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Introduction

The Energy Smarts Team

: g | nergy Smarts Team members are energy
conscious students who want to save
energy at school and at home. Students
in a classroom and their teacher form an
Energy Smarts Team. Selected students monitor their
building each day, at recess, lunch, or after school.

Energy Smarts Team members hope to find every-
thing dark and quiet. They dislike energy waste and
make sure that lights and equipment not used are
turned off. No, they don't unplug refrigerators or -
incubators. '

However, they do turn off lights, overhead projec-
tors, radios, or other unused electrical gismos they
come across during their search.

They leave gentle reminders with offenders and
positive notes with those who watch their watts.
They keep careful records to document progress.
They regularly recognize rooms with perfect
records.

School District 4] in Eugene, Ore. began its aggres-
sive energy conservation program in 1987. The
school district has achieved significant savings by
installing energy efficiency measures, including
behavioral conservation activities. The Energy
Smarts Team program, called Watt Watchers in
Eugene, has brought an awareness of resource
conservation to students and staff and has encour-
aged students to make a significant difference in
reducing energy consumption at their school.

From this program and other conservation efforts,
the Eugene School District saved more than
$271,000 in avoided energy costs during the 1991-92
school year.

The Energy Smarts Team program has been instru-
mental in empowering students and staff to start
thinking about using resources wiseiy. It provides
activities for students to observe firsthand their
school’s energy consumption. The program not
only draws attention to a school’s energy use, but
also illustrates the cost of that valuable resource.

o A

Who Are Energy Smarts Team Members?
Energy Smarts Team members are responsible stu-
dents who work independently as well as part of a
team. Teachers choose team members.

What do they do?

Energy Smarts Teams monitor their school to help
conserve energy. Each Energy Smarts Team has an
assigned area in the school.

Energy Smarts Teams patrol the school checking for
unnecessary lights and other wasted energy. They
sometimes keep track of how much energy their
school uses and how much that energy costs.

How do they work?

Energy Smarts Teams keep a log where they record
when lights and other electrical equipment have
been left on or turned off in empty rooms. If people
in a classroom, work area, or office have forgotten
to turn off the lights, the Energy Smarts Team
member leaves a friendly reminder “ticket” to help
them remember the next time. A “Thank You” note

is left when people in the area have remembered to

turn off lights and other equipment.

Energy Smarts Teams are important because:
¢ The money your district is spending for lights
and equipment left on in empty rooms could
be put to better use for educational purposes.

* Using resources wisely is part of being
responsible and taking care of where you live.

» Energy Smarts Teams are fun and give students
an opportunity to contribute to their school
and learn about using resources wisely.

o A
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Energy Smarts Team Purpose

and Procedures

The purpose of Energy Smarts Team training is to
provide students with tools and information they

need to effectively monitor energy use within their
school building.

Energy Smarts Team activities build teamwork
among participants. They also increase awareness
of energy resource issues.

Team members typically monitor the school once a
day—during lunch, recess, or after school. They
work in pairs—never alone! An adult or experi-
enced team member should accompany each team
the first few times it is on duty.

The teacher or designated sponsor provides log
sheets (see p. 31) on clipboards and badges (some
type of I.D. tags) for team members to wear while
onduty.

The school is divided into routes, each including a
small number of rooms to monitor.

Each day, four or five teams pick up a clipboard
corresponding to their route. The same team might
do the same route at the same time for a week.
Scheduling is up to the teacher. Log sheets can be
altered to meet a teacher’s specific needs.

Team pairs pick up their equipment in a specified
place, such as the office, and drop it off immedi-
ately upon finishing their rounds. It is good to have
them check in with an adult when starting and
finishing their rounds so someone knows where
they are at all times.
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Activity Overview

n the following pages is the outline of a
program used in Eugene, Ore. to train
Energy Smarts Teamn members. The
training, as done in Eugene, takes about
2-1/2to 3 hours.

This manual includes a detailed outline of activities
used during the training, plus additional activities.

Depending on your interests and needs these
additional activities could be substituted for part of
the basic training. Or they can be used during
follow-up meetings with your team. You can
modify any activity to meet your needs.

Here is a brief overview of each activity in the

_manual along with a summary of its goal.

Energy Smarts Team Pretest/Post-test

Take a few minutes and find out how much your
students already know and help them focus on
important concepts. Test again at the end of the
training to determine how successful the training
has been.

White Water Rafting
An exercise to familiarize students with the idea of
simulations. It also serves to loosen up the group.

H.T. Rae Simulation

Builds problem so'ving and teamwork skills. Begins
a discussion and appreciation of finite resources
and how they can be managed for the greatest
benefit.

Cookie Mining Simulation

A fun exercise that ends with the students being
able to eat the cookie. It reinforces the meaning of
finite resources and builds an appreciation of
different perspectives and the implications they
have on management strategies. Ti:is exercise
provides information that strengthens graphing and
math skills.

School Energy Consumption

Starts to build an awareness for how energy is used
in a school. It begins to relate energy use to specific
activities at the school. The material reinforces
lessons relating to graphing and developing differ-
ent hypotheses.

Electrical Pathways

In this exercise a poster, not contained in this
manual, is used to motivate a discussion of how
electricity is produced and used. A source for the
poster is indicated in the training agenda. Other
resources can be substituted for the poster to help
motivate a similar discussion.

What's a Watt?

A watt-rate meter is used to measure and compare
energy used by typical classroom appliances such
as lights, an overhead projector, radio, etc. A watt-
rate meter can be made from an old electric meter
by retrofitting it with a standard electrical outlet.
Local electric utilities often will donate these. This is
an excellent tool for demonstrating the effect of
different measures such as replacing an incandes-
cent bulb with a fluorescent one. The watt-rate
meter also helps students develop a feeling for how
much energy a watt-hour represents and the effect
their actions as part of the Entergy Smarts Team can
have.

What's a Therm?

Many of the in-school activities focus on lighting,
computers, and other equipment that use electricity.
As students apply their knowledge at home and as
they become more sophisticated at school they will
increasingly become involved with space and water
heating and with other appliances that may be
fueled by natural gas. “What’s a Therm?” presents
background information and exercises to increase
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awareness of gas as an energy resource, how it is
measured, and the relationship between it and
other resources.

Meter Reading

This is a follow-up activity that helps motivate
students to apply their Energy Smarts Team training
outside of school. After instruction at school, the
students are able to read and record their elactric
and gas meters at home. Following a week or other
specified time period, students can compare data.
This presents a good vehicle for use of math and
graphing skills and for discussions about energy
use in their homes. It can be the start of the student
becoming Energy Smart at home too.

Top Ten Tips to Try to Tame Terrible Tempera-
ture Thieves

This activity grew out of an energy-related student
poster contest. The poster depicts ten typical actions
available to Energy Smarts Team members. The
graphics have been reproduced in the Energy Smarts
Team Training Manual along with a short descrip-
tion of the activities. As you and your team discuss
them, you may think of other actions that should be
added.

Energy Smarts Team Procedures and Materials
These materials provide a starting point for you to
work with your team on the steps you want them to
take in your building. You are free to use the
procedures and materials used in Eugene that are
included. You may use them as is or customize and
improve them based on your experience and
setting.
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Energy Smarts Team Training Agenda

(If teachers want their students to take the Energy Smarts Team pretest [pp. 11-12], this might be a good time to do it.)

Note: This is the agenda that Eugene 4] School District used for its Encrgy Smarts Team training. The manual

includes activities in addition to those described below.

1. Name that energy

Name tag energy introductions. Participants create
colorful energy name tags (3 by 5 index cards).
Include first name and two energy illustrations.
Participants introduce themselves and briefly
explain their energy illustrations.

2.  Simulations
e Ask participants to define simulation.

* White water rafting simulation.
To illustrate a simulation, have participants
pretend they are white water rafting. Explain
that we are going white water rafting and ask
them to put on their life jackets, making sure
to tie both strings. Demonstrate each part of
this simulation in front of the class. Get your
oars out and start paddling. Half of the class
might paddle on one side and half on another.
Don't forget to stop for lunch on a big rock!
Paddle around dangerous rocks, and perhaps
paddle backwards furiously when you get too
near a waterfall.

¢ H.T. Rae simulation.
Divide participants into problem-solving
groups and read aloud the H.T. Rae story (p.
14) or show it on an overiead transparency.
Encourage groups to suggest possible
solutions to the problem presented in the
story. Have groups share one or two of their
solutions with the rest of the class. Read the
ending of the story.

¢ Cookie mining simulation.
See pp. 15-16.

(Possible break. You may want to use this time to tour
the boiler room and observe the heating system of the
building.)

3. School energy consumption

Show participants how to interpret data on the pie
chart (p. 17) and line graph (p. 18). Ask participants
to guess what energy uses different slices in the pic
chart represent. Also ask them to deduce why
clectricity use is less during summer months.

~

[V

4. Electricity pathways

To stimulate discussion about electricity producers,
use the Electricity Serves Our Contmunity poster
available for $3 each plus shipping and handling
from the National Energy Foundation, 5160 Wiley
Post Way, Suite 200, Sait Lake City, Utah 84116,
telephone 801-539-1406. Emphasize similarities in
generation of electricity from many different
producers—solar, fossil fuels, wind, hydroelectric,
geotl.ermal, and nuclear.

Have participants brainstorm a list of devices at
school that use electricity. List them on the chalk-
board and categorize them according to use, e.g.,
electricity used to heat, electricity used to light,
electricity used to perform work.

5. What's a watt?

Have participants do activities suggested on pp. 19-
20. Use the watt-rate meter to show participants
actual electrical consumption of electrical devices
such as a 100 watt bulb, compact fluorescent bulb,
hair dryer, electric drill, overhead projector, radio,
etc. Point out the relationship between electrical
consumption and generation of heat. Discuss watt,
kilowatt, and kilowatt hours. Calculate the cost of
using lights for one year.

6. Energy Smarts Team procedures

and agreements
Read and discuss Energy Smarts Team procedures
and agreements (pp. 29-30). Train participants in
how to use the Energy Smarts Team log. Make up
humorous scenarios to present to participants. Have

them mark their Energy Smarts Team log appropri-
ately.

7. Tickets and certificates

Make your own “Positive tickets,” "Gentle Remind-
ers,” and “Perfect Energy User Certificates.” (See
pp- 32-33 for ideas.)

8. Evaluation.
To close the workshop, use either “What did you
learn” questions or the post-test on pp. 27-28.
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Name

Class

School

Date

Energy Smarts Team Pretest

1. It pays to turn off the lights in a room as soon as
it is empty for more than

a) 1 second.
b) 1 minute.
¢) 5 minutes.
d) 15 minutes.

. On a cool sunny day, the best idea is to

[

a) open the shades and turn on the lights.
b) close the shades and turn on the lights.
c) open the shades and turn off the lights.
d) close the shades and turn off the lights.

3. Anincandescent light bulb is the most common
type used in homes. When it is on it

a) is warm to the touch and looks like this:

b) is warm to the touch and looks like this:
1 }

c) is hot to the touch and looks like this:

4

d) is hot to the touch and looks like this:
s 13

4. Which light bul» uses the most electricity?
a) a 70 watt incandescent.
b) a 70 watt fluorescent.

¢) They both use the same.

5. Which light bulb produces the most light?
a) a 70 watt incandescent.
b) a 70 watt fluorescent.
c) They give off the same amount.

6. A school can lose energy right down the drain!
All drips being equal, the most expensive leaky
faucet

a) is a cold water faucet.
b) is a hot water faucet.
c) is a warm water faucet.

7. If someone asked you which was longer, a 40
centimeter snake or a 2 foot long snake, you would
have to convert them both to the same units. It
works this same way with energy: Electricity that
lights a bulb, oil that burns in a furnace, and heat
your body gives off can all be converted to Btu. A
Btu is about the amount of heat energy in

a) one wooden kitchen match.
b) one firecracker.
c) one average fireplace log.
d) one gallon of gasoline.
8. Electricity is measured in
a) therms.
b) watts.
c) gallons.

d) pounds.

. 11
W U
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Any School USA
Monthty Consumption of Electricity
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9. This graph shows how much electricity was
used at Any School USA during a 5 year period. In
which month did Any School USA use the most
electricity?

a) January 1989.
b) July 1991.

¢) March 1990.
d) January 1992.

10. Many tools and appliances besides overhead
lights use electricity in schools. Name three com-
mon items found at school besides lights that use
electricity.

]
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H.T. Rae Simulation

Grades 4-6
Subjects: science and social studies

Activity:

ivide participants into problem-solving
|| groups. Read aloud the H.T. Rae story
(p. 14) or show it on an overhead
transparency. Encourage groups to
brainstorm solutions to the problem. Participants
may either write down or draw their solutions.

Ask each group to share one or two solutions that
represent the general feeling of the entire group.
The instructor records suggestions on the board or
on a large sheet of butcher paper.

The ending to the story is read or shown on the
overhead projector. The instructor asks the class
which solutions suggested by the class might really
work.

Once participants realize that the astronaut group,
the Uoy, really represents the majority of us,
participants often change their minds about what
sh uld be done to solve the problem.

Solutions suggested by other students

“Lock them up in a space jail and throw away the
key.”

“Confine them to their own space and only give
them enough food to barely exist.”

“Tell them what they are doing wrong and warn
them that if they don’t change they’ll be punished.”

“Train them about recycling and other things that
will make them understand how to improve.”

“Force them out of the spaceship into space and let
them deal with what it’s like out there.”

“Torture them by only giving them a few crumbs to
eat unti! they learn their lesson.” '

“Do the same to them.... Take their food, mess up
their air and water.... Maybe they won’t be so mean
if they saw how it felt.”

o

H.T. Rae questions for discussion

1. Shall we lock up all people who pollute air and
water?

2. Many people drive automobiles. What should
be done about people who pollute air with their
automobiles?

3. Whatshall we do with people who generate
garbage? After all, most garbage is disposed of in a
way that pollutes. Using landfills to bury garbage
and incineration to burn garbage each presents a
different pollution problem.

4. Whatabout people who waste electricity?
Leaving electrical appliances and devices on when
they’re not being used wastes energy. More energy
must be produced when we waste it. Producing
energy is expensive and uses earth’s valuable
resources.

5. Ask other questions that draw attention to the
fact that each of us pollutes and wastes resources to
some extent.

13
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The H.T. Rae story

The H.T. Rae is a large spaceship that contains
averything required for a long mission to explore
the universe. Garden plots with fertile soil provide
enough food for the astronauts during their voyage.
The ship also has the ability to continually purify
air and water—recycling these elements for the
astronauts’ use. The ship, however, has only a
limited amount of natural resources on board.

Acquiring additional resources would not be a
possibility for the astronauts. Wise use of natural
resources on board is important if the ship is
expected to have enough for its entire voyage.

The H.T. Rae is fully equipped to support everyone
on board, but each of its systems must be carefully
maintained, as there is no extra water, air, soil, food,
or other resources. Successful maintenance of the
entire ship and its systems depends on careful
balance of each element and on cooperative behav-
jor of all astronauts.

On board the H.T. Rae are many groups of astro-
nauts. Most groups work well together and help
one another for the good of the ship. One of these
groups, the Uoy, is well-known for wanting more
food than their own areas can produce. They buy,
and sometimes take, some of the other astror.auts’
resources. They don’t use resources wisely. In fact,
they have been known to throw away their food
and waste. This pollution has created a problem
with the ship’s clean water supply.

The Uoy have often been known to burn their
excess waste, polluting the ship’s air supply. This
group of astronauts has really had quite an effect on
the rest of the ship.

What should be done?

(Read the following after the group finishes the H.T. Rae
simulation.)

H.T. Raeis Earth spelled backwards. The spaceship
represents Planet Earth. Uoy is you spelled back-
wards—this is to point out that we, as human
beings, are often guilty of using more natural
resources than we need. We are often guilty of
throwing away and burying or burning our waste,
which pollutes our water andair.

All of the air, water, soil, and natural resources we
will ever have are on Earth now. We breathe the
same air the dinosaurs breathed and drink the same
water they drank. We are rapidly using up natural
resources that have taken millions of years to make.
We are the astronauts on Spaceship Earth, and it is
our responsibility to keep the ecosystem in balance
for future generations of inhabitarits and to use our
naturai resources wisely.

A T E N R T e w AL ¥ 8 e~ AT A% S e, A% 7L Aty - aw AFAMT A A e 5 et e s e
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Cookie Mining Simulation
Grades 4-6
Subjects: science, math, and social studies

oal deposits, like many natural
resources, are unevenly distributed
throughout the world.

» Mining, like other methods used to extract
natural resources, affects the environment to
varying degrees.

¢ Many factors need to be considered when
making decisions regarding the wise use of
natural resources.

Background:

At present, coal provides nearly 20 percent of total
United States domestic energy needs. This trans-
lates to nearly 3 tons per person each vear. At
present rate of use, world coal supplies will last
slightly more than 70 years.

Fifty years ago when most coal mining was done
manually, underground mines accounted for 96
percent of coal produced each year, while surface
mining accounted for only 4 percent. Today, surface
mining has increased to nearly 60 percent.

Before a company can surface mine, it must gather
information about the site regarding growing
conditions, climate, soil composition, vegetation,
wildlife, etc. With this information, the company
must post a bond for each acre of land it mines to
ensure that it will be properly reclaimed.

What you'll need:
e Large, soft chocolate chip cookies, napkins,
and paper clips—one of each for every
student.

¢ Butcher paper or large graph paper.

¢ Optional: juice or milk.

What to do:
1. Give each student a cookie, a napkin, and a

paper clip. They are not t. eat the cookies until the
exercise is over.

2. Ask students to suggest what the napkin,
cookie, chocolate chips, and paper clip represent in
the simulation. (Answers: napkin represents space,
the universe; ccokie, the earth; chocclate chips, coal;
paper clip, mining machinery.)

3. Suggest that students pick a role to play in the
simulation. Tell them not to divulge their role at
this time. Possible role choices include:

The president of a coal company—emphasis on
mining a maximum amount of coal as a
primary responsibility.

An extremely environmentally conscious person—
emphasis on taking care of the earth and its
resources as a primary responsibility.

A middle-of-the-roader—person who tries to
strike: an even balance between profits and
environment.

1 s
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Number of chips found before mining

Student # of
nama chocolate chips

Rosie : 16
Larry 19
Joe 13
Cindy 20
Malcolm 18
Carmen 16
Louie 16
Shawn 19
Susan 18
Billy 19
Cecile 18
Juan 21
Abby 17
JoAnne 17
Charlie 20
Total # chips 267
Avr. # chips :
per student’ 18

4. Instruct students to count how many visible
chunks of coal are in their earth. Students may turn
the cookie over to include any surface coal visible
on the bottom. Record the average number of
visible chips on butcher paper or graph.

5. Instruct students to begin “mining” their coal
deposits. Students will mine their coal deposits
from the perspective of the role they chose earlier.

6. Have students place their coal deposits in one
pile and the earth’s crust in another. Have students
continue “mining” until most appear finished.
When students finish, have them record the total
number of pieces of coal mined on the butcher
paper or graph.

7. Quickly walk around the room asking students
to guess the role of a particular student. (A cookie
mined by a president of a coal company may
appear to have most of the coal mined, with the
earth appearing disturbed significantly. Another
cookie may appear nearly untouched, with only one
or two chocolate chips “mined.” This causes
minimal impact on the earth. This cookie may be
mined by a student taking the role of an environ-
mentalist.) Ask students to explain why they chose
their particular role.

8. Before students are allowed to eat their cookie,
instruct them to put their “earth” back together.
Encourage them to try, even if their cookie looks
like a pile of crumbs.

9. Discuss the following points with the class:

* There are more coal deposits than could be
seen on the surface.

¢ “Mining” the deeper coal took more time and
was more trouble than mining coal near the
surface. (It takes energy to get energy.)

¢ Coal deposits were unevenly distributed.
Some students had more coal deposits than
others. Why?

¢ Once the earth is disturbed by mining, it is
difficult to restore to its original state.

¢ What can be said about the employment of
people versus the effect on the earth of
obtaining those resources?

10. Allow students to eat their cookie. Provide juice
or milk if desired.

Average number of chocolate chips

Average per
student before
mining

Co. President

Chips mined - Coal  Chips mined -

Chips mined -
Extremely "Middle of the
Environmentally Roader”

Conscious Person
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School Energy Consumption

Other
5\_
—
> Lighting
Azh \‘\‘
Air Handling 2
Hot Water
‘ Cooling Heating

H Lighting 28%
M Heating 25%
[] Cooling 13%

M Hot Water 5%
B Air Handling  15%

L] Other 14%

Make a transparency of this pie chart. Before you project it, cover up words identifying energy uses. Ask
‘ students to guess what energy uses different slices in the pie chart represent. After students guess a school’s

energy use, uncover words illustrating actual consumption. Point out that lighting is a significant portion of a
school’s energy use.
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Any School USA
Monthly Consumption of Electricity
3,000,000 +
2,500,000 -
2,000,000 A
L
S
X
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Ask students to interpret data on the line graph. Ask them to deduce why electricity use is Jess during
summer months.
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What's a Watt?

Grades 3-8
Subjects: science and math

Concept:

onservation reduces our energy
demands.

e The cost of electricity to run different electrical
devices varies.

Objectives:
¢ Students will be able to determine how many
watts an electrical appliance uses by timing
the dial of a watt-rate meter and by reading
electrical consumption information printed on
the appliance.

* Students will be able to identify which
appliances in their daily lives use more power
and which appliances use less.

¢ Students will be able to state ways they can
save energy in their daily lives.

Background:

Electricity is brought to a house througtr a three-
wire cable. An electric meter connected to the
household circuit breaker or fuse box shows how
much electricity is used. Two live wires bring
electricity from the fuse box to power outlets (plug-
ins), utility boxes (lighting), and wall switches. Each
live wire is at a voltage of 120 volts relative to
ground and 240 volts relative to each other. The
third wire, or neutral, is brought to a grounding bar
in the circuit breaker box, or attached to a cold
water pipe as well as to all power outlets, utility
boxes, and wall switches. Every appliance plugged
into an outlet also has a ground connection. The
appliance ground is connected to the metal or
plastic case of the appliance.

At each power and lighting outlet no current flows
until a lamp or appliance is plugged in and
switched on. However, there is always a voltage at
that point whether current flows or not. It is like a
water tap; the pressure is always there although
there is no flow until it is turned on.

=
Oo Oo

=i

off

You will find the watt-rate meter a useful addition to
your classroom energy equipment. Your local utility
company may help you obtain a meter.

Activity:

This exercise uses a watt-rate meter to show stu-
dents how energy is measured in our homes, and
how different appliances use different amounts of
energy. A watt-rate meter is a device that measures
electrical consumption.

What you’ll need:

Watt-rate meter, clock with second hand, various
common appliances or devices with a wide range o
levels of energy consumption. Examples include a
100 watt incandescent bulb, compact fluorescent
bulb, hair dryer, electric drill, overhead projector,
radio, fan, hot plate, and portable electric heater.

What to do:

1. Time one revolution of the watt-rate meter dial
using a 100W bulb. This data should equal 120
seconds for all watt-rate (electrical) meters. It can be

used as a standard for students studying appli-
ances.

2. Help students understand that the faster the dial
goes, the more power (watts) is being used. There-
fore, half the time needed for 100 watts would equal
200 watts and twice the time would equal 50 watts.

3. Using the watt-rate ineter, show students
electrical consumption of many common electrical
appliances and «quipment in the classroom. Switch
appliances several times (e.g., from hair dryer to -
overhead projector) so students can see how speed
of the dial changes.
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4. Have students determine how many watts per
hour different electrical appliances and equipment
use. They can do this by timing revolutions of the
dial and then calculating watts for that period of
time. The 100-watt time is the starting point for
calculations. Explain that all watt-rate meters,
including the ones in their homes, measure watts at
the same speed.

5. Have students record their findings in a chart
with three columy&” In the first column, write the
name of the appliance. In the second column,
record the number of seconds it takes for the dial to
turn one time. Since they know that 100 watts takes
2 minutes (120 seconds) for one revolution, they
then can fill in the third column with the number of
watts the appliance uses. Have them compare their
findings with the chart below:

One turn of the dial Watts
in seconds

7.5 1600

11.25 1200

13 1000

15 800

30 400

45 300

60 200

75 175

90 150

105 125

120 100

240 50

6. Point out the relationship between increased
electrical consumption and the generation of heat.
(A hair dryer is a good example.)

7. Discuss watt, kilowatt, and kilowatt-hours.

8. Show students that each appliance has electrical
consumption information imprinted somewhere on
the appliance.

9. Calculate the cost of using the lights in a class-
room for one year.

Example:
42 lamps per room X 34 watts each =

42 X 34 = 1428 watts or 1.428 kilowatts (1 kilowatt =
100 watts)

1.428 kilowatts per hour X 6 hours =

8.568 kWh (kilowatt-hours) X $0.03 per kilowatt
hour =

$0.26 per day per classroom

$0.26 X 175 days of school per year = $45 per year
per classroom just for lights.

(Note: The 3 cents per kWh rate is the rate customers pay
for electricity in Eugene, Ore. in 1993. This rate needs to
be modified for specific areas. In Rhode Island, for
example, customers pay 26 cents per kWh. All conditions
being the same, it would cost a typical classroom in
Rhode Island $389.84 per year just for lights.)

10. Discuss the two results conservation measures
offer—using valuable resources wisely and saving
money.

11. Discuss ways students can conserve energy in
their daily lives. Some facts about conservation that
may be useful to use in discussion include:

e Heat is measured in Btu (British thermal
unit)—a common measuring unit of energy.
One Btu is the amount of heat needed to raise
1 pound of water 1 degree Fahrenheit. One
Btu is approximately equal {o the amount of
heat generated from one wooden kitchen
match.

¢ The ballasts that charge the gas-inside
fluorescent lights are much more energy
efficient then they were 25 years ago. In fact,
energy used by a ballast manufactured 25
years ago would use about 15 minutes worth
of electricity: In other words, many years ago
it would be beneficial to leave the lights on in
aroom if you would return within 15 minutes.
Many people still believe that leaving the
lights 011 saves energy. Today’s ballasts are so
cnergy efficient, they require less than a
second’s worth of energy to ignite the gas
inside a fluorescent tube. It does save energy
to turn off the lights even if you're going to be
gone for only a few seconds.

12. A lot of energy is used to heat a school. Discuss
some ways to help save energy on heating both at
home and in school.
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What's a Therm?

Grades 5-8
Subjects: science, math, and social studies

Concept:

* [mmamame— | bility to visualize the amount of

A Q&Y | energy represented by a therm:
what it does, how much it
typically costs, how it compares to
other energy units.

* What we know about long-term availability of
natural gas and possible environmental
consequences from its use.

¢ Options for conserving natural gas.

Background:

Natural gas is a combustible gas found in nature in
underground reservoirs of porous rocks, either
alone or in association with crude oil. Most com-
mercial natural gas in the United States is
nonassociated gas—gas that is independent of crude
oil deposits.

Natural gas is measured in cubic feet. The largest
constituer:t of natural gas (70 to 90 percent of the
volume) is methane. Other components include
ethane, propane, butanes, and some larger mol-
ecules.

On average, the heating value of commercial
natural gas is 1,000 Btu/cubic foot. Heating value
for a specific sample varies depending on the
amount of gases having a higher heating value
(such as ethane) and the amount of inert gases,
which lower the heating value. Pipeline quality gas
is required to have a minimum heating value of 900
Btu/cu ft.

In the United States before the 1870’s, natural gas
was considered largely a curiosity. In 1872, the first
iron pipeline in the United States was built to carry
natural gas 5-1/2 miles for use in Titusville, Penn
sylvania. By the 1920’s, natural gas production
reached 80 billinn cubic feet a year. In the 1930’s,
pipelines carried natural gas from Texas to the
Midwest, and the fuel became imiportant for heating
and cooking.

By the 1960’s, more than 500,000 different chemical
compounds were being made from natural gas and
oil. These chemicals are used in detergents, drugs,
fertilizers, paints, plastics, synthetic rubber, nylon
and rayon.

In 1991, 21.58 trillion cubic feet of natural gas was
used in the United States. Of this, 4 percent was
used in transportation, 14 percent in commercial
buildings, 14 percent by electric utilities, 24 percent
in homes, and 44 percent in industry.

Natural gas reserves in the United States and

Canada were estimated in 1991 to be 338.7 trillion
cubic feet.

Improving efficiency:

You can save energy if you get more benefit from
each unit of fuel you use. For natural gas, you can
improve efficiencies by reducing the amount of
energy needed for a given benefit, by improving
combustion efficiency, by increasing transfer of heat
produced to the desired application, and by im-

proving control so energy is used only when
needed.

Natural gas and global climate change:
Methane and the carbon dioxide generated when
natural gas is bumed contribute to “greenhouse
gases.” Burning a therm of natural gas releases
about 11.8 pounds of carbon dioxide into the
atmosphere.

Use of natural gas as an energy source in Oregon
was estimated to contribute 4.8 million tons of
carbon dioxide in 1988 (about 8.5 percent of all
greenhouse gas emissions in Oregon in 1988).
Without actions to reduce increases, this is expected
to grow to 6.2 million tons by 2005 (about 12.8
percent of the total in 2005). The actual increase is
likely to be larger as these figures do not include the
use of natural gas to produce electricity. Some
Oregon utilities are turning to significant numbers
of combustion turbines (which use natural gas to
produce electricity) to meet electricity needs in the
near term. ' ’

Natural gas measurement:
One cubic foot of commercial

natural gas (on average) 1,000 Btu*
One kilowatt-hour (kWh)

of electricitv 3,412 Btu
One therm of natural gas 100,000 Btu

*British thermal unit
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Questions: community, how much do people pay for a therm
1. Natural gas bills typically are based on the gf natural gas? In terms of energy available, which
number of therms used. Electricity use is based on is the better buy?

the number of kilowatt-hours (kWh). How many
cubic feet of natural gas are in a therm? How many
kWh represent the same amount of energy as a

4. If consumption of natural gas in the United
States were to remain at 1991 levels, and assuming

- no imports or exports, how many years would it
therm of natural gas? take before known North American gas supplies
2. How many cubic feet of natural gas would be would be exhausted? A

7 ¢ .
?ir&;d;? e?:égiili't??e same amount of energy as in 5. A 100 watt light bulb left on for 24 hours uses

energy equivalent to how many therms?
3. How much does your household pay for a kWh
of electricity? If natural gas is available in your

6. Savings opportunity:
Draw a line between each action and the appropriat- explanation as to why it saves energy.

A. Home insulation 1. Allows proper airflow through the heat
exchanger and back into the home. Without
proper airflow, more heat goes up the chimney.

B. Replace a pilot light with an electric ignition 2. Lessheat is required if the heat that is
produced at the furnace is delivered where it is
needed in the home. In traditional forced-air
furnaces typically 25 to 30 percent of heat is lost
in ducts between the furnace and the room where
heat is wanted.

C. Clean furnace filters 3. Reduces the requirements for space heating
and cooling.

D. Sealed and insulated ducts 4. Uses less energy by using energy only when
it is actually needed.

E. Anticipatory controls 5. Asrooms get close to the desired tempera-
ture the flame stops and final heating is provided
by the residual heat in the furnace. This helps
minimize the amount of heat lost up the chimney.
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Meter Reading

Grades 5-8
Subjects: science and math

etermine how much energy (electricity

one week by reading their power
meters. You do this by reading the
electric and/or gas meter every day at the same
time each day.

Prepare by going over instructions in “How to Read
Your Electric and Gas Meter” (p. 24).

Give each person a copy of the “Meter Reading
Worksheet” (p. 25). Go over it together.

(Note: Some electric and gas nieters may have five faces
instead of four.)

Each participant then reads their electric and/or gas
meter every day for one week and records the
reading on the “Meter Reading Record” (p. 26).
They should be sure to read it at the same time each
day.

At the end of one week have each participant
calculate how much energy (natural gas and/or
electricity) their family used. To determine the
amount, subtract the first reading from the last, and
convert to common units such as Btu. Have the
students share and discuss their results.

Possible discussion topics:

¢ Why do the amounts differ from household to
household?

¢ How might weather affect energy
consumption?

¢ How might the number of people in the
family influence energy consumption?

* How might the size, age, insulation/
weatherization, etc. of homes influence energy
consumption?

¢ What were some ways your family used
electricity and/or natural gas during the
week?

and/or natural gas) each family uses in *

Make a line graph of each household’s daily energy
use. Possible discussion topics:

* Does the energy use differ from day to day? If
so, why?

* Which day did your family use the most
energy? Why?

Suggest ways to conserve energy.
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HOW TO READ YOUR ELECTRIC
AND GAS METER ®

Namas: Date:

How To Read Your Electric Meter

The dials are like watch faces lined in a row 16,084. The reading for a four diamseter
(every other dial moves counterclockwige). would be 8,0684.
The reading for a five dial meter would be

—-4 DIAL METER

Notics that when the pointer is between two numbers, you should record the lower of the
two numbers.

B DIAL METER

WRITE 6

When the pointer seems to he diredtly on a seems to be on; if the pointer on the right
number, look at the dial to the right, if the side dial has not passed “0.” then write
pointer on the right side dial has passed “0,”  down the previous lower number on the dial
then write down the number the pointer  you are recording. O

How To Read Your Gas Meter

Take the number the first And the numbar the third
pointer has just passed... pointer has just passed...

.} e
And the number the seocond And the number the second
pointer has just passed... pointer has just passed...

Add two zZ6ro8 ..........c.00nnnn 454600
This i8 the meter reading (in cubic feet of gas).

From National Energy Foundation, 1986, Energy 6: Multidisciplinary activities for the classroom developed by ‘
the National Energy Foundation especially for teachers. Used with perntission.
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“METER READING WORKSHEET”

Name: : Date:

Read the following meters and record your answers in the space below each.

Electric Meters

ERIC s

Aruitoxt provided by Eic:
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METER READING RECORD

KName: Date:

ARE YOU SAVING ENERGY? A good way to
find out i8 to keep a record of the electricity
or natural gas you uss before and after
beginning your conservation effort. The
chart below will help you record your
progress. 1. Draw the positions of the

hands of the meter on the dials each day at
the same time. 2. Write the number in the
space below each dial and on the line at the
right. 3. Bubtract the readings on day one
from day two. Repeat each day for seven
days.

O Electric Mster [ Natural Gas Meter

DAY 1
v )
BN
s, ¢, Meter Reading Day 1
U 13
5
DAY 2
Reading Day 2
Reading Day 1
Energy used
DAY 3
Reading Day & __ . . ___
Reading Day 2
Energy used
DAY 4
9 ° ] 1 ° L) 9 0 )

s FAW#) s\ /2 2 Rﬂadingnay4
P Y | TR Y | CO Reading Day 3
s , 4 4,8 s . Energy used

k3
DAY &
Reading Day 8 _ _.___
Reading Day 4
Energy used
DAY 8
[}
7‘ ) Reading Day 8
Lo Reading Day 5
. Energy used
DAY 7
T °3 ’ T %
s 2 2 » Neadng&y'f
A S , ° Reading Day 6
$ e $, Energy used

2y

A — i A~ 1 s b o e i
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Name

Class

School

Date

tnergy Smarts Team Post-test

1. It pays to turn off the lights in a room as soon as

it isempty for more than
a) 20 minutes.
b)A15 minutes.
¢) 5 minutes.
d) 1 second.

2. One way to save energy on lighting is

a) te use incandescent bulbs whenever possible.

b) to use sunlight when possible.
¢) to use light bulbs with more watts.
d) to keep the window shades closed.

3. A fluorescent light bulb is the most common
type used in schools. When it is on, it

a) is warm to the touch and looks like this:

b) is warm to the touch and looks like this:

1 19

¢) is hot to the touch and looks like this:

d) is hot to the touch and looks like this:

1 T

4. Which light bulb uses the most electricity?
a) a 100 watt incandescent.
b) a 100 watt fluorescent.

¢) They both use the same.

20

5. Of all the things that schools do, most energy is
used for

a) heating.
b) cooling.
c) lighting.
d) hot water.
6. Which of the following is an energy waster?
a) a closed door when the heat is turned on.
b) a water faucet that doesn't leak.
c) adark, empty room.
d) an empty room with a radio on.

7. 1f someone asked you which was heavier, a 40
pound monkey or a 2 kilogram tomato, you might
have to convert them both to the same units before
answering. It works the same way with energy. The
electricity that lights a bulb, the oil that burnsin a
furnace, and even the heat your body gives off can
all be converted to Btu. A Btu is about the amount
of heat energy in

a) one wooden kitchen match.
b) one firecracker.
c) one average fireplace log.
d) one gallon of gasoline.
8. Use of electricity s measured in
a) therms.
b) kilowatt hours.
c) gallons.

d) pounds.

3FSY LOPY AVAILABLE
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Any School USA
Monthly Consumption of Electricity

3,000.000

2.500,000

2.000.000

=

1.500.000

1,000.000
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9. This graph shows how much electricity was
used at Any School USA during a 5 year period. In
which month did Any School USA use the least
electricity?

a) January 1989.
b) July 1992.

¢) March 1990.
d) January 1992.

10. There are many things that people can do to
save energy in schools. Besides turning out lights
when leaving the room, give three other energy
saving tips.

28
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Energy Smarts Team Procedures for Students

o | Pick up your 1.D,, clipboard, and log

| sheet from your teacher or other derig-
| | nated person. Energy Smarts Team
members should always carry their LD.
while on duty.

2. Do not bring your friends along or allow other
students to enter the classrooms. Only qualified
Energy Smarts Teams may monitor electrical use at
your school.

3. Inspect your assigned area and record informa-
tion neatly and in the appropriate place on the log.

4. Work quietly, quickly, and politely in rooms in
which people are working.

5. Return I.D,, clipboard, and log sheet to their
proper places, and check back in with your teacher
or other designated person.

6. At the end of each month, tally results from log -
sheet and give a progress report to each classroom.
Certificates are great for classes that do an excellent job!
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Energy Smarts Team Member Agreement

I have read the Energy Smarts Team procedures, and I understand them. I agree to assume all respon-
sibilities of the Energy Sinarts Team of my school. I will follow all Energy Smarts Team procedures and
will do the best job possible.

Name Date

Grade level Teacher name Room number
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Examples of Reminder Tickets and Certificates

4 N )
T\he Wizard Was | The Wizard was
" Watching! | | Weiching, foo bad
/@ you werent.
Good /
Job: |
<=3
\ | AN _
a8 ) )
Oops— Thanks—
Lights On Lights Off
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Perfect Energy User Certificate

Congratulations

on one week of
perfect Watt Watching]!

from the Energy Smarts Team

Energy Smarts leam on Duty

e Ty
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" - AL I
.g . ; .:.,‘:
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A Few Last Words to Teachers

g | Help team members get started. Accom- ‘
B | pany them on their first few rounds
8 | monitoring the school.

2. Check in with team members fre-
quently. Ask them to help each other.

3. Celebrate initial successes. Showing them you
care makes it all worthwhile. Throw a party! Or
give small tokens in appreciation of a job well done.

4. Have fun!
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Top Ten Tips to Try to Tame Terrible Temperature Thieves

1. Keep doors closed.

Twenty-five percent of electricity used by schools is
used by the heating system. Heating and cooling
systems are designed to heat and cool the buildings
efficiently. The system has to work hard to heat
additional air because warm air is leaving through
an open door. Doors that open out into a hall allow
warm air to heat the halls, creating further demand
for heat in the rooms. Doors that open to the
outside heat up the outdoors. It would take a heck
of a heating system to heat up the entire outdoors.

If you are too warm, tell your custodian or call your
building’s heating person. Of course the reverse is

30

true during the cooling season. Trying to cool off
the room by opening the door doesn’t work and
wastes energy. If your building is unbearably warm
or cool, please let appropriate people know.

2. Keep windows closed.

The same explanation applies to windows. Win-
dows are often near univents in buildings. When
the heating system is running in the morning, and
hot bodies arrive, some rooms get too warm.
Opening the windows allows warm air coming out
of the univents to leave on the Airgone Express. The
thermostat will turn on the heat in the room and
more warm air will be called for by the system. That
warm air will, of course, flow right out the window.
Again, let the appropriate person know your needs.

Bliorn off ithS
and other equipierd NG
W‘\Qﬂ ret ﬂmd&d:

3. Turn off lights and other equipment
when not needed.
Twenty-eight percent of electricity used by schools
is used by lights. In 1959 when the Dodgers played
the White Sox in the World Series, ballasts were
relatively inefficient. Ballasts are gismos that ignite
gas inside fluorescent lights. Ballasts of that era
used a lot of energy to ignite fluorescent lights. In
fact, the energy used by a ballast manufactured 25
years ago would use about 15 minutes worth of
electricity. In other words, many years ago it would
have been good to leave the lights on in a room if
you wculd return within 15 minutes. Many people
still believe that leaving lights on saves energy.
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But today’s ballasts are so energy efficient they
need less than a second’s worth of energy to ignite
the gas inside the fluorescent tube. It saves energy
to turn off the lights even if you’re going to be gone
for only a few seconds.

It's like being in the Twilight Heat Zone—that place
in space where a heating system knows it’s doing
its job of putting out heat but is never able to reach
the optimum temperature.

e

' ccp hermastats unobstructed .

4. Keep thermostats unobstructed.
Thermostats are only as intelligent as we let them
be. New-technology has yet to produce a thermostat
capable of reading minds. One high school coach
wanted his locker room very warm. He placed a
plastic bag full of ice on top of the thermostat. The
thermostat tried to do its job by continually sending
more heat to the locker room. The locker room was
nice and toasty, but energy use skyrocketed.

If you have a coffee pot or other heating device near
the thermostat, it will be fooled into thinking that
the room is warm enough and will not send for
heat. You can see how the saying “It’s not nice to
trick Mother Thermostat” originated.

5. Keep vents clear.

Posters, filing cabinets, boxes, coats, and other
objects blocking the vents prevent heating and
cooling systems from operating efficiently. If the
thermostat is calling for heat and the heat can never

reach the thermostat because it’s obstructed, the 6. Dress appropriately.

heat will continue trying to pour out of the vent and Wearing clothing appropriate for the weather will
will continue doing so forever without much make us all comfortable without the need for
success. extreme heating and cooling. Summer clothing in

late fall might cause some to feel cold. Warm
clothing will help prevent the chill that creeps in
from November through March. So put away those
summer clothes until June. Put on a sweater in-
stead.
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lace Hhermometer

_ri:éuv thermostot,

7.

Place thermometer near thermostat.
Thermostats are often not accurate. Many thermo-
stats read 3 to 5 degrees off the actual temperature.
If you look at the thermostat before you decide
whether you are too hot or cold, you might be
influenced by what you think the temperature is.
Get a thermometer for your room and place it near
the thermostat. See if your thermostat is accurate.
The thermostat should be set to keep the tempera-
ture between 68 and 70 degrees. If your thermostat
reads 68 and the temperature is really 73 degrees,
your room will be too warm.

Conversely, if the thermostat reads 68 and the room
temperature is really 63, your room may feel too
cold. In other words, don’t believe everything a
thermostat says—ask for a second opinion. After
all, thermostats never go on to receive an advanced
degree.

8. Arrange room for optimum comfort.
If you are always too warm and your desk is near
the univent, move to a cooler spot in the room. If
you're always cold, move away from the windows.
Even if windows are not open, on a cold day the
temperature near them will be cooler than any-
where else. Unfortunately, air movement is not an
exact science yet. The center of a room is the most
comfortable. If possible, arrange the room consider-
ing these factors.
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@ Let the sun.,shi@ e

9. Let the sun shine in.

Use the sun’s heat and light whenever possible.
You'll save energy by using fewer lights on a bright,
sunny day. You'll also allow some heat in if the sun
shines directly into your room. If it’s terribly cold
outside—below freezing—heat gain probably will
not compensate for heat loss through the windows.
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10. Call your heating person if you’re not
comfortable.
No one should be uncomfortable at their workplace.
Your heating person is willing to do whatever it
takes to make you comfortable. The problem may
be as simple as adjusting the thermostat to make
sure the temperature it registers is accurate. Rather
than cpening and closing docers and windows to
make your area comfortable, let an expert see if
something else can be done to make you comfort-
able. After all, energy is a terrible thing to waste!
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Introduction

Stated simply, energy is the abtlity to do
work or produce change. Like many
other normally-occurring facets of our
lives, we tend to take energy for granted.
But its importance should not be
overlooked, because nothing happens
without energy.

For example, the act of reading this
page requires a complex energy chain,
The light which flluminates the words Is
energy. Energy was necessary to run the
machine that printed the page. The ink
and paper were produced by energy. It
even takes energy to tum these words
Into meanings in the human mind.

While energy is responsible for making
ordinary events such as these possible.
i*s true vakse is far greater and more
basic. In many ways, we depend on
energy for our very existence.

Without energy, it would be impossibie
to produce the food we eat, process and
package it, deliver it to stores and, for
that matter, consume and digest it.

Similarly, energy is essential to produce
warmth, shelter, clothing and other
necessities of ife. To perform its impor
tant work, energy may appear in any of
several forms.

What are the
forms of energy?

Energy is @l around us, all of the time. it
may, however, be known by different
names, depending on its source. Light,
whether it comes from the sun or from
a lighthub, is radlant energy. Gravita
tional encrqy is the force whict. Folds
objects to th= earth. Food and fuel

contaln stored chemical energy, while
objects which are hot contaln thermal
energy. A machine with moving parts is
said to have mechanical energy-
Charged objects are filled with electrical
energy. And radioactive objects contain
nuclear energy.

Another Important concept of energy is
that it may change forms. imagine, for
instance. that you have a battery-
powered robot that sweeps the floor.
When you switch it on, [t starts to
sweep, What happened is that the
chemical energy In the battery produced
electrical energy in wires, which was
converted to mechanical energy in the
moving parts of the robot.

What are the
sources of energy?

Sunlight. fuel of a types, wind and
water are among the Hat of usable
encrgy sources.

While energy is present in many sour-
ces, it may not be working all of the
time. Energy In motion Is called kinetic
energy. Whenever you see something
moving or happening, you know that
kinetic energy Is the force involved,
Water flowing over a dam, a person
running, 4 machine in operation are ail
examples of kinetic energy.

Energy that Is not In motion, but could
be, is known as potential energy. For
example, a piece of firewood conlains
stored. or potential, energy that is ready
to be used.

Without plentiful usable energy sources,
lifc as we know It would grind to a halt.

is energy important?

Throughout history, the importance of
energy has become abundantly clear to
developing civitizations. What it comes
down to Is this: a nation that has many
sources of energy is usually highly
productive and successful. A nation that
can't meet its energy needs has a hard
tkne surviving,

That's why energy conservation and the
discovery of new ways to use energy will
continue to be major Issues of our time.
The world is only as safe and secure as
its energy supply.

(Adapted from Energy Readings, part
of the New York Energy Education
Project, with permission of the New
York Power Pool.)

Notes:

From National Energy Foundation, 1992, Teach With Energy!: Fundamental Energy, Electricity and Science
Lessons for Grades 4-6. Used with permission.
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Coal

How is coal formed?

Coal is classified by geologists as a
mineral. But most minerais. like salt or
#on ore, were formed by Inorganic
matter. Coal, on the other hand, came
from organic matter—plants, that liv~1
about 300 millon years ago.

During the Pennsylanian Pesiod in
earth’s history, the earth was covered
with huge swampy forests of giant fems,
reeds and mosses, which grew tailer
than our tallest trees today. As these
plants died and fell into the swamp
water, new plants grew to take their
place: and when these plants died, still
others grew. In time, there was a thick
layer of dead. decaying plants in the
water,

The surface of the earth also changed
and dirt washed into the water covering
the dead plants. preventing them from
completely decomposing. More plants
grew but they too died and fell into the
water, forming a separate layer of dead
decaying plants, which over time was
also covered by sediments. preventing
cormplete decomposition. After millions
of years many layers had formed, one
on top of the other,

The welght of the overlying layers
compressed the lower layers of plant
matter forming peat. Heat and pressure,
caused by the overlying sediments,
produced chemical changes In the peat,
forcing out oxygen and hydrogen leaving
behind rich carbon deposits —coal,

Geologists estimate that a layer of
plants 20 feet thick may have been

required to form a coal seam one foot
thick. Coal seams vasy In thickness,
ranging from only a few inches thick to
more than 100 feet [n thickness,

Where is coal located in
the United States?

Coal represents the United States’ most
abundant energy source. The (.S, Geo
logical Survey has identified 1.7 trilkon
tons of coal resources in the United
States. if yet undiscovered, but likely
deposits are added, potential reserves
may be as high as 4 trillion tons, The
World Energy Conference estimated that
the coal reserve of the United States
accounts for two-thirds of the free
world’s total and nearly 28 percent of
the total world recoverabie coal. By
comparison, Saud! Arabla has about 23
percent of the world's proven petroleum
reserves.

The (United States has about 430 bilion
short tons of demonstrated reserves,
which by definition are potentiaily mine-
able on an economic basis with exdsting
teshnology. At current domestlc con-
sumption levels, this is enough coal to
last 300 years.

Measurabie quantities of coal are found
in 36 states, and In 31 states the coal
is considered mineable. At present, coal
mining occurs in 26 states, including
areas of Appalachla, the Midwest, the
Centrul and Northwestem Plains states,
the Rocky Mountains and the Pacific
Northwest.

COAL RESERVES IN THE UNITED STATES

Lo

How is coal mined?

As was the case 50 years ago. most
coal is produced from two major types
of mines—underground and surface.
But ihe methods for recovering coal
from the earth have undergone drastic
changes in the past 25 years, as a
consequence of technological advances.

Fifty years ago when most coal mining
was done manually, underground mines
accounted for 96 percent of the coal
produced each year. Today, aimost 60
percent is produced from surface mines.
Most underground mines in the United
States are located east of the Missis:
sippl River. aithough there are some in
the West, particularly in Utah and
Colorado,

More than two-thirds of the coal pro-
duced underground is extracted by
continuous mining machines in the room-
and-pillar method. The continuous min-
ing machine contains tungsten bits on a
revolving cylinder. The continuous miner
breaks the coal from the face and then
conveys it to a walting shuttle car which
transports it to the conveyor belt to be
moved to the surface. No blasting Is
needed. After advancing a specified
distance, the continuous miner is
backed out and roof bolkts are put in
place. The process Is repeated until the
coal seam is mined.

Another method, called longwall mining.
accounts for about 20 percent ot
production. This method involves pulling
a cutting machine across a 400 to 600
foot long face (longwall) of the coal
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seam. This machine has a revoling
cylinder with tungsten bits that shear off
the coal. The coal falls into a conveyor
system which carries it out of the mine.
The roof s supported by large steel
supports, attached to the longwall
machine. As the machine moves for-
ward, the roof supports are advanced.
The roof behind the supports Is allowed
to fall. Nearly 80 percent of the coal can
be removed using this method. The
remaining 11 percent of underground
production is produced by conventional
mining which uses explosives to break
up the coal for removal.

Half of the mineable surface coal in the
{nited States is located in the West. but
significant amounts are also piesent in
Appalachia and midwestem states. Sur.
face mining is used when the coal seam
Is located relatively close to the surface,
making underground mining impractical.

Before a company can surface mine. it
must gather information about the site
reganding growing condltions, climate,
soll composition, vegetation, wildlife,
etc, With this information, the company
then applies to the federal govemment
for a permit to mine. The company
must post a2 bond for each acre of land
K milnes to assure that it will be properly
redaimed.

Most surface mines follow the same
basic steps to produce coal. Flrst.
buildozers clear and levet the mining
area. The topsoil is removed and stored
for later use in the reclamation process.
Many small holes are driled through the
overburden (dirt and rock above the coal
seam) to the coal seam. Each Is loaded
with explosives which are discherged.
shattering the rock In the overburden.
Gilant power shovels or draglines clear
away the overburden untfl the coal is
exposed. Smaller shoveis then scoop up
the coal and load it onto trucks, which
camry the coal to the preparation plant.

Once the coal is removed, the land is
regraded to the desired contour and the
topsoil Is replaced. Native vegetation
and/or trees are planted. Coal compan-
les operating surface mines must
comply with strict requirements and
regulations of the Federal Surface Min:
ing Contro! and Reclamation Act. A
cruclal part of the surface mining pro-
cess s restoring a mined site to
acceptable ecological conditions. which
means it must be made as produ ive
as [t was prior to mining. There are
farms. parks, wildemess and recreation
areas on what were once surface mines.

The major stigma with the coal industry
today is the abandoned or “orphan™
mines of the early coal mining years.

41
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These orphan mines are systematically
being reclaimed under the Surface Min-
ing Act. The Surface Mining Act taxes
coal producers at the rate of 35 cents 2
ton for surface mined coal, 10 cents a
ton for lignite mined coal. and 15 cents
a ton for underground rmined coal. The
tax is paid to the govemment and Is
used to reclaim the orphaned mines.

How 1s coal used?

Coal has four major markets: dectric
utilities, industrial/retail users, the steel
industry and exports.

Electric utilities use more than 86
percent of the coal produced In the
(nited States. Upon close examinatlon.
it is clear that price has been a major
deciding factor in coal's increased use.
More than 57 percent of the electricity
generated in the United States comes
from coal.

In an electric power plant, coal, like oil
and natural gas. Is bumed to produce
heat. The heat is used to change water
into steam, The steam then tums the
blades of a turbine. spinning the genera
tor. producing electricity, Before the coal
is bumed it is crushed and pulverized to
the conslistency of face powder.

Coal's second largest market is indus-
trial and retail users, Among the indus-
tries using coal, the largest consumers
are chemical manufacturers, users of
stone, clay and glass, paper mills.
primary metal industries and the food
Industry. Industry uses coal as a chemt
cal feedstock to make dyes. insecti
cdes, fertilizers, explosives, synthetic
fibers, food preservatives, ammonia, syn-
thetic rubber, fingemnall polish, medk
cines. etc.

The third largest market is the iron and
steel ndustry, where coal is used to
make coke. Coke Is derved from
bituminous coal through heating in
airtight ovens. The lack of air prevents
the coal from buming and converts
some of the sollds to gases . leaving
coke.

The fourth segment to market is
exports. The top five forelgn markets
are Canada, Japan, italy, Netherlands
and Brazi. U.S. coal distributed to
forelgn countries In 1988 totaled 95
million short tons (76 milion to over-
seas destinations and 19 million to
Canada). Major reasons for the decline

in United States’ coal exports from the
alHtime high of 112.5 mi¥ion tons in
1381 are stiff competition in the intema
tional marketplace and worldwide eco-
nomic conditions.

How does buming coal
affect the environment?

Coal Is a chemicaily complex fuel.
Whenever it is bumed. gases are given
off and particles of ash, called “fly ash.”
are released. The sulfur in coal com
bines with oxygen to form suffur dioxide,
which can be = major source of air
poliution if emitted In large enough
quantities.

Today, many of the effects of coal
buming have been reduced significantly
or eliminated. Three basic methods are
used to reduce the quantity of poliutants
resulting from coal combustion,

The first, a pre.combustion method for
removing contaminants from coal, is
coal cleaning or “coat benefication.” In
coal cieaning the coal is crushed and
screened from impurities. Further pro-
cessing utllizes the different gravities of
coal and impurities to separate them In
a liquid medium. Coal cleaning can
remove the pyritic sulfur, which can
reduce sulfur content by as much as 30
percent. .

The second. a post-combustion rnethod,
uses flue gas desulfurlzation systems,
commonly called scrubbers. According
to the Electric Power Research Institute,
scrubbers can remove more than 90
percent of the sulfur dioxide emissions
from coal combustion. The flue gas is
sprayed with a skuty made up of water
and an alkaline agent—usuzily lime or
fimestone. The sulfur dioxide reacts
chemically. forming calclum sulfate or
cakclum sulfite. This Is removed and
disposed of as a wet skudge. There are
currently 134 scrubbers operated by the
electric utlicy Industry in the United
States.

The final method for reducing or eimk
nating polution from coal combustion is
the use of electrostatic precipitators or
baghouses which are used to remove fiy
ash, In electrostatic precipitators the
particulate matter is given an electrical
charge, The charge attracts it to a
coflector plate, where the particies are
collected, preventing thelr discharge into
the atmosphere. In 8 baghouse, the
particulate matter is fitered out as i
passes through & serfes of fiters, similar
to a household vacuum deaner.

The two major environmental concerns
today dealing with the use of coal are:
Increases in atmospheric carbon dioxide
levels and acid rain, Much remains to be
learned about the relationship between
fossl fuels (coal, ofi, natural gas) and
the emvironment. It is believed that
combustion has parti%y contributed to
the increase in atmospheric carbon
dioxide levels. Increased atmospheric
carbon dioxide levels may result in
warmer climates due to the “greenhouse
effect.” The !ncrease in atmospheric
carbon dloxide prevents heat from
escaping from the earth, thus warming
the atmosphere.

The combustion of coal also appears to
contribute to acld rain, although precise
measures of the scope and seriousn .3s of
add rain are not clear or well understood.
What Is clear Is that further study of the
phenomenon Is necessary.

There is an interesting riddie to the ackd
rain phenomenon, and that Is that acid rain
damage has occurred duting pericds when
sulfur dioxide discharges have declined or
remained stable (su¥ur dioxide is consi
dered to be the principal cause of acid
rain).

Notes: —
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What is oli?

Oll is naturally occurring and s often
referred to as petroleum. Crude oil or
crude Is unrefined oil or petroleum.

O is a mixture of hydrogen and catbon
compounds referred to as hydrocarbons.
*housands of different hydrocarbons
make up csude oil. The simplest or
basic hydrocarbon unk (molecule) is
methane or natural gas {CH,). Hydrocar-
bons occur as liquids, gases or as
solids like gitsonite, The fonger hydro-
carbon chains are more likely to be
fiquids.

it Is thought that petroleum originated
from tiny marine plants and animals
(biotic material) that inhabited the earth
in prehistoric times. Through time, the
tiny marine plants and animals were
buried by ocean sand and siit. Over
time, the pressure and heat transformed
the biotic material into petroleum.

As the blotic materal changed from a
salid to a gas or a liquld. it began to
migrate. being propelled by water or
caplllary actlon through the porous
marine sediments. In some instances,
the petroleum migrated to the earth's
surface. Petroleum migrates upward
untii it Is trapped by 2 non-porous rock
structure called a cap. This specific
geologic formation is referred to as a
“trap.” It is these subterrancan traps
that are sought by the oll industry.
Petroleur,then,is associated with por-
ous sedimentary rock l2yers and fossil
zed marine life.

How is crude oll refined?

At a refinery. crude oil is distilied or
separated into its components or frac-
tions. Distillation involves bolling the
petroleum, drawing off the vapors, and
then condensing the vapors. The differ-
ent hydrocarbon compounds that make
up petroleum vaporize at different
temperatures; thus when they are
condensed, they separate out Into differ-
ent fractions. Fractions represent the
diverse range of products that can be
obtained from petroteumn.

How is ofl located ?

One of the most eccurate exploration
methods is seismic technology. In seis-
mic technology. sound waves, created
by explosives detonated ekher on the
earth's surface or underground, are sent
into the earth and are reflected back by
the rock layers. The reflected sound
waves are recorded by selsmographs.
Selsmographs are similar to instru-
ments used to measure earthquakes.
The reflected sound waves are recelved
by geophones, which transmit the
sound waves to a selsmograph located
in a truck. The particular rate at which
the sound waves are reflected create a
picture of the underground geology and
possible location of oll traps.

Even after the seismic picture is assimi
lated and analyzed by geophysicists.
there Is no guarantee of discovering oil.
At best, the selsmic picture can provide
only a guess to what lies beneath us.

Occasionally, ol companles driil for o
in areas where oll or natural gas has not
been discovered. Wells drilled in this
fashlon are known as “wiidcat” wells.

What processes are
involved in ofl drilling?

Before exploration can begin, encrgy
companies nced to obtaln permits and
drilling rights from landowners. Leases
might be purchased, or a development
agreement reached, with the landowner
often receiving royatties if oll Is
discovered.

Before driliing equipment can be
brought on site, preparatory work is
required. such as road buiiding. land
clearing or housing development for
workers:

in 1859, Edwin Drake, a retired raiiroad
englneer, tried to drill for oll. He used a
rig that punched or pounded a hole
69 feet deep. The pounding pulverized
the rock and soil, which was removed by
flushing the hole with water. Today's
primaty form of drilling s rotary drilling.
Drill bits are used to grind or bore
through the rock. As the drill bkt Is
lowered into the earth, pipe stems are

added to the top. Driling usually runs
24 hours per day until the wefl is
completed. The average weli today runs
a mile deep. On the Overthrust Belt
(Utah and Wyoming). it Is common to
find wells drilied between 8,000 and
15.000 feet deep because of the folded
and faulted rack layers.

An important part of the drilling process
fs the “mud.” a mixture of water, day.
and chermical additives which is pumped
into the weli during drilling. This con-
stantly drculating liquid cools the drill
bit and carmies debris out of the well. it
also prevents the d:illed area from
collapsing around the driit pipe and
serves to control the natural pressures
within the well.

Most onshore rigs are portable and
inciude tall derricks that handle the
tools and equipment that descend into
the well. Offshore drilling may be done
from bottom-based platforms. drill
ships, or submersible platforms. Each is
self-contained with its own set of equip-
ment. Workers and suppliers are ferrled
by boat or hellcopter to the rig.

Gushers — what
caused them?

After petroleum is discovered, the under-

ground pressure forces it to the surface.
The days of the “gqushers.” when oil
would expiode to the surface, are gone.
Each well contains blowout preventers
which automaticatly shut off the flow of
gas or oil should well pressure change.
preventing gushers, protecting the envi-
ronment, and preserving the preclous
fuel.

How is oll
transported to market?

Theee-fourths of the domestic crude oll
and a third of the refined products in the
U.S. are transported by pipeline. Over
1.2 milion miles of plpeline connect
production sies with refinerles and the
petroleum market.

Crude from the Overthrust Belt (Utah

and Wyoming) is transported by pipeline
to refinerics serving the Midwest and

4
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OfL AND GAS FIELDS
IN THE UNITED STATES

Westem markets. Other major pipelines
run between Texas and the Northeast-
em U.S.

Probably the most famous pipeline is
the trans Alaska pipeline, which carries
crude from the north slope of Alaska, to
Valdez in Southem Alaska. The trans
Alaska pipeline transports 1.9 million
barreis per day, 25 percent of the
nation's oil

Much of the foreign crude used In the
United States Is brought to American
ports by tankers. These “super tankers”
are over a thousand feet long and have
a capacity to transport more than two
million barrels of crude.

On a regional basis, semitank trucks
and railkroad cars haul petroleum pro-

ducts to consumers or industries that
develop and manufacture petroleum-

related products.

Where do we obtain oil?

Oil discoveries in the {.S. since the oll
embargo in 1973 are numerous. They
include the Overthrust Belt of {itah and
Wyoming. the Louisiana Trench and its
subsequent developmenrtt into the Guif
of Mexico; and fleids off the Texas and
Califomia coasts, as well as new fleids in
Arctic Alaska.

Of} or natural gas Is producedin 33 of the
50 states, with Texas stil the ieader in
production. Other top producing states
include Alaska, Loutsiana, and California.

FROM THE AMERICAN GAS ASSOCATION

The largest producers of crude oil and nat-
ural gas liquids in 1987 werethe{l.S.S.R.,
the United States, and Saudi Arabla.

How is ofl used?

Oll has become an Integral part of our
society. Much of our high standard of
iving can be traced to the use of
petroleum.

At the tum of the century, it was
relatively simple to pinpoint the major
uses of petroleum. Grease was the
major lubrkcant and kerosene the major
iRuminant, Coal, eventually to be dis-
placed by petroleum, was the major
energy source for heating.

In the 19005, America became the land
of the herseless cariage. The advent of
the intemal combustion engine to propel
the automobie provided a use for what
had been a waste product & the

refinery —gasoline. Gasolkne quickly
became an important product of petro-
leum as automakers adapted englnes to
utiiize this practical fuel.

Today, about 6,000 products are pro-
duced, wholly or In part, from petro-
leum. Among the products derived from
petroleumn are gasolfine, aviation gaso
fne, jet fuels (highly-refined kerosene),
kerosene (now used mostly for cooking,
space heaters and farm equipment),
diesel fuels (for heavy equipment), fuel
oils (for residential and commercial
heating, manufacturing processes, and
industrial steam and electrical genera-

tion), petroleurmn coke (almost pure
carbon which bums wih little or no
ash), and liquefied petroleum gas (prim-
arlly propanes and butanes obtained
from refined natural gas). Other pro-
ducts Include lubricating olls, greases,
waxes, asphalt, nylon stockings, plas-
tics, fertilizers, shoe polish, washing
powders, medicines, photographic film,
pesticides, insecticides. and waxed
paper.

What environmental
safeguards exist?

The ol industry is regulated by major
federal laws including the Federal Water
Poliution Control Act, the Clean Alr Act,
the National Environmental Policy Act,
and the Federal Land Management and
Policy Act. These laws govemn the
amount of emissions that can enter the
atmosphere from refineries, the, amount
of poliutants that can be discharged into
waters, roadbuliding, and land restora-
tion after drilling.

Energy companies have been very diii
gent in making certain they ieave a
quality environment. But accidents do
occur. The 1963 Santa Barbara oll spiil,
the 1981 Mexico oii spill in the Gulf of
Mexico, and the 1989 ol spiil near
Valdez, Alaska provide examples of the
damage that can occur to the
environment.

Less obvicus enviconmental damage
results fromm buming petroleum and
natural gas.

Automoblles, the primary petroleum
consumer In the country, emit carbon
monoxide, carbon dloxide, sulfur and
nitrogen oxides Into the atmosphere
from the combustion of petroleum.
Industry and homes also emit sulfur
when fue! oils are combusted.
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Introduction

Of the energy sources available, Ameri-
cans rely on natural gas to supply about
26 percent of their energy needs. This
ranks natural gas second in use only to
oil which supplies about 43 percent of
America's energy needs. Natural gas
provides about 42 percent of our Indus-
trial needs. Nearly six out of every 10
homes Is heated with natural gas and In
most cases, Is used for cooking, drying
ciothes, and heating water. Businesses
ana industries use natural gas in many
ways, from cooking 11 restaurants to
fueling high temperature blast fumaces
for the manufacturing of steel. In fact,
natural gas affects everything we do and
use,

What is natural gas?

Natural gas has been defined as natu-
rally occurring hydrocarbon and non-
hydrocarbon gases found in the porous
geological formations beneath the
earth's surface. It Is made up of about
90 peroent methane, with small
amounts of ethane, propane, butane,
carbon dioxide and nitrogen.

What are the origins
of natural gas?

Conventionally, it has been accepted
that natural gas Is a by-product of the
brezkdown of marine organisms and/or
terrestrial plant debris which accumu-
lated In vast deposits on the bottoms of
anclent lakes, rivers and seas. Over
time, the deposits were buried by layers
of sediment consisting of mud, sand
and rock. With each additional layer of
sediment the pressure on the orgsnic
deposis Increased. As pressure and
heat from the bulldup of sediments
increased, chemical changes in the
organic deposits took place and a
complex, tarlike substance called kero-
gen was formed. As temperatures con-
tinued to increase and the kerogen
continued "cooking.” more complex

wompounds of carbon and hydrogen
known as ofl wr:re formed. Natural gas
is generated it the same time as is oll;
however, peak generation occurs when
oll begins to break down because of
high geothermal temperatures, e.g.
greater than 205°C (400°F). This range
of petroleum (dll and natural gas)
generation is called the petroleum
window,

As natural gas molecules form, they
migrate out of the shaley “source rock™
Into more porous areas such as sand:
stone. From there, they eventually make
thelr way to either the earth’s surface
where they escape into the atmosphere,
or they zre trapped when thelir migration
path !s blocked. In the latter case,
impermeable rock layers prevent the
molecules from migrating farther and a
natural gas accumulation occurs.

NATURAL GAS FORMATION
AND ACCUMULATION

3 EARTH'S SURFACE
IMPERMEABLE

SECONDARY  LAYER

SOURCE ROCK

MIGRATION

In contrast to the biologlkcal explanation
of the origin of natural gas, the “deep
gas thaory” speculates that naturdt gas
Is derdved from nonblological materals
that formed the earth billions of years
ago. The bralnchild behind the deep gas
theory Is an American named Thomas
Gold of Comell University. In 1979,
Gold published the first papers to
contend that, “on earth, as on other
planets, most hydrocarbons were
formed from non-blologlcal sources.”
The theory proposes that the earth Is
made up of primordial materials that
combined together in space billions of
years ago when the basic structure of
the earth evolved. The materials are
believed to still be buried far below the

earth’s crust, where they have been
trapped for 4.5 billkon years. Cracks and
fissures in the earth's crust allow the
gases to migrate into reservoirs and to
the surface. In this manner, it Is belleved
that the supply of hydrocarbons pro-
duced from the primordlal material were
instrumental in the creation of the
earth’s atmosphere.

The deep gas theory further proposes
that oil molecules are capable of surviv-
ing greater temperatures and pressures
found tens of miles beneath the earth's
surface, and that many of the hydrocar-
bons that migrate up to the two-to-three
mile depths do in fact break up into
methane gas. This would explain the
presence of both oil and gas found at
two-tothree-mile depths and further
theorizes that a much greater supply of
oll Is present in “deep wells” which
range in depth from 50,000 to 60,000
feet and more.

Much of the deep gas theory evolved out
of our growing understanding of how the
universe and planets are formec. and
from information supplied by the sg ace
program. For example, when it was
leamed that many planets containeo
hydrocarbons in their atmosphere, with
little !ikelihood of ever supporting plant
or animal life, thre decp gas theory
became more credible.

How is natural gas located?

For thousands of years. humans have
known of the existence of natural gas
and have been able to find it easlly in
small quantities near the surface of the
earth, But as the readily avallable supp-
lies became scarce. man was forced to
search deeper into the carth. By analyz:
Ing what was already known about the
location and geologlcal formations n
which deposits were found, it was
determined that natural gas would most
likely be found In areas containing
source rock. "porous” reservoir rock
and favorabie trapping mechanisms
such as “migration blocks." Based on
this knowledge, new methods evolved
that would help locate other areas most
likely to contain accumulations. At first,
fairly slmple surface methods including
geologic mapping, surveys and aerial
photographs where used. But over time
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more sophisticated methods were devet
oped. Some of the methods used today
include: (1) magnetic measurement., a
measure of the magnetic field of base rock
to determine how much sediment is lying
above It; (2) satellite imagery, which helps
Identify surface structures and pattems
that ald in the search for probable
underlying hydrocarbon deposits;

(3) gravity mapping, which determines
thickness of the basin or

sedimentary rock layer and helps identify
base rock topography: and (4) seismic
sound wave reflection, which measures
the time to various rock units that
reflect acoustic energy. These reflections
are plotted in terms of time and
amplitude creating a “slice of the earth”
view.

Once a trap with economic potential is
identified, a drill site Is selected. A drill
rig is contracted to bore through the
layers of rock to the desired jevel, or
“target horizon.” The tig uses an engine
to tum a table, which tums & pipe that
has a drill bit attached on the end. With
cach rotation of the table, the bit at the
end of the pipe digs deeper into the
ground. During the process, which gen-
erally takes a few weeks, drilling mud
{bentonite clay with barite added for
welight) is circulated through the drill
pipe and well bore. The mud cools and
lubricates the bit. It also cleans the hole
of cuttings and leaves a thin cake
around the well bore to prevent caving
of rock fragments and loss of water to
the formation. The mud is “weighted” to
exceed any expected subsurface pres-
sure. Shouid a reservoir of natural gas.
oif or water that contains higher than
expected pressures be encountered.
more dense mud is immediately added.
If this cannot be done In time, then the
well is “shut in” using the surface
blowout prevention system. This system
is a series of valves that allows the
driller several options to close off the
well depending upon just how deep the
high pressure zone was encountered.
The drilling mud is then welghted and
circulated through the drilk pipe and well
bore until the natural gas. oll or water-
cut mud Is removed and the pressurc
zone is under control, if the target
horizon contains commercial quantities
of hydrocarbons (oll and/or naturat gas).
the well is completed for production, If
there is no discovery. the well Is plugged
and abandoned and the site restored to
natural conditions. About one out of
eight “wildcats™ (wells In unproved
areas) resuk in a significant discovery,

How Is natural gas
processed and distributed?

Once natural gas has been found, & Is
necessary to process it and distribute it
to users, Hundreds of years ago the
Chinese used bamboo to pipe naturai
gas directly from thelr wells to thelr
cooking pots. And In the early 1820s
William Hart, the first person to develop
a practical use for natural gas in
America, used hollow logs to bring
natural gas from shaliow wells to street
lamps and small nearby businesses. But
as Hart and others continued to ploneer
the uses for natural gas, it was found
that higher quality natural gas and more
functional and durable distribution net-
works were needed. As a result, hollow
logs soon gave way to steel end cast
iron pipes. Today, natural gas reprocess-
ing plants are used to tum hundreds of
thousands of cubic feet of unrefined
welthead natural gas into commercial,
high quality natural gas.

Before natural gas is distributed, it must
first be sent to a processing or “strip-
ping” plant where it Is cleaned and
separated. At the processing plant, the
natural gas is first sent through a
separator where secondary byproducts
including oils, impurities and heavier
hydrocarbons such as butane, ethane
and propane are removed, Most of these
byproducts are reprocessed, packaged
and sent to market for a variety of
different uses,

As natural gas leaves the processing
plant it enters a compressor station
where It is pressurized for transmission.
As the pressure is Increased, the
volume of naturz! gas is reduced and
more natural gas can be fiked into the
same unk space, and the pressure
needed to move natural gas through the
pipelines is achieved. As natural gas
fiows through the pipeline, some pres-
sure is lost due to fluid friction caused
by the natural gas rubbing against the
Inside walls of the pipe. This loss of
pressure Is made up at compressor
sub-statlons located about evesy 50-to-
100 miles along the transmisslon pipe-
fines. Along the pipelines are valves
used to contro! pressure and cut off flow
in an emergency such as a break in the
Ine or a fire.

During the summer months when peak
demands are much lower, natural gas
can be stored in empty wells, undes
ground cavems, and in liquified form in
storage tanks.

How safe is natural gas?

There are a number of propesties of
natural gas which make this energy
form extremely safe. First, uniike other
hydrocacbon fuels, natural gas {s lighter
than akr. This permits it to dissipate into
the air if a leak occurs. Other hydrocar-
bons like propane, ethane and butane
are heavier than air and will “puddie” ¥
ieaks occur,

Secondly, natural gas has a higher
combuston temperature than other
fuels. Naturat gas ignies at 649°C
(1.200°F) compared to as low as 371°C
(700°F) for some other fueis.

A third inherent property of natural gas
that helps provide a safety barrier is the
flammability range previously mentioned.
if the exact requirement for mixing
natural gas and oxygen are not met,
combustlon cannot occur.

Akhough natural gas is safe when
property used, it exhibits certain charac-
teristics that make it potentially danger-
ous, First, if natural gas and the mixture
of oxygen are not propesty balanced
when lit, incomplete combustion will
occur and carbon monoxide will be
produced. Second, i a leak occurs and
supplants all the available oxygen.
asphyxiation may occur,

Because of the potential hazards. it Is
important that «ne user know how to
safely use natural gas and care for
natural gas appliances. One of the first
steps to prevent accidents from occur-
ring Is to ensure that natural gas
appllances and equipment have been
properly installed. adjusted, vented and
Inspected. Other safety precautions that
shouid aiso be taken Inckude the
following:

1. Follow manufacturer's instructions
for the Installation. operation and
maintenance of gas equipment and
appliances.

2. Keep flammable materials (paints,
solvents, doth, paper) away from
appliances.

3. Provide proper ventilation In areas
around fumaces, water heaters, dry-
ers, ranges, etc. Many new applian-
ces use an electronic ignition instead
of a pliot light.

Perform or have performed routine
malntenance on appliances to keep
them clean and In proper working
order.

4

b

If the flame goes out. tum the gas
off, ventilate the area and notlfy the
natural gas company.
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6. Teach children how to use appliances
safely and to recognize the smeli of
natural gas.

7. When lighting a flame, always strike

the match first, then tum on the

natural gas.

8. Keep fire extinguishers In the vicinlty
of appllances with open flames.

If a natural gas leak Is detected, the follow-

ing safety precautions should be taken

Immediately.

1. Open windows and doors to ventilate
the area.

Get everybody outside then call the
natural gas company or other autho-
rized personnel for assistance. (The
telephone call should be made from
outside the home. A spark from an
electric switch or telephone could
ignie the natural gas.)

3. Avold fiames and don't tum on or off

electrical equipment or appliances.
Never look for a natural gas leak with
a lighted flame or match.

. Your natural gas can be tumed off at

the valve next to the natural gas
meter. A quarter tum of the valve in
either direction will shut the natural
gas off; the ralsed part of the vaive
will then be crosswise to the pipe.

5. If there is only a faint odor, it
probably means a pliot fight is out
on an appllance. Check the pliot
lights on all applances. To refight
the pliot light, follow the Instructions
in the owner’s manual. If you still
can't find the source or are unsure of
how to redight the pilot light, call the
local natural gas company.

Notes: ___
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Nuclear Energy

What Is nuclear energy?

Nuclear enerdy is derived from atoms.
Atoms are particies that make up
matter and are composed of neutrons,
protons and electrons. The neutrons
and protons are clumped together to
form the center or nucleus of the atom,
while the electrons orbit the nudeus.
Nudear energy is the energy inside the
nucleus of the atom which binds the
nucleus together. A change in the
nuclear composition of the atom resuits
in a release of energy.

ONE MODEL OF AN
ATOM STRUCTURE

PROTON

How is nuclear enerqy
released from an atom?

Nuclear energy is released from an atom
through nuciear fission or nudear
fusion. In the fission process, com-
monly used in today's nuclear reactors.
a nucleus of a target material such as
urantum-235 is bombarded by a neutron
which is absorbed. The absorbed neu-
tron causes the atom’s nucieus to split
apart or “fission” into two atoms of
lighter weight, releasing energy, neu-
trons and radicacthvity. Fission, then is
the splitting of atoms. Fission reactions
produce enormous amounts of heat
which tums water into steam for gener-
ating electricky. The heat Is produced
from the collision of fissioned particles
with other atoms.

In the second process of releasing
energy from the atom, the nuclei of
atoms are joined through “fusion,”
resuking in the creation of a third
element, a free neutron, and nucleus.
Heat Is ploduced when the free neutron
collides with other atoms. The sun and
stars get thele energy from the fusion of

hydrogen to produce helium. Sdentists
have been attempting to imitate this
process for many years, but It requires
extremely high temperatures. Akhough
scientists have been unable to develop a
container capabile of holding such
extrernely hot material, one of the more
promiising efforts involves containing the
material within a magnetic field, while it
is being heated to the required tempera
ture. The United States anticipates the
eventual construction of fusion power
plants,

hand, absorbs bombarding neutrons
and is transformed into Phutonium-239,
which fissions when struck by neutrons,
releasing energy. Thus, the abiiity of
uranium to fission or to be transformed
into a fissionable element is why ura
nium is used in nuclear reactors.
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What is a chain reaction? How is flssion

VWhen an atom undergoes fission. heat,
neutrons and two lighter atoms are
produced. The released neutrons are
absorbed by new atoms causing them
to fission, releasing more heat and more
neutrons. Repeating this process over
and over is a chain reactlon.

Why do we use uranfum?

Uranlum, which is naturally radicactive,
occurs in nature as ether uranium-235
or uranium-238. (The number refess to
the element's atomic mass or the
number of protons plus neutrons in the
nucleus.) Less than 1% of naturally
occurving urankum is uranium-23S, with
more than 99% being urankim-238. It is
uranlum-235 which fissions, reieasing
energy. Uranlum-238, on the other

accomplished in a
nuclear reactor?

Nuclear reactors are composed of three
principal parts: reactor vessel, core
and control rods. The reactor vessdl. a
tanklike container weighing more than
500 tons with steel walls, six to nine
Inches thick, is jocated at the base of
the reactor bullding. The core, located at
the bottom of the reactor vessel, holds
the fuel assemblles. Control rods are
inserted into the core to regulate the
rate of fission. The control rods are able
to do this because of thelr cadmium or
boron composkion (materials that
absorb neutrons). The absorption of
neutrons controls the rate of fission. To
olow the reaction, the control rods are
inserted farther into the core, This
decreases the number of neutrons that
collide with uranium atoms, thus siow-
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ing the reaction. The actual operation of
the core involves the consumption of
uranium-235, the subsequent creation
of fission by-products and the produc
tion of plutonium. Energy released by
fission is transferred to water, tuming it
to steam. From this point on, nuclear
power plants operate just like fossit
fueled power plants.

REACTOR VESSEL

What is spent fuel?

When the fuel assemblies can no longer
efficiently sustain a fission reaction
(approximately three years), they are
removed from the core. The "spent fuel”
as itis called, oontains unused nuclear
fuel and radioactive nuclear waste. The
spent fuel is stored in pools of water at
the nuclear power plant, until it can be
reprocessed or disposed of. Water is
used to coo! the fuel and absorb
radiation.

How do you isolate and
store radioactive waste
from land, water and aly?

Several methods are being developed to
isolate and safely store radioactive
nuclear waste. One method proposed
includes reprocessing the spent fuel.
The used fuel would be transported to
reprocessing plants where the stiil
unused nuciear fucl would be separated
from the radloactive material that needs
to be safely stored.

The low-level or highrlevel matesiai can be
fused into a glass or ceramic solid, which
is impervious to akr and water, and buried
in deep, stable, underground geologlc for-
mations. These storage arcas would be
constantly monitored.

In the future, radioactive wastes will be
stored in federal reposiories.

What is radiation?

Radlation is a naturally occurring
phenomenon which is the resuit of an
imbalance in the number of neutrons
and protons In the nucleus of the atom.
The imbalance results in an unstable
atom, which emits energy or radiation.
Theee forms of radiation are: alpha
particles, which can be stopped by a
single sheet of papen beta particles,
which are stopped by a thin sheet of
aluminum: and gamma rays, which are
stopped by several inches of lead or
about three feet of concrete. The inten-
sity of the radiation depends on the
speed at which the particie or ray
travels. Thus, gamma rays are move
radioactive than alpha particies as they
travel at a greater speed.

What safety precautions
are taken at nuclear

power plants?

The Nuclear Regulatory Commiasion
{NRC) is responsible for the regulation
of nuciear power plants [n the U.S. The
NRC goes to great lengths to prevent
nuclear accidents, The NRC requires
nuclear plant operators to undergo three
or more years of extensive training and
examination. The NRC also administers
strict construction, maintenance and
safety regulations.

Nudear power plants are monitored for
radiation and are designed with safcty
systems which “take control” in event of
an accident. Other safety features of
nuclear plants are: cooling systems
which pump water into the. core to keep
it cook the containment buliding, alarge
dome-shaped thick-walled steel and con-
crete building which can prevent the
escape of radiation should a probiem
develop; and an autornatic procedure
which inserts the control rods into the
core to stop the chain reaction.

Because of the dilute quantities of
uranium-235 used in commercial
nuclear reactors, nuclear explosions are
impossible. It requires at least 90%,
urantum-235 or plutonium-239 to p.o-
duce a nuclear explosion similar to that
of nuclear weapons,

Notes:
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Renewable Energy Sources

Introduction

Energy is essential in our society. Energy
ghts and heats our homes. offices and
factories. 1t powers the machines of
industry and transportation. The clo-
thing we wear, the food we eat, the
tuildings in which we live and work. and
even the systems we use to
communicate —all depend on energy.

For generations, our soclety has been
enjoying the benefits of plentiful, inex-
pensive, and easily avalable energy—
fossil fuels. But these fuels. such as
coal, off and natural gas, are finite. As
supplies have become scarce and
expensive to extract, the search has
intensified for altemative energy
sources—sources of energy other than
fossil fuels.

How is the sun
an energy source?

The most obvious and virtualy limitless
energy source is the natural fusion
reactor which the earth revoles around
in space—the sun. In terms of human-
kind's residence on earth, the sun is an
object that wili last forever, continuously
radlating energy that makes life on our
planet possible. Although the earth
intercepts only a small fraction of the
totai energy emitted by the sun, the
amount received is thousands of times
the present energy requirement of the
world’s human populstion.

The surface of the sun, which radiates
energy in the form of heat and light, is
called the phetosphere. The sun’s inte

renhelt/13 millen dogrees Coaishus). The
hest and Nght energy is produced
through a thermonuciear reaction
(Masion) In which hydrogen atoms are
fused together to form hellum.

Of the sun’s energy that reaches the
exth’s amosphere, 30 percent s
refiected back into outer space, 47
percent is absorbed by the earth'’s
surfece and comeriad ints hast enargy,

23 percent drives the hydrological
{water) cycle, less than one percent
creates winds and ocean currents, and
only 0.03 percent |s captured by plants
and used in photosynthesis. The 0.03
percent of the sun's energy captured by
plants provides all the world's food
energy and produced the stored fossit
fuel energy (coal, ofi. nawral gas). Thus.
the sun is the primary source of ali
energy on earth.

The sun's position in the sky has a
major effect on the solar energy recelved
by the earth. in order to coliect and usc
solar energy efficlently, one must be
knowledgeabie of the sun's movements,
both daily and seasonally.

What is solar radlation?

Solar radiation is a form of electromag-
netic radlaticn, Just as xrays. light
waves, microwaves, television waves and
radio waves. However, solar radiation
diflers from heat flow radistion. This
difference is important to solar energy
technologies.

Fiest, color Is an important factor In
sclar radlation, but is not in radiation
heat flow. Black or dark-colored objects
absorb solar radiation and become
hotter, while white or iight-colored
objects reflect solar radiation. Color has
no effect on radiation heat flow. Light-
and dark-colored objects will absorb the
same amount of heat energy fom
radiation heat fiow.

The second most important difference is
that solar radiation passes through
ransparent materlals (glass, plastics),
whereas radiation heat flow cannot.
Thus, transparent materials trap heat
oergy.

How is the sun’s
enargy harnessed?

Three primary processes exist by which
soler energy can be put to practical use:
photochemical, photoelectrical, and pho-
sothermal. The photochemical process,

called photosynthesis, uses solar
energy to unite carbon dioxide, water,
and nutdents from the soll to create
carbohydrates (chemical potential
energy) and oxygen. The coal, oil and
natural gas we use today probably
resulted from photosynthesls that took
place eons ago.

In the photothermal process, light
energy (shortwave radiation) Is trans-
formed into heat energy (longwave radia-
tion). As light energy strkes an object.
It Is either absorbed, reflected or trans-
formed into heat energy. The heat
energy is then either radiated away from
the object. canied off by air or water
(convection) or conducted to surround
ing objects.

Photothermal technologies-include: pas-
sive and active solar energy systems,
power towers and Ocean Thermatl
Energy Conversion (OTEC) systems.

The photoelectrical process converts
light energy into electrical energy. it
involves the use of photons (light
energy) to excite the outer (valence)
electrons of atoms, causing the elec-
trons to move, producing an electrical
curmrent. Photoelectric technologies
include photovoltaics,

What is wood energy?

Chemical potential energy Is produced
by piants thraiigh photosynthesis and Is
stored as biomass. The chemical poten-
tial energy of biomass [s reieased when
the plants decay or are bumed.

Wood is one of the most abundant and
useful forms of blomass on this planet.
Trees are a renewable resource which
today cover over 30 percent of the
earth’s land surface. If 100 million acres
of this coul be used to produce wood
fuel the United States couid reduce its
ofl consumption by 15 percent, an
equivalent of 900 mllion barrels of ofl.
Even though trees take 50 to 100 years
to reach maturity, we can use this
valuable resource forever if we grow and
harvest trees with care and planning. In
our grandparents' day, wood played a
major role as a fuel resource, account:
ing for 90 percent of the Unked States’
energy supply. In terms of fuel use
today, wood accounts for less than five
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percent of the United States’ energy
consumption.

The most ambitious plan for the use of
wood fuei fs the “energy plantation.”
These are large tracts of land devoted to
the production of trees for use in nearby
electrical generating plants. It is est}
mated that a2 1,000 megawatt plant
would require between 200 and 600
square mies of woodland in order to
have a sufficient supply of wood fuel,

However, there are problems with large-
scale use of wood. (niess the harvest-
ing of trees is done carefully and
properly. the soil can become serfously
depleted of nutrients and eroded. Also,
there are simply too many of us and we
want far more energy than our parents
or grandparents did; so wood cannot
fully satisfy our energy needs. There are
also air pollution problems with buming
wood in heavily populated areas.

What are biofuels?

Biofuels are derived from plants, which
capture the sun's energy and convert it
to blomass (chemical potential energy)
through photosynthesis. Blofuels are
distinguished from fossil fuels. which are
also of blological origin, but are non:
renewable. Blomass, in the pracess of
being eaten, bumed or decayed,
transfers its energy to the rest of the
Iving world. There are many proposals
for blomass energy plantations. One
idea calls for the growing of sea kelp in
offshore waters of Californla and Peru to
produce 1.8 billion tons of dry marine
algae per year. This blomass would then
be converted to methane, which could
meet 17 percent of the current United
States' natural gas demands. Some
farmers are already growing crops to
convert into ethanol. which when com
bined with gasoline makes gasohol.
Gasohot Is a mixture of 10 percent
ethanol and 90 percent gasoline. Gaso-
hot is one way of stretching fossi fuel
supplies.

The advantages of blofuels over other
fuel sourcs are; domestic production
would have a favorable economlc
impact. a favorable impact on the
environment (blomass Is low in poliut.
ing suifur), and the energy produced is
renewable. There are, however, problems
with the energy plantation concept; large
land areas wouid be converted to single
crop stands which are susceptible to
disease and pest outbreaks; by centraliz-
ing energy production, the energy planta.

tion requires elaborate electricity
transmisslon grids.

How Is refuse an
energy source?

One type of blomass that has potential
as an energy source Is organic waste or
refuse (garbage). Although stiil const
dered a probiem rather than a resource,
there is little doubt that refuse will be
used more and more as raw materials
for conversion and recycling. Refuse can
also be converted to other useful forms
by composting (decaying organic mate-
rals in carefully constructed piles to
produce a soil conditioner and fertilizer)
or anaerobic digestion (decaying organic
material In alrtight contalners to produce
methane, liquid fertiiizer, or distilled to
produce ethanol). However, we must
remember that it takes energy to pro-
duce the items that become our refuse.
Conservation — using less paper, plas-
tics, fabrics, auminum, etc. — saves
more energy than converslon and
recycling.

How Is wind an
energy source?

Wind is a form of kinetic energy created
in part by the sun, About two percent of
the sun’s energy that reaches the earth
Is converted to wind energy. The atmos-
phere is heated during the day by the
sun and at night it cools by josing its
heat to space. Wind is the reaction of
the atmosphere to the heating and
cooling cycles, as well as the rotation of
the carth. Heat causes low pressure
areas, and the cool of the night results
in high pressure areas. This process
creates wind when alr flows from high
pressure areas into low pressure areas.

Wind energy has been used for
hundreds of years. The windmils of
Europe and Asla converted the kinetic
energy of the wind into mechankal
encrgy, tuming wheels to grind grain.
Today wind-drfven generators are used
to convert the kinetic energy of wind
into electrical energy. Wind-deiven sys-
tems consist of a tower to support the
wind generstor, devices regulating gener-

ator voltage. propelier and hub system.
tail vane, a storage system to store
electridty for use during windless days.
and a converter which converts the
stored direct current (DC) into altemat:
ing current (AC).

In the year 2000, wind could generate
from seven to 10 percent of the total

electricity produced in the United States.

Farms in rural areas across the natlon
already find wind generators a viable
energy suppiement. However, the cost
of a wind system that provides energy at
our present rate of consumption is
expensive for a single family. The most
ambitious proposals to hamess wind
power involve the construction of wind
“farms” where hundreds of wind tur-
bines will produce electricity.

The main problem with wind energy is
that it is not constant or predictable, it
has a ioad factor of only 25 percent and
is only 35 percent efficlent. Many areas
do not have enough wind to make
generation feasble, while some loca-
tions are susceptible to gales which
would destroy or damage the system.
icing can aiso be a problem in cooler
climates. Wind systems also take up
large areas and can be qulte nolsy. If
these problems can be overcome, wind
energy could be an optimum energy
aitemativ2, due to the fact that i is
renewable and environmentally safe.

What is hydropower?

Hydropower is a form of solar energy.
The sun’s energy drives the hydrologic
cycle by evaporating water from lakes
and oceans and by heating alr. The hot
ar then rises over the water camTying
moisture to the land. The cycle con-
tinues when the water falls as precipita-
tion and flows back to lakes and
oceans.

The potential energy of water located at
dlevations above sea level is one of the
“purest” forms of energy available. it
can provide energy without producing
pollution. It Is relatively easy to control
and can be converied to electricity with
an efficiency of 75-85 percent. As a
result, large and smaii fivers around the
world with the appropriate topography
have been dammed and waterwheels
and water turbines [nstalled to capture
the kinetic energy of the falling or
fRowing water.

Hydroelectric installations require the
construction of dams to increase the
reflability of the energy svaRiable from a
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stream, The dam also regulates the flow
of water and creates water pressure at
the bottom of the dam. The water
pressure is proportional to the depth of
the reservolr created by the dam. The
greater the water pressure, the greater
the power,

Water from the reservoir flows through
the dam in pipes called penstocks to
the powerhouse. in the powerhouse the
water pressure is appiled to a turbine
which spins a generator to produce
electricity. After the water has moved
through the turbine, i Is released Into
the river below the dam.

Hydroelectric power Is cost-effective and
proven, However, there are drawbacks.
The damming of a river or stream has a
critical and sometimes ireversibie
impact on the long-term ecological
balance of that river or stream. Dams
also encourage an accumulation of sik
and can be a hazard in earthquake
zones. However, dams create a better
environment for some animals and
plants, provide new recreationai areas,
and can control natural disasters such
as floods and erosion.

How are ocean tides
an energy source?

The potential energy of gravity —caused
by the relationship between the earth,
moon, and sun—and the kinetic energy
of the earth’s rotation create tides and
the kinetic energy associated with their
rising and falling. The key to the
usefulness of tidal energy Is the height
difference between high and low tide.

In order to obtain energy from tides a
dam must be constructed across a
coastal Inket. The dam allows water to
flow inwards at high tide, trapping the
water, At low tide the water is allowed to
flow back through the dam n a pen-
stock. The flowing water tums a turbine
and generator, producing efectricity.

Therz are only a few locations in the
United States that would be suitabie for
tidal energy development. [n addition to
the environmental coricems, there are
technical and economic problems that
will have to be worked out before tidal
energy is feasible.

How are ocean waves
an energy source?

The kinetic energy of waves is derived
from the interactions of winds and
ocean currents. Methods for hamessing
the kinetkc energy of waves are new and
untested. Several different devices have
been successful on a smallscale opera
tion. All of them operated by using the
natural up-and-down motion of waves,
For exampile, the Madsuda buoy con-
sists of an uptumed canister with two
holes in the top portion of the container
floating in the water, As the waves rise
and fall inslde it, air Is forced in and out
by alr pressute, The stream of air drives
an alr turbine, which. in tum, drives a
generator producing electricity.

Waves, like wind. are unpredictable.
Also, the environmental impact of any
proposal would have to be carefully
studied. Presently, wave energy is not
economically feasible.

What is geothermal energy?

Geothermal energy, heat from within the
earth, Is the result of radioactive decay,
chemical reactions, friction from the
movement of crustai plates, and heat
present from the earth's formation.

There are three basic forms of geother:
mal energy: hydrothermal, geopressur-
zed, and hot dry rock, Hydrothermat
systems are composed of hot water and
steam trapped in porous or fractured
rock near the carth's surface. Geopres-
surized reservoirs contain a rixture of
tiot water and methane gas trapped in
sedimentary rock far beneath the earth's
susface. Hot dry rock ‘ormations contain
abnormally hot rock and kittle water.

Most of the recoverable United States
geothermal reserves arc loctded within
the Westemn states: Alaska, Califomnia,
{daho, Montane, Nevada, New Mexico,
Oregon, Utah, and Washington.

Al geothermal energy sources can be
used In industrial processes and space
heating. but only hydrothermal resour
ces can be used In electrical generation,
Hydrothermal resources use steam
directly to tum a turbine and generator
to produce electricity. In the process,
steamn Is converted to water in a
condenser and retumed to the earth.

Direct application of geothermal energy
to heat bufldings can be found in
Reykjavik, [celand: Klamath Falls,
Oregon; and Boise, 1daho. Electricity is
produced by geothermal energy in only
two locations in the United States:
Pacific Gas and Electric Company’s fleld
at the Geysers in Califomia, and Utah
Power and Light Company's fleld near
Milford, Utah.

Environmental and malntenance prob-
lems arise when the hot geothermal
water, saturated with soluble minerals,
cools and deposits the minerals in pipes
and equipment. Geothermal energy,
because of its localzation, cannot
satisly the United States’ overall energy
needs.

Notes:
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Introduction

Electricity is a secondary energy source,
that is, it is generated from the conver-
sion of a primary energy source—solar,
oll, coal, natural gas, or nuclear, Electric-
Ry Is unique, as It is energy in transk,
kinetic energy. obtalned when electric
charges are set in motion by an
electromotive force.

But to most people, electricity is the
cause of lightning, or the form of energy
that powers thelir television set and
lights thelr home. They have a Emited
understanding of the sclentific principles
and technologies required to generate,
transmit, use, and manage electricity.

What is the atomic
structure of matter?

Since the time of the ancient Greeks,
matter has been thought to be made up
of atoms (“atom” is the Greek word for
“indivisibie™), though the Greek ideas
about the nature of these “indivisble™
particles were rather vague. Through the
work of Niels Bohr, Lord Rutherford and
others it was revealed that atoms
actualty have a complex structure.

A CARBON ATOM

According to Bohr's theory, an atom

consists of a positively charged nucleus.

surrounded by negatively charged parth
cles, called electrons. The nucleus of an
atom consists of two fundamental partt
cles: protons and neutrons. The proton
carties a positive charge while the
neutron has no charge.

The positive charge of a proton is equal
to the negative charge of an electron.
Since atoms ordinatily are electrically
neutral, the number of positive charges
equais the number of negative charges
— that Is, the number of protons in the
nucleus is equat to the number of
electrons sumounding the nucleus.

What are ions
and lonization?

An lon is an atom that has become
electrically unbalanced by the ioss or
gain of one or more electrons. When an
atom loses an electron, its remaining
dectrons no longer balance the positive
charge of the nucleus. and the atom
acquires a positive charge. This atom is
called a cation. Similarly, when an atom
gains an electron, it acquires a negative
charge snd Is cailed an anlon. The
process of producing lons Is called
fonization.

lonization does not alter the chemical

properties of an atom, but it does
produce an electrical charge. lonkzation

can be brought about by the collision of
electrons or by exposure to radiation.
This Is because the electrons in the
outermost sheil of an atom are held
rather loosely and, hence, can be dis-
lodged easily. :

What are free electrons,
conductors and insulators?

Electrons that have been “knocked" out
of the outer shell of an atom are known
as “free” electrons. These free electrons
can exist by themselves outside of the
atom, and It Is these electrons which are
responsible for most electrical pheno-
mena. The movement of free electrons
constitutes an electric curmrent.

All substances normaily contain free
electrons that are capabie of moving
from atom to atom. Metallic materials,
such as siiver, copper, or aluminum,
contain numerous free electrons capable
of camying an electrk current and are
called conductors. Non-metallic mate
rials, which contain few free electrons,
are called insulators. Materiais that have
an intermediate number of free electrons
available are classed as semiconductors.
The more free electrons a material
contains, the better it will conduct
electricity.

CARBON IONS

NEGATNE 1ON
{ANION)

POSITIVE ION
(CATION)
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What is electric current?

The frez electrons in a conductor are
ordinarily In a state of chaotic motion.
However, when an electromotive force
(or voltage) is applied. such as that
provided by a battery or electric power
plant generator, the free electrons in the
conductor are guided in an orderly
fashion, atom to atom. This orderly
motion of free electrons under the
influence of an electromotive force is
called an electric current. Although
electrons dsift through the wire at a
relatively siow speed. the disturbance or
impuise is transmitted almost at the
speed of light. The electron current
continues to fiow through the conductor
as long as the electromotive force is
applied. The conductor itself remains
electrically neutral. since electrons are
neither gained nor lost by the atoms
within the conductor. What happens is
electrons enter the conductor from one
end and an equal number of electrons
are given up by the other end of the
conductor. Thus, the free electrons
present within the conductor act simply
as cutrent carmiers,

Electric current is the transport of
electric charge (electrons). Electric cur
rent is measured in amperes and is the
amount of electrons passing a given
point in one second, An ampere is equal
to about 6.25 x 10!? electrons per
second.

Voltage on the other hand is a measure
of potential difference, the electromotive
force necessary to move electrons
through conductors. The amount of
electric current moved through a con-
ductor by the voitage is influenced by
the conductor's resistance.

Liectr'c power, the rate at which work is
perform 1 .y maving electrons (electric
current), Is measured in watts and is
determined by multiplying the current by
the voitage:

1 watt = 1 amp x 1 voit

Because of the relationship between
electric current and voltage to perform
wark, the same amount of work can be
performed with either a high current and
low voltage or a low current and high
voltage.

What is resistance?

The opposition to the flow of free
dectrons in a material Is called resist.
ance. The resistance of material dissi
pates energy In the form of heat.
because of friiction between the free
electrons and atoms of the -material. As
the material is heated, more collisions
occur and the res!stance to the flow of
electric cumrent increases.

The resistance of electrical conductors
depends on thelr dimension and on their
composition. As the cross-sectional area
increases. the resistance decreases: but
as the iength increases. the resistance
rses. A long, thin conductor. therefore.
has more resistance than a short. thick
one with the same volume of material.
Silver has less resistance than copper,
whereas aluminum and iron have more.

Although the same voltage may be
applied to a light bulb and an electric
iron, the actual current flow is different
i each, because each has a different
resistance. So not only does the voltage
determine how rmuch current flows
through an electrical appilance but also
the resistance of the appKance. The
relationship between resistance (R). vol
tage (V), and current (i) then, can be
expressed by the mathematical formula:
t = V/R. The unit of measure for
resistance is the Obm, which is named
after George Ohm who was the first
person to specify the relationship
between resistance, voltage, and cur-
rent. it is this resistant property of
conductors which is used to produce
light or heat from electricity.

What is static electricity?

When certaln materials are rubbed
together. free electrons are transferred
by friction from one to the other, and
poth materials become electrically
charged. These charges are not In
motion but reside statically on each
materal, and hence this type cf electric
ity is known as static electridty. We've
all had experience with static electricity:
lightning during a storm: sparks flying
after we shuffie over a rug; hair standing
up on end after brushing — all these are
typical examples of the effects of static
electricky. This type of electricky is
produced by friction.

What is thermoelectricity?

When two dissimilar metals, such as a
copper and Iron wire, are joined together
at both ends, the free electrons wil pass
haphazardly in both directions across
the junction. Because of the different
atomic structure of the metals, elec
trons pass more readily In one direction
than in the other, This results in a
displacement of charges, making one
metal positive and leaving the other
negative. By keeping one junction at a
higher temperature than the other, a
thermal electromotive force Is obtained,
and an electric current is produced.

A single junction of two different metals
that are twisted, brazed or riveted
together at one end, is called a thermo-
couple.Thermocouples are not used to
produce electric current, since the effect
is small Their chlef use is for measuring
temperatures and cutrents in electrical
appllances and fumaces.

What Is electrochemistry?

In 1795, the Italan physicist Alessandro
Volta made the first clectrical cell by
plading two dissimilar metal electrodes
in a conducting chemical solution, called
an electrolyte. An electromotive force is
produced in such a cell by the separa-
tion of charge, brought about by the
chemical reaction between the clec
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trodes and the electralyte. This arrange
ment is knawn as a voltaic cel after its
inventor. The electromotive force gener-
ated by a vokakc cell depends on the
tendency of the ¢iectrodes’ aloms to
loge electrons and thus form positive
lons.

The voltalc cell most widely used as a
convenlent source of “portable” electric:
ity s the “dry cdl," or common flash-
ght battery. A typical dry cell consists
of a zinc metat housing, which acts as
the negative electrode, and a carbon rod
In the center, acting as the positive
electrode. The electrolyte Is a chemical
paste consisting of ammonium chioride
mixed with manganese dioxide. The
manganese dioxide absorbs hydrogen
produced from the chemical reaction. In
operation, the metalic zinc delivers
positive zinc lons to the electrolyte,
causing a difference in charge between
the zinc and carbon electrodes. If the
2inc and carbon electrodes are con-
nected In a circult, electrons will flow
from the zinc electrode to the carbon
dectrode. producing an electric current
of about 1.5 wolts. Since the electric
current produced by a battery flows only
in one direction, it is called direct
_current (DC).

Secondary cells, also called lead storage
batteries. deliver cumrent by chermical
reaction like vokaic cells. However, the
chemical reaction In & secondary cell is
reversible, permitting it to be restored to
its original condition. To restore or
recharge a secondary cell, all you have
to do [s pass an electric cument through
& In a direction opposlte to that of its
normal use or discharge The lead
storage batteries in automobliles are
secondary cells,

LEAD STORAGE BATTERY

ELECTROLYTE OF
SULHURIC ACID

What are magnetism
and electricity?

Magnetism and electricity are not two
separate phenomena, in fact, whenever
an electric current flows, a magnetic
field Is created, and whenever a magnet
moves, an electric current Is produced.
The properties of magnetism and elec:
tricity are both bound up in the nature
of the physical structure and arange-
ment of atoms and their glectrons.
Materials that appear to be magnetic,
without any outside source of electricity,
depend on electron movement within
thelr atomic structure to provide the
electric current.

Electromagnetism Is the effect by which
electrical currents produce magnetic
fields. The magnetic field around a
straight wire is weak. Stronger magnetic
fields are obtained by coling wire into a
spicaling loop, known as a solencid. The
effect of forming a solenold Is to
increase the Intensity of the magnetic
fleid without having to Increase the
current. An fron-cored solenoid has &
stronger magnetic field than that of an
alr-cored solenold. This is because the
electrons in the kron align themselves
with the magnetic field produced by the
current. iron-cored solenoids are called
electromagnets. Electromagnets ener-
gize the fields of motors and generators,
and are part of telephones, loudspeak-
ers, buzzers, electric bells, tedegraphs,
relays, electric meters and many other
devices,

To produce an electric current from a
magnet, the magnet must rotate Inside
a loop of wire or the wire toop must
rotate between two magnets. The
magnet creates an electromotive force,
which causes the electrons in the wire
to move, inducing an electric current.
The rotation of the magnet ot wire loop
akemates between “pushing” and “pulk
ing” the electrons, due to the magnet’s
polarity. The electric current produced
thus altemates its direction of flow, and
Is thesefore called altemating current
{AC). Altemnating cuxrent chenges direc
tion 60 imes a second in the {nited
States.

How do motors and
generators work?

Motors and generators are basically the
same In construction, aithough their
functions are opposite. Motors are sup-
piied with electrical energy to provide
mechanical energy; generators are sup-
plied with mechanical energy to produce
electrical energy.

The two most essential elemnents of
each of these machines are fleld and the
armature. The field Is a magnetic field
which may be derived from permanent
magnets or electromagnets.

The armature is a conductor arranged to
pass through the fleld’'s magnetic lines
of Aux at right angles. The armature
conductors may be wound onto a
oylinder that rotates [n the field, or they
may be fixed to the Inner walls of a
oylinder, within which the field windings
rotate. The armature Is generally wound
on a soft iron core to produce maxi
mum flux for a given current. The soft
iron is Jaminated (made up of thin
slices) to prevent the electric current
from circulating i the lron itself, and
thus generating heat, The static part of
the machine is called the stator and the
revolving part the rotor. Both the field
and the armature may be on either the
stator or the rotor.

The armature must be supplied with
electrical cusrent if it is the rotor ol a
motor. and there must be a way of
taking the electric current from it if it is
3 generator.
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What is a transformex?

One of the most essential electrical
devices Is the transformer, it Is used ip
power stations and at substations — In
the former to boost voltages for trans-
mission over power lines and in the
latter to reduce voitages to levels suita
ble for Industrial or domestic use.
Transformers contaln two separate wire
coils wrapped around an ifon core.
Electricity flows into the transformer
through the first coil. As the eiectriity
flows through the first coll, it produces a
magnetic field in the iron core. The
magnetic fleld then induces an electrc
current {n the second coil which flows
out of the transformes. Ol Is drculated
around the coils and fron core to
insulate and cool the transformer. If the
voltage Is to be increased, the second
coil contains more tums of the wire than
the first coll I the vokage s to be
decreased, the second coil contalns
fewer turns of the wire than the first coll,
Transformers are aiso used in many
clectrical appliances — such as radios,
televisions and battery chargers — wher-
ever voitage different from the supply is
required.

How does the
Hght bulb work?

The incandescent light bulb consists of
a thin resistive tungsten filament, at-
tached to a metal screw-type base. The
filament is mounted inside a glass bulb,
which Is filed with an inert gas —elther
argon or nitrogen. The inert gas pre-
vents the rapid buming of the filament.
The resistance causes the flament to be
heated to incandescence, producing
light.

Fluorescent light bulbs contain filament
electrodes at each end of the tube. The
tube wal i3 coated with phosphor (a
material that fluoresces under ulktraviolet
radiation) and Is fiiled with mercury
vapors. Electricity flows through the
filament, causing the flament to emit
clectrons. The electrons cause the mer-
cury vapor to break down and discharge
ultra-violet radiation, which causes the
phosphor to fworesce, producing ¥ght.

Fluorescent lights are more efficlent
than incandescent Nghts. A 40-watt
fluorescent fight bulb will produce the
same amount of jumens (light) as a
150-watt incandescent lght bulb,

How does a circuit work?

An electrc circult Is the system by
which an electric current is directed,
controfied, switched on, or switched off.
Crcuits can contaln from two or three
to many hundred different components,
according to the way in which the
current s to be controlled.

The primary requirement of a circult is
that it form a complete path; dectrons
must be able to flow through the whole
system so that as many electrons pass
back into the source of the current as
leave it

If the electricity is able to flow com-
pletely through the circult, the circult is
sald to be a “dosed-circuit.” If the
electricity {s unable to flow completely
through the circuit, the circuit is sald to
be an “open-circuit.”

There are two basic circults in which
electricity flows — serles or paraile!
circuits. In a series circuit all of the
clectrical components are connected to
each other in a “serles,” thus, the
ejectric current has only ene path to
follow and flews through each compo-
nent. In paraile! circuits, the electrical
components are connected individuatly
to the main electrical clrcuit: thus. the
electric cufrent has more than one path
to follow. Parallel circults allow for
individual control of each electrical com-
ponent. Bulldings, most appllances.
motors, etc., are wired In parallel
circuits.

SERIES CIRCUIT

I -

How is electricity
distributed in the home?

Electridity is brought to a house through
a threewire cable and connected via an
dectric meter, which indicates power
consumption to the household circuit
breaker or fuse box. The two “live wires”
are then brought from the fuse box to
power outlets (phig-ins), utility boxes
(fighting), and wall switches. Each of the
two live wires is at a voltage of 120
voits relative to ground and 240 voits
relative to each other. The third wire, or
neutral, s brought to a grounding bar in
the circult breaker box, or attached to a
metal cold water plpe, as well as to ali
power outlets, utility boxes, and wall
switches. Every appliance that is

plugged Into an outlet also has a ground
connection. The appliance ground is
connected to the metal or plastic case
of the appllance.

If the two live wires should nadvertently
come In contact with each other or the
ground, a *short drcult” occurs which
can result in a fire. In 2 properly wired
house, such a short circult causes a
fuse to medt or a breaker to open, thus
breaking or opening the circult prevent:
Ing electricity from flowing to that
porttion of the house or appliance and
causing damage.

Fuses contain a metal alloy strip that
meits when overdoaded. Circult breakers
ere essentially heat- or current-activated
switches that open when overioaded.

At each power and lghting outlet no
current flows until a lamp or applance is
plugged in and switched on. However,
there is zslways a voltage at that point
whether curmrent flows or not. It is like a
water tap; the pressure is always there
akthough there Is no flow until t Is
tumed on.

How is eloctricity
generated, transmitted
and distributed?

Hesat produced by the combustion of
fossil fuels {coal, ofl or natural gas) or
the fission of uranium Is used to convert
wates to steamn. The steam is then piped
to a turbine where Rk strikes the turbine
blades, causing the turbine shalt to
rotate. The rotating turbine shaht is
connected to the generator’s wire coil.
As the turbine shaft rotates, i causes
the generator’s wire call to spin. The
spinning wire cod is surrounded by
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GENERATION, TRANSMISSION AND DISTRIBUTION
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magnets, which induce an electric cur-
rent in the wire coil. The generator
produces an electric current of about
22,000 voits. The electric current flows
from the generator to the power plant
transformer where the voltage is
Increased or stepped up.

The voltage Is increased to reduce
transmission loss. Transmission loss is
due to the resistance of the transmis-
sion line to the flow of the electric
current. The resistance produces heat.
As the electric cumrent increases, so
does resistance and thus transmisslon
loss. Since the same power can be
obtained by transmitting electricity either
at high current and low voltage or high
voltage and low cument. it is more
efficient to transmit electricity at high
voltage and low cuirent, as less electric-
ity is converted to heat through trans-
mission line resistance. However, at
high voitages the air surrounding the
transmission line becomas partially
fonized and some electricity is lost
through atmospheric discharge, The
distance the electricity needs to be
tranamitted determines how much the
vokage is ncreased; the voltage can be
stepped up as high as 765,000 volts. A
765,000valt transmission kne trans-
ports about a&s much electricity as five
345,000-volt transmission lines, due to
transmission lose of the lower voltage
system. From the power piant trans-
former, the electricity Is transmitted
throughout the electric utilities’ service
area through high power transmission
lines. The utiity’s transmission lines are
also connected with other electric utilk
ties’ transmission lines forming a power
pool. The transmission iines transport
the clectricity to the electric utliity's local
substations. Substation transformers
decrease or step down the voltage to
between 5,000 and 35,000 wolts
(12,000 voits Is the most common).
Wooden powerpole distribution lines
carry the electricity from the substation

DISTRIBUTION TRANSFCRMER 1
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on INDUSTRIAL USE
s
14 % G
SUBSTATION 0t

ABR o

$# COMMERCIAL USF.

4 HOME USE

to consumers. However, before the
electricity Is used by the consumer, its
voltage is stepped down by the power-
pole transformer, The voitage Is stepped
down to either 120 or 240 volts.

What Is energy
conservation?

Electricity. while one of the most conve
nlent forms of energy, is also one of the
most inefficlent. Steam turbine efficlen-
ces have risen from 5 percent early in
this century to about 35 percent today,
but this still means that 65 percent of
the coal or ol bumed In power plants is
lost as waste heat and polution. The
generating efficlency of an electrical
network, including losses in transmis-
sion, is about 25 percent. A further
small loss occurs when electricity is
converted into heat, light, or mechanical
energy of appliances, producing an
overall efficiency of about 22 percent.
However, electricity can do things that
other energy sources cannot. It can
drive a whole variety of household
machines, power record players and
television sets, and provide instant,
dean and effective lighting.

Since much of our electricity must be
produced through the use of the earth’s
supply of fossil fuels, conservation is
important. Residential appliances con-
sume roughly onethird of the electricity
produced In the United States. Refrigera
tors alone utilize the electrical output ot
about 25 large power plants, nearly
seven percent of the nation’s consump-
tion. Improving the energy efficlency of
appliances Is, therefore, an Important
step toward conserving fuel resources.

When buying home apgliances it is

important to check the energy efficiency
rating and purchase the right skre

appliance. Oversized appliances con-
sume more electricity and undersized
appliances will have to work harder and
thus, consume more electricity. Always
compare the 'vattage of appliances
(wattage will inform you how much
electricity the appliance wifl consume).
Also be sure to tum off lights and other
electrical appliances when you are not
using them.

Is electricity zafe?

Electricity, when used properly. is a safe
and convenient form of energy, but
when used improperly, electricity can
cause fires, shocks, injuries, and even
death. The following safety dps will help
you avoid electrical accidents.

e Be careful with electrical cords: don't
place cords where people will teip
over them or where they will receive
excessive wear; keep cords away
from heat and water; don’t pull on
cords to disconnect them. puli on
the plug: and don't twist, kink or
crush cords.

® Never use an appliance while stand-
ing in water or when wet.

® Don’t touch metal plumbing or metal
objects and appliances at the same
time.

® Keep combustible materals away
from famps o1 heating devices.

® Disconnect appliances before
cleaning.

o Keep ladders away from electric
powei lines.

® Tum off circults when changlng light
bulbs.

¢ In case of an electrical fire, call the
fire departinent; unplug appiance ¥
safe: use fire extinguisher or baking
soda, never use water.
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® Never touch broken electric lines.

Call police and the electric company
immediately,

In case of electric shock, do not
touch victim until electricity is tumed
off, i victim is in contact with
electric power lines, the only safe
precedure is to call the power cony
pany. If victim is in contact with iow
voltage cord, use a dry rope or stick
to remove victim. Call hospital and. if
necessary. give artificial respiration
or. for shock. cover victlm and raise
his/her feet,

Never attempt to remove a kite from
dectric power lines, and be awart of
the location of electric power lines
when flying kites,

When climbing trees, be sure that
electric power lines don't touch the
tree: [f so don't climb the tree.

Notes:
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Food: The Fuel

Keeps You Going

Introduction

Everyone knows that the real reason to
eat isn't simply for pleasure. Eating Is
what provides our bodies with the
energy to live. The attractive colors,
aromas, flavors and textures of favorite
foods aren't really Important to the solid
necessity of eating for survival. They do
play a role, however, since they provide
variety and make eating a lot more
enjoyable.

Whexe does energy
in food come from?

The food chain for humans begins with
plants. Under ordinary growing condt
tions, plants require soil. water, air and
sunfight. Of these elements, the energy
source Is sunlight, or solar energy.
which is used by the plant jeaves to
combine chemicals from air and water,

Carbon dioxide from air and hydrogen
from water are comblned to form
carbohydrates, These carbohydrates,
stored in the plant’s leaves, stems and
roots, are the major energy source for
the animals (including humans) who eat
them, .

Plants get their food from the solt which
supplies chemicals for making proteins,
vitamins and minerals.

When we, In tum, eat piants. our bodles
use these proteins, vitamins and miner-
als as buikding matedals for bones,
muscies and all the rest of our physical
parts.

it's the carbohydrates, though. that we
use for energy. Our bodles break down
the carbohydrates into three fuels, Glu-
cose is the fuel we use for a constant
level of energy. Glycogen provides an
extrarich fuel for sudden emergencies.
And fat Is a long-temm storage fuel,

All three fuels are necessary to provide
the heat that keeps our bodies opera-
ting at a constant temperature of 98.6°
F (37° C), These fuels also provide the
energy for your heartbeat, breathing,
walking. talking and other physiological
functions.

When we eat beef, fish, poultry and
other meats, we are reaily cating plants
that have been converted to another
form, The energy is still there.

How is energy used
to make food and deliver
it to us?

The days are long gonie when most
peopie grew their own food and survived
independently. Today, much of what we
eat comes from other people and places
and is the resuit of a complex series of
events.

A good example of a staple crop is com.

Com requires many chemicals from the
sofl, so farmers must keep fertliizing the
soil ‘o replace important chemicals,
Usually, fertiizers made from natural gas
e used

Farm machinery, of course, bums gaso-
kne or diese’ fuel to do the plowing and
planting. If rainfali is poor, fanmers may
need to Imigate, which requires electrt
city to run the Inigation pumps. Pesti
cides made from petroleum keep the
com heaithy.

Then, fuekbuming machinery picks the

corn which Is transported by truck or rall

to where It is sold. Since this may be
thousands of miles away, the fuel (and
energy used) s often substan'ial.

Once the com gets to you, other forms
of energy may be necessary to husk it,
clean it and cook it to your tastes.
Meanwhiie, energy is being used to
produce and ship many other types of
foods which will eventually end up on
your table.

And the entire process has only one
purpose: Lo give you energy to survive.

(Adapted from Energy Readings, part
of the New York Energy Educaticn
Project, with permission of the New
York Power Pool.)

Notes:
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