as wool or silk.
Cellulose fibers - fabrics made from plant products such as cotton, linen, ramie, and rayon.
Thermopnaptiis - fabrics made from petroleum (or other materials) such as acrylics, nylon, acetate,

and polyester.
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Ill. Give each group a lamp with a 60-watt bulb, a clothes hanger, a few clothes pins, a bucket of large
ice cubes, a towel or two, a watch, and several samples of cloth from their assigned category. Give
each student a copy of the student sheet (included).

A. Have them set up the equipment as shown in
the diagram. There should be approximately
15 cm between the light bulb and the fabric
sample, and 15 cm between the ice cube and
the fabric sample. The light bulb, the cloth,
and the ice cube should be at approximately
the same height. Students can hold the
hanger in the proper position or hang it from
above. Caution students not to touch the
uncovered light bulb or trip over the cord.

B. Before they begin testing their fabrics, have each group time and record on the Fabric Insulation
Chart (on the student sheet) how long it takes an ice cube to melt with no heat applied. Then have
them time and record how long melting takes with the lamp turned on but no fabric insulation
between the lamp and the ice cube.

C. Have the students time how long it takes an ice cube to melt as each kind of fabric acts as an
insulator between the heat source (the lamp) and the ice cube. Record the data on the chart,
calculating the number of minutes required for the ice cubes to melt in each instance.

D. Ask the students to answer the following questions:

1. Which fabrics delayed the ice cube melting the most? the least?

2. Which fabrics would you use to insulate your body if you wanted to keep it warm? cool? What
are some other factors you might consider?

E. Compare all the data collected by the different groups.

IV. On another day, introduce the idea that color affects the ability of fabric to reflect or absorb energy.

A. Have each student bring a cotton T-shirt from home. Sort them into colors, i.e., dark from light,
reds, greens, and so forth.

B. Perform the following demonstration/experiment in a dark room.

C. Set up a lamp with a 60-watt bulb ap-
proximately one foot away from a
white wall. (See the diagram.) Hold
aT-shirt approximately one foot away
from the lamp. There should be a
circular reflection cast on the wall.
Try this for each selected shirt.

CN-74



D. Have someone measure the diameters of the reflections made by different colors and have the
students record the data on the Fabric Reflection Chart.

E. Compare how the reflection's diameter changes with different colors of T-shirts. (The bigger the
diameter, the more light is reflected.) What can the students conclude about how color affects
fabric and its ability to reflect or absorb energy? Which colors would be warmer on a cold day?
cooler on a hot day?

V. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students if they feel they have become better consumers because of what they have
learned. Will they purchase clothes differently now?

II. How can this information help students conserve energy in their homes?
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Student Sheet

CUTTING COSTS WITH CLOTHING

Melting time, no heat applied: .. minutes

Melting time, no fabric insulation: minutes

FABRIC INSULATION CHART

FABRIC TYPE START TIME STOP TIME MELTING TIME

FABRIC REFLECTION CHART

FABRIC COLOR REFLECTION DIAMETER (ft or in)
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ENERGY-EFFICIENT COOKERY

OBJECTIVES SUBJECTS:
General Science, Home

The student will do the following: Economics

1. Identify recipes that require little energy TIME:
use in preparation. 2 class periods

2. Research tips for the efficient use of ranges MATERIALS:
for effective energy conservation, reference materials on menu

planning and use of ranges,
3. Compare low energy-use recipes, bulletin board

BACKGROUND INFORMATION

Cooking may require a great deal of energy. Long preparation times, especially long periods of oven use,significantly increase energy consumption. In warm weather, such cooking methods increase the energyuse of the house's cooling system. Lowering the energy consumption of one's cooking methods can savemoney and even time. The key is careful planning.

For example, plan warm weather meals consisting of cool dishes like salads and cold meats. Plan coldweather meals in which several dishes can be cooked at the same time in the oven, or plan meals basedaround soups, stews, or stove-top casseroles.

Using appliances like micowave ovens, electric trying pans, and toasters rather than regular ovens orranges can also save energy. If ovens or ranges must be used, proper maintenance and good use habitshelp improve their efficiency:

* Keep the oven and eyes clean for better reflection of heat and quicker cooking.
* Do not peek into the oven; each time the door is opened, the temperature drops 250 to 500F.* Preheat an oven for no more than 10 minutes (or not at all for many foods).
* Cover pots and pans on the range to retain heat energy.
* Thaw frozen foods before cooking to reduce cooking time.

Some energy use statistics on cooking appliances are:

Cooking Appliance Ava. Annual kWh' Avg. Watts
Electric range with oven 1152 12,200
Electric range w/self-cleaning oven 1224 12,200
Microwave oven 300 1,450
Electric frying pan 190 1,196
Deep fryer 83 1,448
Broiler 100 1,436
Roaster 205 1,333
(continued on next page)
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Cooking Appliance Ava. Annual kWh* Avg. Waifs

Waffle iron 22 1,116

Coffee maker 110 894

Toaster 40 1,146

Mixer 10 127

Gas appliances (Contact your local gas company.)

*Average watts, multiplied by hours used and divided by 1000, equals kilowatthours.

PROCEDURE

I. Using the background information, discuss with the students how energy can be saved when cooking.

II. Have the students compose a dinner menu for four. The menu should include at least three recipes.

It should be nutritionally sound and have foods from a variety of food groups. Have the students

indicate on each recipe approximately how many watts of electricity it would take to cook the meal.

Ill. Have the class compare the menus. How energy-efficent were they? Was it difficult to plan these

meals? Are the meals attractive and healthy?

IV. Continue with the follow-up below.

FOLLOW-UP

I. Ask the students if they have become more aware of ways to conserve energy when cooking.

II. Have they discovered any techniques which they intend to use again?

RESOURCES

"Kilowatt Counter: A Consumer's Guide to Energy Concepts, Quantities, and Uses." Alternative Sources

of Ene~r, N.p.: n~p., 1974.

Tennessee Valley Authority. Appliance Energy Use Fact Sheet. N~p.: Author, n.d.
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GLOSSARY

amperage: the strength of an electric current expressed in amperes.

ampere (A): the metric unit for electrical current; the term is often shortened to "amp."

bauxite: the principal ore of aluminum; a mixture of hydrated aluminum oxides and other mineral
compounds.

British thermal unit (Btu): the amount of heat energy required to raise the temperature of one pound
of water one degree Fahrenheit.

caulking: material used to seal seams, cracks, and joints, making them water- or airtight.

clerestory: a windowed outside wall of a room or building that rises above an adjoining roof; used for
light and (sometimes) ventilation.

conservation: the wise and efficient use of a resource.

cubIc foot: volume of gas measuring one foot by one foot by one foot.

dehumIdify: to remove moisture from the air.

demand charge: charge based on the higher number of kilowatts demanded by an industry in a given
period of time; it is assessed to industrial customers in addition to the charge for the number of
kilowatthours of electricity used.

efficiency: the ratio of effective or used output to the energy input of a machine or system.

energy: the ability to do work.

energy efficIency ratio (EER): the rate at which heat is removed from the surroundings (expressed in
Btu per hour), divided by the rate of energy input or power (in watts) required to operate the machine
and its air blower.

fluorescent lighting: electric lights that emit visible light when electric current is passed through agaseous medium within them; the resulting radiation bombards the coating of the inside surface of the
light, causing it to give off visible light (i.e., to fluoresce); much more energy-efficient than incandes-
cent lighting.

foot-candle: a unit used to measure the intensity of light; equal to the amount of illumination of a surface
that is one foot away from a light source giving off one lumen per square foot.

fossil fuel: a hydrocarbon fuel formed from the remains of ancient plants and animals; coal, oil, and/or
natural gas.

heat: the internal energy of a body; a form of kinetic energy resulting from the random motions of
molecules.

heat exchanger: a material or a device by which heat energy is transferred from one material or place0 to another.
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hydroelectricity: electricity produced by generators powered by the energy of falling water.

incandescent lighting: electric lights in which a filament is heated, to the point of giving off visible light,
by electric current passing through; much less energy-efficient than fluorescent lighting.

Insulation: a material that prevents or retards the flow of heat.

kilowatt (kW): a unit of electric power equal to 1,000 watts.

kilowatthour (kWh): the use of 1,000 W of electricity for a period of one hour; a common measure of

electrical energy usage.

lumen: a metric measurement of light intensity.

mercury vapor lighting: electric light in which the emission of visible light results from an electrically

caused discharge in a mercury vapor; used as a source of ultraviolet light and for outdoor lighting.

miles per gallon (mpg): the number of miles traveled per gallon of fuel consumed; a measure of a

vehicle's fuel efficiency.

nonrenewable resource: a resource that cannot be replaced or regrown once it is consumed.

odometer: an instrument that indicates the distance traveled by a vehicle.

petroleum: a naturally occurring flammable liquid consisting of a mixture of complex hydrocarbons;
crude oil.

pollution: the contamination of soil, water, or the atmosphere by the discharge of wastes or other

offensive and/or harmful materials.

recycle: to separate a given waste material from other wastes and process it so that it can be used again

in a form similar to its original use; for example, newspapers recycled info newspapers or cardboard.

relative humidity: the ratio of the amount of wafer vapor in the air at a certain temperature to the

maximum capacity of the air at that temperature.

resource: something that can be used to make something else; for example, fuels can be used to

generate electricity, or raw materials can be used to manufacture products.

sodium vapor lighting: electric lights in which an electric current in a sodium vapor and neon gas mixture

causes a luminous discharge; these yellow lights are used to light streets and highways.

waste heat: heat generated by some fuel-consuming process but not utilized; may actually be a harmful

by-product that must be disposed of somehow.

watt (W): a metric unit of power equal to one joule per second; the rate of work.

weatherstripping: narrow pieces of material used to cover or seal the cracks around doors and windows

to prevent air from leaking through them.
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ALTERNATIVE ENERGY SOURCES

We are searching for less expensive, more reliable, and less environmentally harmful energy sources.
The increasing prices of conventional, heavily-used fuels;the impending depletion of domestic oil and gas
reserves; the possibility of political interruption of foreign oil supplies; and increasing social and environ-
mental concerns have led us to realize that we must not only conserve energy, but also find new ways
to provide the energy we need.

For purposes of our discussion here, all energy comes from resources which can be classified as either
renewable or nonrenewable. Renewable, or nondepletable, energy resources include the sun, wind,
crops and forests, and water. Nonrenewable, or depletable, energy resources include fossil fuels-coal,
oil, and gas. Uranium, used to fuel nuclear power systems, is also depletable.

The "energy crisis," brought on by the oil embargo imposed on the United States (U.S.) by the Arab
members of the Organization of Petroleum Exporting Countries (OPEC), began late in 1973. In 1974, 94
percent of allthe energy usedinthe U.S. was from nonrenewable resources-meaning that only 6 percent
was from renewable resources. During the years following, energy prices escalated, and yet, the
consumption of nonrenewable energy resources continued at a high rate. In 1983, 91 percent of the
energy used inthe U.S. was stillfrom nonrenewable sources-only a slight reductionfromthe 1Y74figure!
As we approach the end of the 20th century, we still rely on depletable sources for about 90 percent of
our energy.

A number of renewable energy resources are being investigated as possible alternatives to traditional
nonrenewable resources. Much attention has been given to energy derived directly from the sun. (Solar
energy is addressed in a separate chapter.) Some alternative energy sources are not viable optionsfoy or
the Tennessee Valley region, although they may be extremely attractive possibilities in other places.
Examples include geothermal energy and tidal power. The alternative energy sources that are most
applicable in the Tennessee Valley are biomass, wind, and waste.

Biomass is a general term for all of the materials of living (organic) origin-plant materials and animal
wastes-from which we may obtain energy. The chemical energy stored in biomass is a form of solar
energy. Plants capture solar (light) energy through photosynthesis, converting carbon dioxide and water
into higher-energy compounds, such as carbohydrates. Trees, grains and other crops, aquatic plants,
and animal manures are the principal sources of biomass. These raw materials can be burned to produce
heat, which may be used directly or used to produce steam for direct use or for driving a generator to
produce electricity. Biomass can also be converted into liquid or gaseous fuels and petroleum substitutes.

Using the energy obtainable from biomass is nothing new; it is the oldest known source of fuel. People
have always burned wood and other plant materials (and animal manure). Even today, much of the world's
population depends on this simplest use of biomass to supply energy, primarily for cooking. Wood
remained the chief source of energyinthe Westernworld untilthe industrial revolution,when coal replaced
it as the primary energy resource. Today, oil is the primary energy resource in the U.S., largely due to
the use of the automobile. We still use coal heavily; coal-fired powerplants generate most of the electricity
we use. Biomass can help supply fuels for residences, vehicles, industries, and power plants. The use
of biomass can be on a large industrial/commercial scale ora very small scale, for example, using awood-
buring stove to heat one's home.
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Energy from biomass is important in the Tennessee Valley and may well become even more important
in the future. We have extensive and well-located sources of biomass, such as forest and agricultural
lands. Major potential benefits of increased employment of biomass include the constructive use of
wastes that otherwise contribute to pollution, the opportunity to improve forest productivity, and the
displacement of more environmentally harmful energy sources.

The current most popular biomass uses-wood for residential heating and alcohol fuel from grains-have
some potential for environmental damage, as does the use of any energy source. Large increases in wood
stove use may lead to increased air pollution and house fires resulting from their improper installation, use,
and maintenance. The potential problems from using more fuel from grain include increased erosion of
crop lands and ecosystem displacement by expanding crop acreage. Nevertheless, if biomass resources
and their conversion processes are managed properly, their use has the potential for less environmental
damage than the present use of coal and oil or the proposed use of synthetic fuels derived from coal.

In the Tennessee Valley region, wood is a major biomass resource. It serves as a fuel in the form of logs
and residues (excess forest growth and insect-infested or diseased trees). Silvichemicals ("silvi" comes
from a Latin word for"forest"), such as turpentine and resin, and carbon-based compounds made from
wood's lignin and cellulose are other energy-related wood derivatives. Wood and materials from it can
be used to produce a variety of chemicals such as methanol, aldehydes, ketones, and acids, substituting
for petrochemicals as either fuels or raw materials.

Herbaceous (nonwoody) plants such as grasses have potential as cost-effective energy sources. These
plants have a high-yield capacity and can grow on marginal lands with minimal management.

Crops such as corn, wheat, sorghum, and sweet potatoes (as well as sugar beets and sugar cane in other
regions) are processed for their carbohydrate content to make ethanol. Ethanol has many uses; it is being
used as a gasoline extender now inthe blended fuel called "gasohol." Cellulosic materials from crops such
as corn and beans can be converted by liquefaction to fuel oil.

Animal manure can be used to produce methane gas by a process called anaerobic digestion (decom-
position in the absence of oxygen). Methane, which is the principal component of natural gas, could supply
farmers with an alternative energy source for farm operations. This could result in a higher degree of
energy self-sufficiency for farmers.

Elsewhere in the country, kelp and algae are potential aquatic sources of biomass. They also have
potential as futuristic sources of hydrogen, which may be used as a fuel. Through a process called bio-
photolysis, a blue-green algae produces hydrogen as a waste product. Kelp produces hydrogen gas
through photoelectrolysis, another biological process that uses the energy of sunlight.

Wind is air movement caused by the uneven heating of the earth and its atmosphere by energy from the
sun. Wind energy is, therefore, an indirect form of solar energy.

For centuries wind power has been used to supply energy for mechanical tasks, such as pumping water,
throughout the world. Widespread use of windmills in the U.S. began in the 1850s. In the early 1900s,
windmills were used to produce electricity on farms and in other rural locations. In 1935, the creation of
the Rural Electrification Administration (REA) brought a cheap, reliable, centrally-produced supply of
electricity to rural areas; windmills began to disappear. The dramatic increases in the costs of
conventional energy sources in the 1970s, however, caused us to again consider wind power as a
possible energy alternative.

In some regions of the country-the Plains States, sea coasts, and some mountain passes, for example-
wind is a viable alternative energy option. In the Valley region, its potential as a significant energy source
is limited to a few locations where the wind is consistently strong enough to be useful. In our society, we
have relatively few needs that could be met with the mechanical energy provided by windmills. We need
electricity; windmills can effectively generate electricity in some locations.
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The use of wind-powered energy production systems has several advantages over centralized fossil fuel
or nuclear systems. Wind is abundant, free, powerful, and clean; it displaces nonrenewable and/or
imported fuels and increases the self-sufficiency of its user. The disadvantages of wind energy systems
include possible safety hazards, a lack of constancy, the high initial investment in wind machinery and
energy storage systems, and the difficulty of storing the power.

Waste materials can also be used as source of energy. Our lifestyles, often characterized as 'throw-
away" lifestyles, are marked by a high degree of consumption of one-use products. This-along with the
degree to which most of these products are packaged-has caused a tremendous increase in the
amounts of waste generated in every community. Waste disposal now represents a major problem for
most of them. The use of wastes for energy may help solve disposal problems, as well as helping meet
our energy needs.

Much of our waste is combustible and could be burned as fuel. Used as fuel, waste provides heat to
produce steam for heating buildings, powering industries, or generating electricity. Waste materials may
also be used to produce fuel-methane. Anaerobic decomposition takes place spontaneously in landfills
(where community waste is buried); the methane produced can be collected and used to heat homes or
other buildings.

Using waste for fuel or as a source of fuel is not a panacea for our energy supply or waste disposal
problems. Incinerating waste produces air pollutants which are not only damaging environmentally, but
are also expensive and difficult to control. The ash left must still be disposed of somehow. Burying waste
in landfills requires valuable land space and can threaten groundwater resources. Reducing the amounts
of waste we generate and recycling much of what we throw away are ultimately more desirable than
burning waste, but gaining useful energy from waste we have already accumulated is sometimes an
attractive, feasible option.

Alternative energy sources-renewable, dependable, domestically available, and less environmentally
detrimental than the energy sources on which we now rely-offer us opportunities we cannot afford to
pass up. Research and development of alternative energy technologies and resources are essential, and
must be increased; it takes many years for new alternatives to become practical and economical. We must
continue to search for alternatives.
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IS IT TOO LATE?

OBJECTIVES SUBJECTS:
Mathematics, General Science,

The student will do the following: Economics

1. Analyze graphs of energy production TIME:
and consumption. 1-3 class periods

2. Demonstrate an understanding of the MATERIALS:
relationship between production and student sheets (included)
consumption.

3. Estimate depletion rates for fossil
fuels in the United States.

4. Infer from the analyses of graphs and
data what sources of energy will be
important in the year 2050.

BACKGROUND INFORMATION

Renewable energy sources are those not depleted by use if they are properly managed. Unlike coal,
petroleum, and natural gas, renewable energy resources are quickly replaced. Examples of these
resources are the sun, wind, falling water, and biomass.

According to some studies, the sun (solar energy) could supply 3.9 - 4.5 percent of the United States'
energy needs. However, by the year 2000, only about 1 percent of the solar energy used will be captured
by using a solar cell. Other methods of using solar energy will need to be employed.

Wi nd power could be harnessed in parts of the United States, such as in the Plains States. It could provide
2 - 5 percent of the energy needed in the year 2000.

Hydropower, energy available from falling or running water, could supply 4.8 - 5.5 percent of the United
States' needed energy by the year 2000.

Biomass provides energy stored in trees and other plants. It is an energy source with great potential for
the United States. Burning biomass, such as wood, crop residues, and otherwastes, generates heat. De-
composing biomass produces methane (a burnable gas that can be used to generate heat). Biomass can
be converted into alcohol (a liquid fuel). Biomass could supply 7.8 - 13.5 percent of our energy needs by
the year 2000.

Producing or converting energy near the location at which it will be consumed is efficient and appropriate
technology. For example, small digesters, used to convert organic waste to methane, can be located on
farms, in homes, or at industrial complexes to provide fuel at these sites. Similarly, solar collectors can
be used at homes to heat water inexpensively.

Appropriate technology, together with the development of alternative, low-cost energy sources, is
essential if the United States is to become energy self-sufficient.
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PROCEDURE

I. Give the students simple definitions of renewable and nonrenewable resources.

II. Give each student a copy of the student sheet "U.S. ENERGY RESERVES & CONSUMPTION -
1977," included. As an introduction, ask the students to examine the chart and answer the questions
on the handout. Discuss the questions with the students, making sure they understand the difference
between renewable and nonrenewable resources.

Ill. Give each student a copy of the student sheet "U.S. ENERGY CONSUMPTION - 1983" (included).
and have them compare those data with the earlier data (1977)4 Go over the questions with them.

IV. Discuss fossil fuel "reserves" and 'production" with the students.

A. Read the following paragraph to the class and discuss its meaning with them.

The term "production" means the amount of fuel made available for use (e.g., in a given year).
The term "reserves," as applied to fuel, indicates how much of a fuel exists and could be profitably
obtained under present economic conditions and using current technology.

B. Give each student a copy of "PETROLEUM, COAL, AND NATURAL GAS: PROVEN RE-
SERVES AND PRODUCTION," included. Explain to the students that to estimate how long
domestic supplies of a given fuel will last, the "reserves" of the resource are divided by its
"production" for a given year.

1. Work this example on the chalkboard:

1984 COAL SUPPLY DEPLETION ESTIMATE

478.7 billion short tons' (U.S. roven reserve in 1984) = years of fuel
.82 billion short tons per year (U.S. production in 1984) supply remaining

The estimated length of time before the United States runs out of coal (using 1984 data) is 583.8
years.

Some assumptions:

1. Coal continues to be used at the 1984 rate.
2. No more coal is discovered in the United States.
3. No new technology is developed to allow production of reserves currently unavailable.

*A short ton is 2000 lb (as opposed to a metric ton, which is 2,000 kg).

2. Be surethatthe students understand the changeable nature of reserve estimates andthefact
that many assumptions are made in making such depletion estimates. Can the studentsthink
of some assumptions that are not listed above?

3. Have the students use the information in Tables I and II on the student sheet to estimate the
depletion dates of U.S. natural gas and oil supplies (using 1984 data). Ask them to list some
of the assumptions upon which these estimates are based.
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4. Ask the students to assume that (a) we continue to use coal, petroleum, and natural gas at
the 1984 rate; (b) new technologies are not developed; and (c) new reserves are not
discovered. In this scenario, which fossil fuel will be depleted first? last?

5. Have the students examine the pie chart student sheets and the information from B13.
(above). Make sure they have noted the disparity between U.S. oil reserves and the rates
at which we consumed oil in these two years. Have them look at their calculations of a U.S.
oil depletion estimate. According to this calculation, the domestic supply of oil may be
exhausted before 1993. Why is this not likely? Make sure they understand our dependence
on imported oil.

V. Discuss what happens when the following situations occur:

A. Something becomes "rare" or "harder to find." What happens to its price? Could this happen
to our nonrenewable energy resources?

B. Oil and gas become rare and harder to find. Will people be willing to pay more for these
resources? Will people be willing to pay more for new technology, new exploration for these
resources, or imports? Will people use more coal? (If yes, how will this affect our coal reserves?)
What are some implications for transportation?

VI. Give each student a copy of the student sheet "CONSUMPTION OF ENERGY BY RESOURCE,
1949-1984," included. Have them answer the questions on the handout. Discuss their answers.

VII. Give each student a copy of the student sheet "U.S. WOOD ENERGY CONSUMPTION BY
REGION," included. Have them answer the questions and discuss the significance of the data with
them.

VIII. Continue with follow-up below.

FOLLOW-UP

I. Examining energy consumption data, ask the students if they think more alternative energy sources
are being used in the 1980s than in the 1970s. What do they predict will happen to fuel-use patterns
as the year 2000 approaches? What alternative energy sources are most abundant in the region in
which they live?

II. Considering class discussion, examination of graphs, and calculations made to answer questions,
what do the students think the most important energy sources will be forthe United States in the year
2050? What about the region in which they live? On what assumptions are they basing their
predictions?

II. Extension: The students might develop a game to simulate ourconsumption of the fossil fuels, water,
biomass, and other resources used in meeting our energy demands. Colored paper can be used as
game pieces to represent supplies of energy resources.

In making upthe game, the students should decide how to identify resources, their relative amounts,
and the accessibility of the resources. For example,coal could be represented by black slips of paper;
it is abundant. Blue could be used to represent natural gas, and so forth. Some slips of paper could
be visible but not accessible "until new tech nology is available," such asthoseforoil shale. Other slips
could be well-hidden to represent undiscovered resources.

A-6



The students should also consider differences in the ease of using the resources and in the
renewable/nonrenewable aspects of the resources. Questions to be considered might include the

following:

- Why are we using one resource more than another?

- Is accessibility the only reason?

- How can we represent a breakthrough in technology which will allow access to resources that
are unavailable to us now?

- How can we simulate a renewable resource, such as biomass, that must be managed properly in
order for it to remain available?

- What do we do when a resource is depleted?
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Student Sheet

U.S. ENERGY RESERVES & CONSUMPTION - 1977

NONRENEWABLE ENERGY RESOURCES - ENERGY USE -
PROVEN SUPPLIES AVAILABLE USING CONSUMPTION BY RESOURCE

EXISTING TECHNOLOGY

4%
%%

3%~~~~~~~~~7

18%

90%

27%

4%

KEY: Nuclear =2 Coal L J
Hydro M Oil 117 HYDROCARBONS
Other C2 Gas J

(Data from Federal Energy Administration, Energy in Focus: Basic Data, Washington, D.C., 1977.)

Examine the circle graphs above and answer the following questions.

1. Most of the energy we consume is in the form of what resource?

Is it a renewable or nonrenewable resource?

How do our domestic supplies of this resource compare to our consumption of it?

2. What nonrenewable energy resource is most abundant (using existing technology)?

3. According to the energy use pattern, what percentage is provided by "other" resources?__

What do you think this category includes? (Name several resources.)

Are these renewable or nonrenewable resources?
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Student Sheet

U.S. ENERGY CONSUMPTION - 1983

Wood
3.6%

Oil

Hydro/OtherK
'· ~5.5%

Nuclear
4.4%

Natural Gas Coal
238/s 21.6%

Note: In Estimates of U.S. Wood Energy Consumption. 1980-1983, wood data was added to the primary

energy total given in Annual Energy Outlook 1983 (DOE/EIA-0383[83]), Washington, D.C., May
1984.0

(Data from Energy Information Administration, Monthly Enerav Review, Washington, D.C., 1984.)

Examine the circle graph above and " U.S. ENERGY RESERVES & CONSUMPTION - 1977" and answer
the following questions.

1. How do the data for hydrocarbon fuel (coal, oil, gas) use in 1977 compare with the 1983 data?

Is there a general trend? If so, what is it?

2. Looking at the consumption graphs for 1977 and 1983, which of the fossil fuels (hydrocarbons)
was being used most?

How does its annual consumption rate compare for the two years?

3. Noting that data for the use of wood has been inserted in this chart, what can you say about the
use of wood as an energy resource?

In general, did the use of renewable resources increase?
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U.S. CONSUMPTION OF ENERGY BY RESOURCE, Student Sheet
1949-1984

FIGURE IV:
CONSUMPTION OF ENERGY BY SOURCE, 1949-1984

Quadrillion BtU* Cumulative Quadrillion Btu Cumulative

100- Annual Energy Review 1984. Energy Information Administration
-100

90-

Nuclear Power
80- j7 Hydropower, Geothermal, and Other -80

Petroleum 7
70- W Natural Gas fo

60- Coal J60- 6-60

50- 50

40- .40

30-.-30

20- -20... .. .

10

1949 1955 1960 1965 1970 1975 1980 1984
"One quadrillion Btu is 1024 Btu. 11024 is one followed by 24 zeros-)

Examine the graph above and answer the following questions.

1. What has been the general trend in energy use?

2. What energy resource shows the greatest change in usage over these years?

Was it an increase or a decrease?

3. How does the overall use of renewable resources compare to that of nonrewable resources?

4. Compare the amount of petroleum consumed in 1975 with that consumed in 1984.

5. Compare the amount of energy provided by all fossil fuels in 1975 with that for 1984.

6. Identify trends in energy consumption by resource over the ten-year period ending in 1984.
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Student Sheet

U.S. WOOD ENERGY CONSUMPTION BY REGION,
1980-1983

Trillion Btu From Wood By Region
Total Energy

North From Wood

Year South West Northeast Central (Trillion Btu)

1980 1,380 388 386 329 2,483

1981 1,349 416 395 335 2,495

1982 1,392 385 358 343 2,478

1983 1,526 411 380 323 2,640

(Note: Totals may not equal sum of components because of independent rounding.)

Data from: Estimate of U.S. Wood Enerav Consumption. 1980-1983, Department of Energy,

Washington, D.C.

Examine the data above and answer these questions.

1. What has been the general trend in the use of wood as an energy resource?

2. In which region has there been the greatest increase in the use of wood?

3. In which region has there been the greatest percentage increase in the use of wood?
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WOOD FOR HEATING

OBJECTIVES SUBJECTS:
Mathematics, General Science,The student will do the following: Physical Science

1. Use data from a table to plot a graph that TIME:compares wood types, density, and heat content. 1-2 class periods

2. Read a map to determine the types of wood most MATERIALS:
abundant in the region in which he/she lives, graph paper, ruler, student sheets

(included)3. Determine the best type of wood for I
heating a home or place of business.

BACKGROUND INFORMATION

Wood has been used as a fuel throughout human history. Because wood is a renewable resource, thereis an increased use of wood today in an effort to conserve other resources that are nonrenewable. Woodshould be used efficiently, as should any resource. Fireplace efficiency (the percentage of the heatgenerated that actually is used for heating a room) has been increased. Wood-burning stoves, which aresaf er and more eff icient because of new technologies, are also being added to homes. Both have becomeimportant methods of heating in the Tennessee Valley.

Firewood can be purchased by the cord. A cord of wood is a stack of cut wood 4 feet wide by 4 feet highby 8 feet long. Selecting the kind of wood to buy is an important factor, as it affects the amount of heatthat will be generated. Some woods provide much more energy than others. The burning rates, as wellas the amounts of smoke and creosote produced, are also important factors in wood selection.

Heat for warming buildings can be measured in Calories, British thermal units (Btu), or kilowatthours(kWh). A Btu is the amount of heat needed to raise the temperature of one pound of water by one degreeFahrenheit. Sometimes, Btu are converted to kWh to show how the home electricity bill can be affectedby a non-electric heat source (such as a wood-burning stove).

PROCEDURE

i. Divide the students into groups of three or four. Give each student a copy of the student sheet"ENERGY COMPARISON," included. Have them use the data from the student sheet to plot graphsthat show the relationship between wood density (x-axis) and the energy produced in Btu per cord(y-axisy- (Some students may need help in determining the numerical ranges for the axes.)

A. Students may use one or two letters to represent the types of wood as they graph the information.Each group of students may decide which type of graph it will make to represent the data (brokenline, bar, etc.). Each student is to make his/herown copy of the graph. (Some students may needguidance.)
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B. Based upon the graphs, what kind of relationship exists between the energy produced and wood

density? Conclusions should be drawn within each group and then shared with the rest of the

class.

II. Give each student a copy of thestudent sheet "WOOD QUALITY COMPARISON," included. Working

in the same groups, have the students use the information presented in the two student sheets to

decide the best types of wood for use in a fireplace or wood stove.

A. Have the students listthe characteristics of woodthey considerto be most desirable for afireplace

or wood stove.

B. Have them examine the characteristics of different woods.

C. They are to select three orfourof the most desirable woods and place them in rank order, starting

with the best wood first. Give each student a copy of the chart "COMPARISON OF WOOD

QUALITIES" (included) on which to enter the characteristics of the woods they select to study.

Ill. Give each student a copy of the student sheet "MAJOR FOREST TYPES," included. Discuss

the following questions with them.

A. In what region(s) are the tree species located that provide the best woods for burning?

B. Which of those trees are located in the Tennessee Valley region?

C. Which are available in the area in which you live?

IV. Continue with the follow-up below.

FOLLOW-UP

I. Discuss the following questions with the students.

A. What kind of trees are most abundant in the region in which you live?

B. Are these trees classified as hardwood or softwood?

C. Which of the most abundant trees growing in your region are the most efficient for producing heat

energy when burned?

D. If 1 kWh = 3,410 Btu, and burning a cord of wood produces 30 million Btu, how many kWh could

theoretically be produced by burning a cord of wood? (30,000,000 Btu/cord of wood ± 3,41 0 Btu/

kWh = 8,797,653.9 kWh/cord of wood.) Ask the students to think of some reasons why this

conversion cannot be 100 percent efficient.

E. Have the students check their monthly electric bills and report the number of kWh of electricity

their families use each month. How does this compare to the amount of energy released from

burning a cord of wood? Is all of the energy that is released from burning wood in a stove used

in heating the room? If not, what happens to the rest of it?
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II. Extension: Some additional investigations you may wish to undertake are listed here.

A. Which would take up more space-hardwood or softwood of the same weight?

B. What methods have been devised to increase the efficiency of fireplaces?

C. Which types of wood do you think would create more sparks and generate more noise whenburned?

D. Creosote, which results from burning some types of wood and/or from inefficient wood burning,is a residue that condenses in the flue or chimney. Its build-up is more likely under the followingconditions:

- Less air is available to the fire.

- Smoke density is higher.

Burning temperature is lower.

- Wood is added to a fire.

- Moisture content of the wood is higher.

Creosote build-up can cause a fire in the chimney. Which type(s) of wood most often result in
the build-up of creosote when burned in fireplaces or wood stoves?
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Student Sheet

ENERGY COMPARISON

Type of Wood and Energy Content*

Density (Approx.) Millions of

Type Btu per cord

of wood g/cm3 lb/ft3 (average)

Ash 0.58 36.0 24.8

Birch 0.62 38.6 26.5

Cedar** 0.35 22.0 17.1

Cherry 0.50 31.2 21.5

Elm 0.56 35.0 21.5

Fir` 0.45 27.8 21.5

Hickory 0.70 52.2 30.0

Honey locust 0.66 41.6 29.6

Maple 0.55 34.3 23.6

Oak 0.68 41.9 27.5

Pine** 0.54 33.8 21.5

Redwood" 0.44 27.2 17.1

Walnut 0.56 35.1 23.6

*Numbers are approximate and vary with the species of trees.

**Softwood
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Student Sheet

WOOD QUALITY COMPARISON

RESIN SMOKE-TYPE MOISTURE (PITCH) SPLITTING BURNING PRODUCING
OF WOOD CONTENT CONTENT QUALITY IGNITION QUALITIES POTENTIAL

Ash Dry Low Good Slow Long-lasting Low

Birch Medium Low Poor Slow Long-lasting Medium

Cedar** Dry High* Very good Quick Fast/hot Medium

Cherry Dry Low Fair Slow Long-lasting Low

Elm Wet Low Very poor Slow Long-lasting High

Fir" Dry High' Good Qu ick Fast/hot Medium

Hickory Medium Low Very good Slow Long-lasting Low

Honey
locust Wet High* Very good Quick Fast/hot High

Maple Medium Low Fair Slow Long-lasting Medium

Oak Wet Low Fair Slow Slow Low

Pine* Dry High* Very good Quick Fast/hot High

Red-
wood** Dry High* Fair Qu ick Fast/hot Medium

Walnut Wet Low Fair Slow Long-lasting Low

*May cause creosote formation.

**Softwood
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Student Sheet

COMPARISON OF WOOD QUALITIES

TYPES OF WOOD

QUALITIES

Hardwood
or Softwood

Density
(High/Low)

Moisture
Content

Resin
Content

Splitting
Qualities

Ignition
(Quick/Slow)

Burning
Qualities
(Slow/Fast)

Smoke
Content

Availability
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POWER OF WOOD

OBJECTIVES SUBJECTS:
General Science, Chemistry,The student will do the following: Physics, Environmental Science

1. Compare the heat energy generated TIME:
by burning wood to that obtained by 2-3 class periods
burning a petroleum product.

MATERIALS:
2. Calculate the amounts of heat gained by 50-mi beaker, thermometer,

burning a petroleum product and wood. evaporating dish, small candle (at
least 10 grams), matches, ring
stand and 2 iron rings, 2 squares of
wire gauze, graduated cylinder,
balance, wood shavings (e.g., from
wood-working shop teacher),
aluminum foil, student sheet
(included)

BACKGROUND INFORMATION

When electricity-now provided mostly by burning fossil fuels-became widely available and relativelyinexpensive, many people threw out their inefficient wood stoves and blocked up their drafty fireplaces.Then the energy crisis of the 1970s resulted in higherenergyprices and higher heating bills. People beganlooking for ways to lower these rising costs. More efficient, air-tight stoves and circulating fans in stovesand fireplaces have encouraged many people to return to burning wood for at least part of their homeheating.

In the Tennessee Valley region, many homes and small businesses are burning wood astheironlysourceof heat. We have extensive forests in this region, and our winters are not as severe as those of morenorthern areas; wood heat is a very practical option here.

New technologies are expanding the use of wood. Waste wood from sawmills and lumbering operationsis made into pellets which burn in furnaces originally designed for coal. In an Oregon project, wood isconverted into oil at the ratio of 900 pounds of wood chips to one barrel of fuel oil. Wood is the originalsource of methanol (wood alcohol), and tree cellulose can be converted to ethanol by the action ofmicroorganisms. Both of these alcohols can be used as fuels as well as replacements for other chemicalsubstances normally obtained from petrochemicals or other fossil fuel-derived substances.

There are several advantages of using wood in the Tennessee Valley region: (1) wood does not haveto be imported because there is an abundance of trees; (2) trees are renewable and scientists areresearching methods to increase their growth rates and quality; (3) burning wood does not pollute the airwith sulfur compounds, and when properly burned, its ash production and carbon.dioxide emissions arelow; and (4) the heat produced by burning wood compares favorably to that of burning an equivalentamount of coal (for many uses).

Whereas wood is composed of several kinds of complex molecules, all petroleum products are hydrocar-bons. The physical state of the product (solid, liquid, or gas) depends upon the number of carbon atoms
in its molecularstructure. Gases (such as natural gas orpropane) havefourcarbon atoms orless. Liquids,
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such as gasoline and motor oil have from five to eighteen carbon atoms per molecule. Solids, such as
paraffin, have twenty or more carbon atoms per molecule.

PROCEDURE

i. Perform the following demonstration in which samples of a petroleum product and wood are burned
for the class. (You may wish to have the students perform this procedure as a laboratory exercise.)
Give each student a copy of the student sheet (included). The directions are as follows:

A. Find the heat value of the paraffin.

1. Measure 25 ml of tap water and pour it into a beaker.

2. Insert athermometerinthe beakerof water. Measure and recordthetemperature of the water
on the chart on the student sheet.

3. Take the mass of the candle and trim off enough of it so that its mass is exactly 10, 15, or
20 grams.

4. Attach the first iron ring to the ring stand and lay a piece of wire gauze on it. Place the trimmed
candle in an evaporating dish. Make sure the candle does not extend above the sides of the
dish.

5. Place the second iron ring on the ring stand 1 0 cm above the dish. Lay a piece of wire gauze
on the ring and put the beaker containing the room temperature water on it. Place aluminum
foil under and around the dish and beaker (as shown in the diagram). Prick a few holes in
the foil with a sharp pencil point.

6. Light the candle. Because the flame is farther and farther from the beaker as the candle
burns, move the candle upto maintain aconstant distance from flameto beaker. Immediately
after the candle has finished burning, have the students record the temperature of the water
on the chart, continuing to record the temperature until it starts to decrease. Use the highest
temperature recorded to calculate the change in temperature of the water. (Ask the students
why they should use this procedure for recording the temperature change.)

NOTE: You may want to burn the candle for a determined length of time (e.g., until about 2/
3 of the candle is consumed) to accommodate the length of your class period.

NZ )lo cm 10 cm

foil with pricked holes
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B. Find the heat value of the wood.

1. Repeat the above procedure, using the same mass of wood shavings as that of the candle.

2. Place the wood shavings in a "dish" fashioned from a double layer of aluminum foil. Use asharp pencil point to prick holes in the aL of the dish. Allow the sides of foil to extend abovethe bottom of the beaker (as shown in the diagram).

3. Set up the apparatus and burn the shavings. Immediately after they have burned, have thestudents measure and record the temperature of the water, continuing to do so as in A.6.(above).

II. Compare the heat energy produced by burning the wood and the parraffin.

A. Have the students use the maximum watertemperatures they recorded forthe burning wood andparaffin to calculate the change in temperature of the water.

B. Temperature change (AT) times the amount of water in the beaker (25 ml) is equal to the numberof calories of heat added to the wafer. Have the students calculate how much heat was addedto the water, using this formula:

H = (T2-T1 ) X 25 ml X 1 cal/ml-0 C
(cal)

The number of calories (units of heat energy) gained by the water is equal to the number ofdegrees of its temperature changes times its volume times its specific heat capacity (the numberof calories required to raise the temperature of a gram one degree Celsius).

C. After calculating the heat gained by burning both substances, have the students compare theamounts of heat gained by the water from burning paraffin and wood.

Ill. Continue with the follow-up below.

FOLLOW-UP

I. Discuss the following questions with the students.

A. Which energy source appeared to produce the most heat? The observed amounts of heatproduced will depend upon the amounts of heat captured when the materials burn. (Considersome ways heat could be lost.) Also, you might check the Handbook of Chemistry and Physicsfordata. For advanced students, the following data might be used to furtherthe discussion of theheat value of various substances.

A-23



- --- ------- __

HEATS OF COMBUSTION

kcal/oram (avg.)
Butter ........................................ 9.2
Charcoal ......................................... 8.1
Animal fat ......................................... 9.5
Gunpowder ........................................ 0.73
Oak bark ................................... ..... 4.5
Cotton seed oil ............................... ......... 9.5
Lard (oil) ......................................... 9.3
Paraffin (oil) ......................................... 9.8
Crude oil ....................... ................. 11.5
Rubber ......................................... 3.4
Tallow. ........................................ 9.5
Woods:

beech ......................................... 4.2
birch. ........................................ 4.2
oak ......................................... 4.0
pine ......................................... 4.4

B. What are some ways to improve the method of the demonstration? What are some faults of the
method?

II. Extension: You may wish to investigate this topic more. One possible investigation would be to burn
a different kind of wood and compare the heat gain from it to that of the type of wood used first. For
example, if the first wood shavings were of a softwood, try shavings from a hardwood.

RESOURCE

Hodgman, C. D., R. Weast and S. M. Selby. Handbook of Chemistry and Physics. Cleveland: Chemical
Rubber Publishing Company, n.d.

0
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Student Sheet

CALCULATING HEAT GAIN

WATER TEMPERATURE (0C)

At time flame After After, After
HEAT SOURCE went out 1 min. 2 min. 3 min.

wood

paraffin

CALCULATION OF CHANGES IN TEMPERATURE

PARAFFIN WOOD

T, "0 T2 = 00
(highest water (highest water
temperature temperature

after heating) after heating)

- (minus) - (minus)

T, = 0C T, _ 00
(water temperature (water temperature

before heating) before heating)

AT = _ 0 C AT,= __ 0

(change in (change in
water tempature) water temperature)

FORMULA FOR CALCULATING HEAT GAIN

H - (T2-T1) X 25 ml X 1 cal/ml-0C
(cal)

(Do this calculation twice-once for paraffin and again for wood.)

Heat gained from paraffin = cal

Heat gained from wood = cal
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ALCOHOL AS AN ALTERNATIVE FUEL

OBJECTIVES SUBJECTS:
Chemistry, General Science

The student will do the following:
TIME:

1. Produce alcohol by the fermentation 3 class periods
of a plant product.

MATERIALS:
2. Compare the burning characteristics of bottles or other narrow-necked

alcohol to those of kerosene or other containers, molasses, yeast,
petroleum products. cotton plugs (for bottles),

cardboard box, lamp with
40-watt bulb, distillation
apparatus, evaporating dish,
matches, kerosene, student
sheet included

BACKGROUND INFORMATION

Alcohols are a group of compounds that consist of carbon, hydrogen, and oxygen. They can be used as
clean, renewable fuels for cars and homes. Two members of this group are methanol or wood alcohol
(CH3OH) and ethanol or grain alcohol(CH3CH 2OH). Methanol is poisonous if taken internally but is widely
used as "dri-gas" and windshield cleaner. Ethanol is found in alcoholic beverages and is used in some
medicines. 2-Propanol or isopropyl alcohol (CH 3CHOHCH3) is used as rubbing alcohol.

Alcohols have long been used as fuels for fondue pots, in campstoves, and in survival kits because they
burn cleanly and are portable. Some alcohols are used as fuel for auto racing because they give superior
performances in some racing engines (compared with using gasoline). Alcohol mixed with gasoline in a
proportion of 10 percent ethanol to 90 percent gasoline can be burned in most automobiles without
modification. This blend is called gasohol. (The use of gasohol might damage fuel line seals in some
automobiles; before using blended fuels, check the owner's manual.)

There are several reasonsforconsidering the use of alcohols as fuels. Plant materials (a kind of biomass)
can be used to produce these alcohols, especially ethanol. Biomass is a renewable resource, whereas
our rapidly vanishing petroleum resources are nonrenewable. Biomass resources suitable for alcohol
production are readily available in the United States, including the Tennessee Valley, and could help
reduce our dependency on imported fuels. The technology for alcohol production from grains is well
known and can be implemented easily.

Ethanol is produced from materials whose carbohydrate content can be fermented. Various grains,
sugar-producing crops, and potatoes and other starchy plants are commonly used to make ethanol. Fer-
mentation of these materials yields a very weak alcohol solution that must be distilled to a usable
concentration; adequate concentration is usually above 95 percent ethanol. Grain contains both proteins
and carbohydrates. One bushel of corn (56 pounds) will produce 2.6 gallons of 1 00 percent (anhydrous)
ethanol, as well as 17 pounds of distilled dried grain (protein) which can be fed to livestock. Sugary
substances, such as molasses, contain only carbohydrates, and are easily converted by fermentation into
ethanol.
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PROCEDURE

I. Share the "Background Information" with the students. Tell them they will be fermenting sugar to
produce alcohol.

II. Give each student a copy of the student sheet (included). Divide them into groups of three students
each. Distribute the bottles, cotton plugs, molasses, and yeast to the groups. Make the cardboard
box and the lamp available.

Ill. Have the students prepare their fermentation mixtures according to the directions on the student
sheet, placing their bottles in the box for overnight fermentation.

IV. The next day, assemble the distillation apparatus (as shown in the diagram) and distill the alcohol from
the combined mixtures.

Cold Water

A. Have the students measure and record the temperaturewithin the flask onthe charton the student
sheet.

B. Distill 20-30 ml of clear liquid; then remove the heat and stop distilling.

V. Compare the burning of the distillate and a petroleum product.

A. Place the distillate in an evaporating dish and try to ignite it. If it burns, have the students write
a few sentences about the color of the flame, any odor, and whatever residue or ash that remains.

B. Ignite a small sample of kerosene orotherpetroleum product in the same manner as the distillate.
Have the students write down their observations about the burning kerosene. Ask them which
might make the best fuel-the distillate or the kerosene? Why?

C. Demonstrate the miscibility of alcohol and water. Ask the students how the miscibility of alcohol
and water might pose problems in using alcohol as a fuel.

VI. Continue with the follow-up below.
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FOLLOW-UP

I. Ask the students the following questions.

A. What kind of alcohol did the class produce? What other name is used for this liquid? (Ethanol,
grain alcohol, ethyl alcohol.)

B. What is the chemical formula for ethanol? What products result from the burning of alcohol? (The
formula for ethanol is CH3 CH2 OH. Carbon dioxide and water are the products of burning alcohol.)

C. Did the kerosene burn as cleanly as the alcohol you produced? What undesirable product was
produced from burning kerosene? (No. Carbon or "soot" is produced.)

II. Extension: You may wish to pursue the production and use of alcohol fuel from biomass further.

A. Have the students use candy corn, sweet potatoes, Irish potatoes, or other materials to produce
alcohol. Compare the results of the fermentations. What are some possible explanations?

B. If an alcohol-producing plant (distillery) or perhaps a grain processing plant is nearby, arrange
for a tour of the facility for your class.

C. Have the students research to find out why we are not using more alcohol fuels. What are the
costs involved in production? Is grain more valuable as afood oras afuel source? Why is gasohol
a 9:1 blend of gasoline and alcohol? (Why not some other ratio?)

0
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Student Sheet

ALCOHOL FUEL

Ingstructions

1. Put 20 ml of water and 20 ml of molasses in the bottle.

2. Stir in 1/2 teaspoon of dry yeast.

3. Place a loose cotton plug in the top of the bottle and let the mixture ferment for 24 to 36 hours at about
320C. A cardboard box in which a lamp with a 40-watt bulb has been placed and turned on will provide
adequate heat. (CAUTION: KEEP BULB AWAY FROM CARDBOARD.)

4. After 24 hours, the fermentation mixtures will be poured together into a distillation apparatus. When

the mixture is heated, substances in the mixture will boil as theirboiling points are reached. The boiling
point of ethanol is 780C, quite a bit lower than that of water. The ethanol will boil and be distilled out
of the mixture, leaving the water.

5. Measure and record the temperature in the distillation flask every minute after the heat is applied to

the mixture. Keep repeating this until 20-30 ml of clear liquid is distilled.

MINUTES

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 18 17 18 19 20

TEMP

(0C)

6. Label the temperature at which the liquid starts to boil. How close is it to 78CC?

7. Observations (burning distillate):

8. Observations (burning petroleum product):
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BIOMASS ALTERNATIVES

OBJECTIVES SUBJECTS:
Chemistry, General Science, Physical

The student will do the following: Science, Biology

1. Examine processes used to TIME:
obtain fuel and other materials from 4 class periods
biomass.

MATERIALS:
2. Collect methane derived from wood shavings (or chips), distillation

plant and animal wastes. appartus, manure, large bucket or can,
large plastic bags, thermometers,

3. Compare the destructive distillation pneumatic troughs, graduated cylinders,
of wood and the production of methane lettuce (or cabbage or grass), plastic bags
from wastes. (2-3 gal, opaque, heavy duty ), closures

for bags, masking tape, grease pencil,
student sheets (included)

BACKGROUND INFORMATION

Most of our Nation's energy (over85 percent) now comes from afinite supply of fossil fuels. These fuels
include coal, oil, and naturalgas. Fossil fuels are nonrenewable. As we reduce their supplies, their prices
will increase. Our dependence on foreign supplies of petroleum represents a major national security risk.
The heavy use of fossil fuels also has a variety of undesirable environmental effects.

There are alternatives to these fuels, however, and we must begin seriously considering these
alternatives. One alternative is the use of biomass (material of organic origin) for the production of energy.
Three of the processes used to produce energy from biomass are fermentation, destructive distillation,
and anaerobic decomposition.

Fermentation of carbohydrate-rich plant material can produce ethanol (ethyl or grain alcohol). Alcohol is
valuable as a petroleum fuel extender in the form of gasohol or as a fuel itself. (NOTE: Alcohol production
is the topic of the previous activity.)

Destructive distillation of wood is accomplished by heating wood in the absence of oxygen. The products
of this process are methanol (wood or methyl alcohol), acetic acid, acetone, turpentine, and charcoal. All
of these products have important industrial value in their own right, but they are also considered to be
important alternatives to similar products which come from fossil fuels.

Anaerobic decomposition of plant and animal wastes, that is, microbial digestion in the absence of
oxygen, produces methane. Methane is a hydrocarbon and is the main component of natural gas.

PROCEDURE

i. Have the students begin the demonstration of the production of biofuel from the anaerobic
decomposition of plant and animal wastes.
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A. Prepare in advance for the production of methane.

1. Two days in advance, obtain a supply of lettuce, cabbage, or grass clippings in sufficient
quantity to provide a large handful for each of half the students in the class. The school
cafeteria, the produce manager of a grocery store, or a vegetable market may be able to
provide a supply at no cost. Cut or shred the material into small pieces; then crush or bruise
it to initiate spoilage. Spoilage can be further accelerated by mixing the vegetable matterwith
a small amount of garden soil and keeping it warm.

2. Obtain a supply of fresh (green) animal manure adequate to provide two cups for each of the
other students (half of the class). It may contain small amounts of straw or hay without
creating a problem. Remove any sticks or other things that could punch a hole in the plastic
bag. The manure can be handled best by placing it in a container (such as a garbage bag)
that can be securely closed, and then putting the bag in a large can or bucket. The manure
should be high enough in water content so that it is highly viscous (semi-liquid). Local farms,
stockyards, or large animal treatment facilities are sources of manure. Cow manure is
preferable; sheep, horse, hog, orchicken manure is a satisfactory alternative. (NOTE: Check
with the students to see if they have access to cow manure. You may be able to make
arrangements with one of them for bringing it to the classroom.)

B. Have the students prepare the bags containing waste material.

1. Give each student a copy of each of the student sheets "GAS FROM BIOMASS" and "DATA
RECORD: M ETHAN E," included. Discuss with the students the general plan for this activity.
Divide the students into groups of four. Let each group decide which nair within the group
will use vegetable material and which will use manure.

2. Caution the students about the need for care in handling the material and in preparing the
bags for gas collection. Methane will escape if there are holes in the bags or if the bags are0
not properly closed and secured. Use thick bags that will hold two to three gallons.

3. Before the students put the wastes into the bags, the bags should be tested for air leaks (by
inflating them with air and submerging them in water) and labeled. (Hint: Grease pencil-
writing on masking tape makes a good label and is waterproof. Apply it before inflating and
submerging the bag to check for air leaks.)

4. Have the students estimate the volume of material placed in the bags, following the directions
on the student sheet. Provide a pneumatic trough (or a large pan, bucket, or other container)
for each group. Also, provide each group with a container to catch the displaced water and
a beaker or other graduated container to measure the volume of the displaced water.

C. Have the students incubate their biomass digesters for five to ten days.

1. The bags should be placed in various locations. The students are to record the approximate
temperatures in these locations. Some suggested locations are listed here.

a. Use incubators or warming chambers if they are available.

b. The bags can be placed under an inverted cardboard box with a lamp with a 40-watt light
bulb to supply heat.

c. They can be placed on a sunny classroom window ledge.
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d. Some bags may be placed in a shaded part of the classroom or in a portable cooler with
a few ice cubes (which should be replaced each day as the ice melts).

2. Bags placed in the warmer environments may fill with gas in a few days and should be
evaluated then. (The others may be evaluated at the same time.) Those in cooler
environments will take much longer and may not generate methane at all if the temperature
is sufficiently low. Have the students make daily observations for 5 to 10 days and record
them on the student sheet.

II. Demonstrate destructive distillation of wood for the students.

A. Perform this demonstration after the students have prepared their bags of waste for the
production of methane and are waiting for the results (which requires several days).

B. Give each student a copy of the student sheet "LIQUIDS FROM BIOMASS," included. Using the
apparatus shown here, demonstrate to the students the destructive distillation process. CAU-
TION: The products collected In the test tube include alcohol, turpentine, acetone, and
acetic acId. Care should be taken not to expose skin to them. The residue in the flask will
be charcoal. (The products collected in the test tube may be separated by using a fractional
distillation apparatus.)

0

C. Have the students answer the questions on the student sheet.

Ill. Have the students collect the data on their production of biogas.

A. Have the students find the volume of the bag, using the immersion method. Caution them to
handle the gas-filled bags with care. The students are to record the volumes on the student sheet.

B. Give the students a short time to answer the questions and complete the student sheet.

C. Write the data (including amount of gas generated, volume of material used, etc.) on the
chalkboard.

D. Discuss the results with the class. Relate the volume of gas generated to the initial volume of
waste used, the type of waste material, and the approximate temperatures of the bags' locations.

IV. Demonstrate collecting and testing the gas.

A. With the help of a student, submerge a gas-filled bag in a filled sink or large tub and puncture
a hole in the double plastic bags with a sharp instrument. Allow the gas to bubble into submerged,

water-filled gas-collecting bottles. You may need to collect the gas from several bags.
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B. After filling several bottles, test a few of them by bringing a long taper near the mouths of the
bottles. Have the students compare the flame to that produced by burning natural gas (e.g., in
a gas range). Compare the clean-burning nature of methane and natural gas to the character-
istics of kerosene or another lower-grade fuel.

V. Discuss some of the practical considerations for using biogas fuels.

A. Some students may be somewhat disappointed with the amount of gas generated. If this is
mentioned, point out that anaerobic decay is very slow. Large amounts of decomposing plant and
animal matter are needed to generate enough gas to be economically feasible for commercial
purposes. On the other hand, obtaining methane from the wastes of animals is a useful
alternative energy technology in some less-developed countries. The methane produced in
these cases is used for domestic purposes, such as cooking and heating.

B. Some students may point out that energy (in the form of heat) was needed to speed up the
reaction. Ask them where this energy might be obtained (in the case of large commercial biogas
operations). Answers might include solar heating or burning some of the methane. (Which of
these would contribute most to the efficiency of gas generating systems?)

VI. Continue with the follow-up below.

FOLLOW-UP

I. Give each student a copy of the student sheet "LIQUIDS AND GAS FROM BIOMASS: A SUMMARY,"
included. Have them answer the questions about the biomass activity. Discuss their answers with
them.

II. Discuss further some of the factors to be considered in the possible large-scale use of biogas
production.

A. Have the students discuss factors such as the ease of handling the materials and the odors
associated with both destructive distillation of wood and anaerobic decomposition of plant and
animal wastes. What constraints do these factors place upon the location of commercial
installations using these processes?

B. Ask the students if these uses of wood and wastes are feasible. Could they be used more
efficiently in other ways? Ask them to justify their answers. (Research could be conducted.)

Ill. Some California communities have used deep gullies and valleys as waste dumps. The dumps are
now covered with soil because the gullies are full. Drilling wells into these old dumps to retrieve natural
gas has been discussed (and tried). Ask the students if they believe this might work. (It does.) Would
it work in a Canadian city? Ask them to explain their answers.

IV. How does the process of destructive distillation of wood compare with anaerobic decomposition of
plant and animal wastes? Consider the factors listed here:

- heat energy involved
- physical state of products
- type of chemical products
- usefulness of products
- relative difficulty of carrying out the process under laboratory conditions
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Student Sheet
GAS FROM BIOMASS

When organic material, such as plant and animal waste, is decomposed or broken down where there is
no oxygen, methane (a fuel gas), is produced. In this activity, you will (1) use wastes to produce methane,
(2) determine the amount of methane produced, and (3) identify factors that affect the production of the
methane. BAG 1 BAG 2

Instrlgtlons

1. You will work in groups of four. One pairof students (P)
in your group will use PLANT waste. The other pair of name
students (A) will use ANlMALwaste. Each pair hastwo
plastic bags.

a. On one plastic bag (Bag 1), place a 8-cm strip of
masking tape. With a grease pencil, write yourinitials or names on the tape.

b. Blow air into both bags (1 and 2). Close each bag PLANT WASTE
tightly. Look closely for air leaks after placing the
bags in water. (Use only bags without leaks!) Dry
the bags.

2. Prepare your biogas generator.

a. Each pair of students will label Bag 1 with either an
"A" or a "P." Use the grease pencil to write the initial ANIMAL WASTE
on the tape label (with your intials.)

b. If you are using plant waste, place one large hand-
ful of PLANT waste in the plastic bag WITHOUT
the label (Bag 2).

c. If you are using animal waste, place about two
cups (0.SL) of ANIMAL waste in Bag 2.

d. HANDLE ALL PLASTIC BAGS WITH CARE! DO
NOT PUNCH HOLES IN THEM.

3. Squeeze all the air out of Bag 2 (containing the waste.)

a. Close the bag by twisting the top about 8 to 10 cm
only. LEAVE ROOM FOR THE GAS TO INFLATE
THE BAG.

b. Loop the twisted part of the bag over and tie it
carefully. Let no air in or gas out!

4. Place Bag 2 (with the waste) in Bag 1 (with the label). lhj

a. Remove all of the air.

b. Close Bag 1 as you did for Bag 2.
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Student Sheet

GAS FROM BIOMASS
(continued)

5. Estimate the volume of yourdouble bag and itscontents.

a. Submerge the closed bag in water.

b. Collect and measure the water the bag displaces.

c. Record this volume on the data sheet.

d. Dry off the bag. Students (P)

6. Place the bag in a classroom location, as
directed by your teacher.

a. Some of the students using plant wastes 200O C 320 C
will put their bags in warm locations and z7X
some will put theirs in cool locations. Those

using animal wastes will do the same. Students (A)

b. Record the location of your bag on the
masking tape, using a grease pencil.

200 C 320 C

7. Be sure you have recorded the bag identifica-
tion, its contents, its location, the temperature
of the location, and the starting date on the 4

data sheet. 42 to

8. Observe your bag everyday. Onthe observa-
tion chart, record any changes (or no changes)
for5tolOdays(oruntilsomeofthebagsinthe
classroom seem to be nearly full of gas).

'lI/i nocAhnp
9. Record the locations and types of waste in the

bags that seem to be the most filled with gas.

10. To find the estimated final volume of your bag,
submerge the closed bag in water. Collect and
measure the displaced water. Record the
volume. Calculate the volume of gas in your
bag.
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Student Sheet

LIQUIDS FROM BIOMASS

Materials like wood can be converted, by a process called "destructive distillation," to useful chemicals

which are very different from the starting materials.

Observe the demonstration carefully and record what happens. Answer the following questions:

1. When heat is applied to the wood, does it burn with an obvious flame? Describe what you see.

Describe the remains of the wood in the flask when the destructive distillation process is complete

(color, other properties).

3. List terms that describe the odors produced by the destructive distillation process.

4. How does the odor of the products compare with the odor of wood?

5. Describe other properties (color, viscosity, etc.) of the product mixture collected in the test tube.

6. List the names of some substances in the product mixture.
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Student Sheet

LIQUIDS AND GAS FROM BIOMASS:
A SUMMARY

1. How were the two processes (destructive distillation of wood and methane production from wastes)alike/different? Consider both the starting materials and the end products.

2. Compare the properties of the products of the two processes.

3. What do you think are some undesirable aspects of using these two processes to obtain fuels andother important materials?

4. What do you think are some the desirable aspects of using these two processes to obtain fuels andother important materials?
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WASTE INCINERATION
DEMONSTRATION

OBJECTIVES SUBJECTS:
General Science, Mathematics,The student will do the following: Environmental Science

1. Demonstrate the advantages and TIME:
disadvantages of using waste as fuel. 2 class periods, plus a one-week

assignment
2. Research some communities that are

using their waste as a source of energy. MATERIALS:
sharp tool, 5-gallon can,
scales (capable of weighing a
person), student sheet (included)

BACKGROUND INFORMATION

We live in the most wasteful society in the history of the world. The amount of household waste from theaverage American home is staggering; few families generate less than two garbage cans of waste perweek. Packaging, important in modern business, is a major source of household waste. Consideraverage grocery store purchases. It the consumable products are put in one pile and the containers andwrappings in another, which pile will be larger? For example, when one purchases aspirin, one gets asack, a box that holds the bottle, the bottle which contains the aspirin, and a piece of cotton, plus a paperreceipt. Eventually, everything is thrown away except the aspirin.

In most communities, waste is buried in landfills even though it may contain valuable materials such asaluminum. Waste may also have a high energy content. Waste incineration facilities burn waste not onlyto get rid of it, but also to use it as a source of energy.

PROCEDURE

i. Have the students collect data on waste generation.

A. Discuss with the students ou r'"hrow-away' lifestyles and ask them to give examples~of things they
use once and throw away. Give each student a copy of the student sheet "DATA: HOUSEHOLD
WASTE," included. Ask the students to weigh the household waste (including garbage) their
families discard each day. They are to continue to weigh theirwaste daily for one week, recording
the amounts generated each day.

B. Ask the students to make a list of the different kinds of materials in their waste (e.g., paper,
foodstuffs, cans, bottles, plastic wrappings, and other items).
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C. At the end of one week, have the students find the total weight of the waste generated by the
families of all the members of the class. Ask each student the number of members in his/her
household. Find the sum of the number of household members. Divide the total weight of waste
by the total number of members of all the households. This figure is the average weight of waste
generated per person per week. Divide by seven to find the average weight of waste produced
daily by each person.

Example:

Total weight of waste for one week for the class is 300 pounds.
Total number of persons in the families is 80 people.
300 pounds per week + 80 persons = 3.75 pounds per person per week.
3.75 pounds per week + 7 days per week = 0.5 pounds per person per day.

D. Have the students find the population of their community (city or county). Multiply the daily
average weight of waste per person (calculated above) by the number of people living in the city
or county. That is approximately how much waste the community generates each day. (You may
want to calculate the annual amount as well, and/or convert the figure to tons.)

II. Demonstrate waste incineration.

A. Obtain a 5-gallon can and a sharp tool such as a piercing can holes
opener. Punch several holes in the can. This device will be the
waste incinerator; the holes are necessary so that air may
circulate, increasing the efficiency of the burning. Measure and holes ' ~ 
record the weight of the can.

B. Arrange with the Home Economics teacher (or school cafeteria personnel) for the students to
obtain approximately 5 gallons of mixed waste (paper, foodstuffs, etc.). (They should use the
lists they made to determine a typical mix.) The students are to fill the incinerator with the waste.
Measure and record the weight of the waste-filled can; then calculate the weight of the waste.

C. Take the waste incinerator outdoors. Place a metal pan containing water on top of it. Measure
and record the water temperature.

D. Burn the waste as thoroughly as is possible. Have the students periodically measure and record
the temperature of the water. Ask them what environmental problems this burning immediately
creates. What environmental problems does it solve? (CAUTION: Some communities have
ordinances against burning waste. Check with the local government for information about this
activity.)

E. Help the students calculate the amount of heat energy given off by the burning waste. Calculate
calories first; this figure can be converted to British thermal units (Btu) if desired. Point out that
incinerators are much more efficient than the device used here. Discuss with the class how the
heat generated by waste incineration might be used.

Ill. Discuss with the students the role of incineration in waste reduction.

A. When the waste incinerator is cool, pour the ashes and unburned wastes into a sack. Measure
and record the weight of the unburned material.

B. Have the students calculate the percentage of waste that burned.
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C. Ask the students if a large percentage of the waste burned. What advantage is there to burningwastes, other than the energy gained (assuming you could put that energy to good use)? Pointout that we are running critically short of landfill space; incineration helps preserve the space wehave left.

IV. Continue with the follow-up below.

FOLLOW-UP

i. List and discuss the advantages and the disadvantages of burning household waste.

Adyantages Disadvanta=es

1. reduction of waste volume 1. produces air pollution (requires the use2. easy to accomplish of pollution control devices)3. inexpensive 2. could create fire hazard
3. must dispose of unburned materials

II. Ask the students it they think waste incineration would be good for their community. Why?

Ill. Extension: Investigate waste incineration further.

A. Research ways to use the energy produced from burning household waste. They might look intohow the metropolitan area of Nashville, Tennessee, is using waste to generate energy. Infor-mation about this project may be obtained by writing:

Nashville Thermal Transfer Corporation
110 First Avenue South
Nashville, TN 37201

Attn: General Manager
Telephone (615) 244-3150

B. Have the students research how the ashes from burned waste can be used.
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MEASURING WIND SPEED

OBJECTIVES 
SUBJECTS:
Earth Science, GeneralThe student will do the following: Science, Physical Science,
Physics1. Demonstrate an understanding of the

feasibility of using wind as an energy TIME:source. 
3-5 class periods

2. Construct a device to measure wind speed. MATERIALS:
ping-pong balls, dark thread3. Calculate average wind speed. (8" segments), glue, file
folders, small weights (I-oz4. Determine whether or not wind provides sinkers or 112" flat washers),sufficient energy to produce electricity stapler, long sewing needle,in the local area. tape, student sheets (included)

BACKGROUND INFORMATION

Differences in the amounts of solar radiation received, atmospheric conditions, and the surface of theearth produce uneven heating and cooling of the earth's atmosphere. This uneven heating results in themovement of air masses-wind.

Wind may be as gentle as a breeze or as strong as a tornado or hurricane. Wind helps control climates(including rainfall amounts) and moderates changes in temperature.

Wind has been used as an energy source for a long time. One example of this is the historic use ofwindmills to pump water. Today we are using the winds of high altitude jet streams to facilitate the speedof airplanes and save fuel.

There is a problem, however, in attempting to harness wind energy to produce electricity; wind does notblow at a constant speed or from a consistent direction. Generating electricity requires a constant windspeed of at least 13 kilometers per hour (km/hr). A device that measures wind speed is called ananemometer.

PROCEDURE

i. Have the students assemble wind speed detectors (anemometers).

A. Share the background information with the students, discussing with them the use of wind energy.Point out that a wind speed of 13 km/hr or more is needed to generate electricity. The wind muststrike the blades of a wind generator with adequate force to turn the modified windmill at speedssufficient to generate electricity. Lower wind speeds may turn the blades, but not fast enough togenerate electricity, Is wind a viable option for use as an energy resource in your community?Ask the students to identify where they could get daily or hourly information about wind speed inthe local area.
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B. Divide the students into groups of three. Give each group a copy of the student sheets "WIND

SPEED DETECTOR" and "PROTRACTOR PATTERN)" included.

C. Show the students how to assemble the ping-
pong ball component of the wind speed detector.
Threadthe needle with an 8-inch piece of thread.
Push it through the ping-pong ball and knot the
thread so that there is a small loop of thread
below the knot on which the ball rests. Glue the
knot to make sure it remains tied. Open a paper loop -' knot

clip; hook one end over the thread loop and use paper clip

the other end to hook the weight (sinker or 2-3 weight

washers).

D. Have the groups follow the directions on the student sheets to assemble their wind speed

detectors.

II. Have the students measure wind speed.

A. Give each group a copy of the student sheets "MEASURING WIND SPEED" and "WIND SPEED

DATA SHEET," included. Take the students outside. Have each group use the wind speed

detector to determine the wind speed at some location near the school - near an entrance,

between buildings, on windward (direction tE=i which wind blows) and leeward (direction tQ

which wind blows) sides of buildings, on the football field, or other locations. (Each group should

select a different location.) NOTE: Attempt this activity only when wind velocities are

predicted to exceed 15 miles per hour (a moderate breeze).

B. Have the students record wind speed observations on the data sheet for the next three to five

days. If several classes are doing this activity concurrently, data for various times of the day will

be obtained; this could be very useful. (OPTION: Students could continue collecting data

throughout the school year.) The students should enter the date and time, the angle of theirwind

speed detectors, and the angle-to-km/hrconversion figure fromthetable on "MEASURING WIND

SPEED."

C. Bring the class back inside after they have collected the data. They are then to complete the

conversion of the data to miles per hour (mph).

D. Give each group of copy of the student sheet "BEAUFORT SCALE OF WIND SPEED" (included)

to be used as a reference for converting km/hr to mph and classifying the winds they measured.

They are to enter this information on their data sheets.

E. After collecting data for several days, have the groups construct bar and/or line graphs to better

display the data. Have them mark the graph at 13 km/hr; this line will enable them to see quickly

how the data compare with the wind speed necessary for generating electricity.

F. Working together as a class, make another graph showing the wind speeds at al locations where

data were collected. Ask the students to compare wind speeds at various locations (such as the

windward and leeward sides of the building).

Ill. Continue with the follow-up below.
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FOLLOW-UP

I. Discuss the following questions with the students.

A. Could wind be used to generate electricity in your community? If so, discuss some likely loca-
tions. If not, what is the problem? Can the problem be overcome? What could be changed?

B. Is wind feasible as an energy source in mountain passes? What problems exist there?

C. Is wind power a renewable or nonrenewable resource?

D. What are some of the advantages and disadvantages of using wind as a source of power?
(Advantages include that it is free, nonpolluting, and renewable. Disadvantages include the
unreliability and unavailability of wind at some places, and the high cost of the equipment to
capture wind power.)

II. Extension: Some suggested activities to further the students' investigations are listed here.

A. Have the students compare their findings with the television or radio weather reports. Do they
differ? How? Why?

B. Discuss with the students the significance of the length of string holding the ping-pong ball. How
will the angle of displacement be affected by a given wind speed (force)? Have them work out
their hypotheses mathematically. Taking readings with different string lengths should verify the
results-

C. Have the students investigate land and sea breezes. Where do they occur? What would be
necessary in orderto use them to generate electricity? How did the Netherlands use them in the
past?

D. Have the students measurewind speeds around their homes, in tree-covered areas, in the middle
of fields, or in other locations and record their data for making comparisons later in class. Does
the time of the data collection make a difference? Should the time of day be recorded? Why?

E. Some students could make reports on the modern wind turbine.

F. (For advanced students.) Have the students calculate the potential energy of the wind, using the
angle to which the wind lifts the ping-pong ball-

1. Take the mass of the ping-pong ball.

2. Using trigonometry, determine how high the ball was lifted by the wind.

h L- X

CoscX 
L X L

X L Cosca

h= L - LCOS a ~=L( -Cos )

3- Solve for potential energy (HE.) using the equation RE. = mgh, where m = the ping-pong
ball's mass; g = the acceleration of gravity; and h L - LCos a.
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Student Sheet

0
WIND SPEED DETECTOR

Assembly Instructions 4 fold

1. The frame (Use a file folder, scissors, and a
stapler.)

With the file folder closed, fold up the long old agan and staple

edge of the folder 1" to 2" on the side where it
is prefolded.

Fold it a second time, and staple the folded
layers together at S to 6 places from one end cut

to the other.

Cut along the edge of the folded layers, stop-
ping about 2" from the end.

Turn the folder up on its end and cut across- I

perpendicular to the folded layers--leaving a cut
2" extension at the bottom. app. 2"

2. The orotractor (Use the pattern handout, scissors,
and tape.)

Cut the protractor out of the handout along the
dotted lines.

Tape the protractor pattern to one piece of the left-
over file folder.

Tape this entire "protractor" to the extension of the I
frame, so that the straight edge of the protractor is at L
the top of the 2" extension.

3. The pina-pong ball (Use the ball with the thread, pa-
perclip, weight, and tape) I string through hole and

Assemble the ping-pong ball component as demon- taped on back

strated by your teacher.

Punch a small hole at the protractor's center mark
and pass the thread through the hole. Knot the
thread and tape the knot firmly to the back of the
protractor, so that the thread measures 2-1/2" from
the bottom of the protractor to the ball. 2 1/2

Be sure that when the protractor is held level, out of
the wind, the ball component hangs at exactly 90".
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Student Sheet

PROTRACTOR PATTERN

r----~~ ~----

0 co
0

04~~~~~~~

A 0~~~~~06 0

030~~~~~~~~~~~~~1

into the wind

Lao~

1. Cut out along dotted line.

2. Tape to stiff backing.

3. Tape to frame-

4. Punch hole at center mark to attach ping-pong ball component.
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Student Sheet

MEASURING WIND SPEED

1. On the 'WIND SPEED DATA SHEET," Wind
enter the date, time, and location Speed
of the site where the data are going Angle km/h
to be collected.

2. Face into the wind and hold the 90" 0
wind speed detector at arm's 85%/950 6.5
length in front of you so that: 800/1000 13

750/1050 16
a. the flat edge I 700/1100 19

of the protractor 650/1150 21.5
is level with the 600/1200 24
ground, ¼ 550/1250 26&5

b. the protractor 500/1300 29
arrow is 450/1350 31.5
pointing itnt the - level --- a 400/1400 34
wind, 350/1450 37

c. the ball can 300/1500 41
swing freely in 250/1550 46
the wind, and 200/1600 52

d. the thread hangs at

exactly 900. 0
3. One group member should then carefully remove the paper clip and weight. (To improve the accu-

racy of your data collection, practice before recording the measurement.) Record on the data sheet
the number of the highest angle that the thread reaches on the protractor when the ball is pushed by
the wind.

4. Use the chart above to find out the wind speed, measured in kilometers per hour (km/hr), the angle
reading indicates. Record the speed on the data sheet.

5- After you finish collecting data, convert km/hr to miles per hour (mph). Referto the left-hand column
on "BEAUFORT SCALE OF WIND SPEED." Record this speed on the data sheet. Note the wind
classification in the right margin of the data sheet.

Example:

WIND SPEED DATA SHEET

Location: football field

DATE TIME ANGLE km/hr mph

October 25 8:30 a~m. 1100 19 12 (gentle breeze)
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Student Sheet

Name

Name

Name

WIND SPEED DATA SHEET

Location

DATE TIME ANGLE km/hr mph

0
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Student Sheet

BEAUFORT SCALE or WIND SPEED
The Beaufort scale describes the speed of wind

on the basis of its observable effects.

APPROXIMATILSPEED CLASSIFICATION OF WIND WHAT YOU CAN OBSERVE

Up to 1.6 km/hr Calm Smoke rises vertically
(1 mph)

1.6 to 5 km/hr Light breeze Smoke drifts
(1 to 3 mph)

6 to 19 km/hr Gentle breeze Leaves and twigs move
(4 to 12 mph)

21 to 29 km/hr Moderate breeze Dust and loose paper
(13 to 18 mph) move

30 to 50 km/hr Strong breeze Small trees sway; large
(19 to 31 mph) branches move

51 to 74 km/hr Moderate gale Whole trees move;
(32 to 46 mph) twigs break off trees

75 to 86 km/hr Strong gale Some structural damage
(47 to 54 mph) of buildings

88 to 101 km/hr Whole gale Trees uproot; much
(55 to 63 mph) structural damage

102 to 122 km/hr Sto rm Widespread damage
(64 to 75 mph)

Over 122 km/hr Hurricane Very extensive damage
(75 mph)
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IS THERE AN "ULTIMATE" ENERGY
SOURCE?

OBJECTIVES SUBJECTS:
General Science, Language

The student will do the following: Arts, Social Studies, Physics,
Chemistry, Economics

1. Research the advantages and disadvantages of
various alternative energy technologies and resources. TIME:

5 class periods, plus library
2. Examine how people solve problems and meet research

challenges.
MATERIALS:

3. "Invent" a futuristic device or technology. "Why Man Creates" (film),
"Search for Solutions: Trial
and Error' (film), student
sheets (included)

BACKGROUND INFORMATION

No single energy source can supply all the needs of all the people. For example, solar energy is less
available in the state of Washington than in Arizona, and the wind does not blow as much in Tennessee
as it does on the plains of Kansas and Oklahoma.

The primary energy sources for the Tennessee Valley in the near future will continue to be fossil fuels,
nuclear power, hydroelectricity, and solar energy. What about far in the future? As our energy options
change-and we can be certain that they eventually will-the ways we use energy and the amounts we
need will probably change, too.

We live in an age of rapidly advancing technology, but research efforts have not yet produced a new and
different inexhaustible energy source to meet our needs at this time. We must develop the ability to
change from one energy source to another as the disadvantages of availability, economics, and environ-
mental quality begin to outweigh the advantages of using certain energy sources. The lessons we have
learned from the past can help us wisely manage our energy resources in the future; but imaginative and
innovative thinking will be required to solve our energy problems.

PROCEDURE

I. Prepare well in advance forthis activity. The films "Why Man Creates" and "Search for Solutions: Trial
and Error" must be ordered from the suppliers listed at the end of this activity.

II. Have the students research alternative energy resources and technologies.

A. Show the first segment of the film "Why Man Creates." Ask the students what they saw in the film
that relatedto our need forenergy. (Whatwas significant in the last partof the segmentthey saw?)
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B. Give each student a copy of the student sheet "ALTERNATIVE ENERGY TECHNOLOGI ES AND
RESOURCES: ADVANTAGES AND DISADVANTAGES," included. Assign each student to
research one of the alternative energy resources listed on the student sheet. Each student is to
develop a short report and present it orally to the class. Arrange for students to use the library
or assign the research as homework. Set a date on which their reports are to be presented.

The reports should include the following information:

1. Brief description of the development of the energy alternative.

2. Amount of energy the alternative is producing (use most recent data) or can theoretically
supply.

3. Amount of energy consumed in the production, transmission, and end-use (final use) of
the energy alternative.

4. Environmental impact of the energy alternative.

5. Cost to the consumer (or cost of developing and/or building a system).

C. As each report is presented, have each student take notes, completing the chart on the student
sheet.

D. After all the reports are given, discuss with the students the information they gathered for each
box on the chart. Clear up any misunderstandings they may have about the information.

D. Compare the alternative energy resources and technologies about which reports were given.

1. Which alternative produces the most energy?

2. Which alternative consumes the most energy in its production, transmission, and use?

3. Which alternative has the least environmental impact?

4. Which alternative is the most expensive to the consumer?

5. How was each alternative developed?

Ill. Have the students consider how humans think, learn, and solve problems.

A. You might ask them questions like the following: Did you ever fry a hamburger? How did you
know when it was done? Did you ever bake a cake (or cookies)? How did you know when it was
(or they were) done? Did you ever work a jigsaw puzzle? How did you find the correct pieces?
Did you ever try to learn to swim, play a guitar, drive a car, speak another language, do a
cartwheel, or focus a camera or a microscope? How did you learn to do it?

B. Show the film "Search for Solutions: Trial and Error."

1. After the film, discuss with the students the basic problems faced by the people in the film,
the methods by which they overcome their problems, and the single most important factor
about each person that allowed him/her to accomplish the task.
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2. Discuss with the students the BACKGROUND INFORMATION at the beginning of this
activity, stressing the need to search for solutions to our energy problems. For example, what
is the energy limit that a human being can supply for his/her own purpose, such as flying?
How does the story of the Gossamer Condor illustrate succeeding at something considered
to be impossible?

IV. Encourage the students to pursue new ideas.

A. Tell the students that new sources of energy are being researched and developed for energy
needs right here at home, as well as for exotic uses such as space travel. The search for solutions
is practical as well as exciting. Someone sitting in a high school classroom today will help solve
our energy problems tomorrow.

B. Give each student a copy of the student sheet "MORE POSSIBLE ALTERNATIVES," included.
This handout lists more possible alternative energy resources and technologies and some
possible personal uses of energy and materials in the future. The students are to mark each use
category for which each alternative may be able to supply energy or materials. In the example
provided, the "X" indicates that geothermal energy could be used for home heating systems.
Brainstorm with the students some possible uses of these suggested resources and technolo-
gies. Look up any terms with which the class is not familiar.

V. Continue with the follow-up below.

FOLLOW-UP

I. Discuss with the students whether the various alternatives investigated by the class would be equally
useful in the Tennessee Valley, other regions of the United States, and other parts of the world.

II. Extension: Have the students work individually, in small groups, or as a class to develop an"invention." Encourage the students to be creative and innovative in their ideas. Some important
discoveries and inventions began as "wild" ideas.

A. Each "invention" should be sketched and its operation described.

B. Have the students share their inventions with the class, and let the class select the three ideas
that have the best potential for being used. Post the top three in the classroom. You may wish
to submit them for publication in the school newspaper.

RESOURCES (FILMS)

Karol Media. SearchforSolutions: Trial and Error, n.d. (Address: 22 Riverview Drive, Wayne, NJ 07470.)

Pyramid Films. Why Man Creates, n.d. (Address: Box 1048, Santa Monica, CA 90406.)
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GLOSSARY

alcohols: a class of compounds containing a hydrocarbon group and one or more hydroxyl (OH) groups;
important in many different usages, including use as clean-burning, renewable fuels.

anaerobrc digestion: the process by which microorganisms decompose organic material in the absence
of oxygen; for example, in landfills bacteria break down wastes buried there;one product is methane.

anemometer: a device that measures wind speed or force.

bloconversion: the changing of materials or energy from one form to another by the action of living
things.

biomass: a general term for plant materials (in any form, from algae to wood) and animal waste materials;
important as an alternative energy resource.

biophotolysis: a process by which plants use light energy to break down compounds; a possible
futuristic use of solar energy to produce hydrogen for use as a fuel.

BrItish thermal unit (Btu): unit measuring heat energy; the quantity of heat required to raise the
temperature of one pound of water one degree Fahrenheit.

calorie: the unit of energy used to express quantities of heat; when spelled with a lower case "c," refers
to the amount of heat needed to raise the temperature of one gram of water one degree Celsius at
one atmosphere pressure; when spelled with a capital "C." it means 1,000 calories or one kilocalorie
(food energy content in nutrition is always expressed in Calories).

convert: to change from one form to another; to transform.

cord: a unit used to measure wood cut for fuel; 4' x 4' x 8', or 128 cubic feet.

creosote: a flammable, tar-like substance that often builds up chimneys, resulting in an increased riskof chimney fires; results primarily from inefficient (low-heat) wood burning or the use of certain woods
that are more likely to form it.

depletable: describes resources that may be used up or exhausted.

derivative: something taken from another source; not original in form; an extract of something.

digester: a device in which microorganisms produce methane from organic wastes.

distill: to separate substances from the mixture or material in which they are found by vaporization and
condensation.

distillate: a liquid substance separated from another substance by vaporization and condensation.

distillation: the process by which a substance is vaporized, condensed, and then collected as a liquid.

dri-gas: a term for a group of manufactured products, which, when added to gasoline, are claimed to
remove water; most of these products contain a high percentage of alcohol.
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end-use: the final form in which energy is used directly for work, such as heating or other purposes.

environment: the physical and biological surroundings of an organism.

ethanol: an alcohol having the formula C2H,OH (structurally CH3CH2OH); formed by the fermentation

or decomposition of sugars or starches; widely used in many products, alcoholic beverages,

medicines, and gasohol; also known as ethyl or grain alcohol.

feasible: capable of being done or carried out.

fermentation: a process by which complex organic compounds are broken down into simpler

compounds; especially, the production of alcohol from sugar by yeast.

fossil fuel: a hydrocarbon fuel formed from the remains of ancient plants and animals; coal, oil, and/or

natural gas.

garbage: refuse consisting of food wastes.

gasohol: a mixture of 90 percent gasoline and 10 percent ethanol.

geothermal: describes heat energy from within the earth.

grain alcohol: ethanol produced from the fermentation of grain.

herbaceous: describes plants that are green, leafy, and fleshy-stemmed, as distinguished from woody

plants such as trees and shrubs.

hydrocarbons: a large class of chemical compounds containing only hydrogen and carbon.

hydroelectricity: electricity produced by generators powered by the energy of falling water.

incineration: controlled high-temperature burning of wastes.

Intermittent: describes something that stops and starts again from time to time.

landfill: a place where community waste is layered and buried under shallow layers of soil.

leeward: describes the side of an object that is opposite the side against which the wind blows; that is,

the side sheltered from the wind; see windward.

liquefaction: a chemical process by which solid or gaseous materials are converted to liquids.

magnetohydrodynamics (MHD): the study of electricity-conducting fluids in electric or magnetic fields;

magnetohydrodynamic generation is a proposed technology for burning coal more cleanly and

efficiently.

methane: a colorless, odorless, flammable, gaseous hydrocarbon that is a product of the anaerobic
decomposition of organic matter; can be burned as a fuel.

methanol: an alcohol having the formula CH3OH; can be formed by the destructive distillation of wood;

also known as methyl orwood alcohol; used in a variety of products such as antifreeze, solvents and

cleaners, and fuel.

nondepletable: describes resources that cannot be used up or exhausted (if managed correctly).
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nonrenewable: describes resources that cannot be restored, replenished, regrown, or replaced oncethey are used.

organic: describes chemical compounds based on the element carbon; because most of the substancesmaking up (and produced by) living things are organic compounds, the term is often used generallyto mean any material from a living or once-living source.

paraffin: a waxy, solid hydrocarbon mixture produced as a by-product in the refining of oil; used to makecandles, lubricants, sealants, and other products.

petrochemicals: chemicals derived from petroleum or natural gas.

photochemical: describes chemical reactions produced by the radiant energy of light.

photoelectrolysis: a process using the radiant energy of light-as opposed to electrical energy-to
produce a chemical change (particularly decomposition) in certain kinds of substances; a possiblefuturistic use of solar energy to produce hydrogen for use as a fuel.

production (of energy): a term used to indicate the amount of fuel made available for use during aspecified time.

renewable: describes resources that may be restored, replenished, regrown, or replaced as they areused.

reserves: identified deposits of a fuel or mineral that are profitably obtainable under present conditions,using current technology, and that are likely to be so in the future.

throw-away lifestyle: a way of living characterized by a high level of product consumption anddiscarding, especially if the products are designed for one-time usage.

tidal power: electricity produced by generators powered by the regular rising and falling of ocean waterlevels along coastal areas.

trash: a term used for wastes that do not include food wastes but may include other organic materials,
such as plant trimmings.

viable: workable; practicable.

waste: anything that is discarded, useless, or unwanted.

wind power: electricity produced by generators powered by the energy of moving air.

windward: of or on the side (of an object) that faces the wind; see leeward.
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