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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

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 ocut the window.
Again, let the appropriate person know your needs.

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 would 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.

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
heat will continue trying to pour out of the vent and
will continue deing so forever without much
success.
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1t’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.

6. Dress appropriately.

Wearing clothing appropriate for the weather will
make us all comfortable without the need for
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.



Energy Smarts Team Training Manual

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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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 opening and closing doors 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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The Importance Of Energy

Introduction

Stated simply, energy Is the ablity to do
work or produce change. Like many
other nomally-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 chaln.
The light which fluminates 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 turn these words
Into meanings in the human mind.

While energy is respansible for making
ordinary events such as these possible,
its true value is far greater and more
basic. [n many ways, we depend on
energy for our very existence.

Without energy, It would be impossible
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 life, To perfform its Impor-
tant work, energy may appear in any of
several forms.

What are the
forms of energy?

Energy is all around us, al 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 lightbub, is radiant energy. Gravita-
tional energy is the force which holds
obiects to the carth, Food and fuel

contain 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 fllled 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 fioor.
When you switch 1t on, it 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 al types. wind and
water are among the list of usable
€Nergy SOUrCes.

While energy is present in many sowr
ces, it may not be working all of the
time. Enexgy in motion is calied kinetic
energy. Whenever you see something
moving or happening. you know that
kinetic energy is the force invoived,
Water lowing over & dam, a person
running, a maching in operation are alt
examples of kinetic energy.

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

Without plentiful usable energy sources,
life as we know it would grind to a halt.

Is energy important?

Throughout history, the importance of
energy has become abundantly clear to
developing civilizations, 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
time 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 oniy 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
s

How is coal formed?

Conl is classified by geologists as a
mineral. But most minerals, like sak or
won ore, were formed by Inorganic
matter. Coal, on the other hand, came
from organic matter—plants, that lved
about 300 milion years ago.

During the Pennsylanian Period in
earth’s history. the carth was covered
with huge swampy forests of giant femns,
reeds and mosses, which grew taller
than owor 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
alsc covered by sediments, preventing
complete decomposition. After millions
of years many layers had formed, one
on top of the other.

The weight of the overlying layers
compressed the lower layers of plant
matter forming peat. Heat and pressure,
caused by the overlylng sediments,
produced chemicai 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 vary In thickness,
ranging from only a few Inches thick to
more than 100 feet in thickness.

Where is conl located in
the {Inited States?

Coal represents the United States' most
abundant energy source. The (.S, Geo
logical Survey has Identified 1.7 trillon
tons of coaf resources in the United
States. If yet undiscovered, but lkely
deposits are added. potential reserves
may be as high as 4 trllion tons. The
World Energy Conference estimated that
the coal reserve of the United States
accounts for two-thids of the free
world’s total and nearly 28 percent of
the total world recoverable coal. By
comparison, Saudi Arabla has about 23
percent of the word's proven petroleum
reserves.

The (nlted States has about 490 bilfion
short tons of demonstrated reserves,
which by definition are potentially mine-
able on an economic basis with existing
technology. At current domestic con-
sumption levels, this (s enough coal to
last 300 years,

Measurable quantities of coal are found
in 36 states, and in 31 states the coat
is considered mineable. At present, coal
mining occurs in 26 states, including
areas of Appatachla, the Midwest, the
Central and Northwestem Plains states,
the Rocky Mountaing and the Pacific
Northwest,

COAL RESERVES IN THE UNITED STATES

>

How is coal mined?

As was the case 50 years ago, mast
coal is produced from two major types
of mines - underground and surface.
But the 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, almost 60
percent is produced from surface mines.
Most underground mines in the United
States are located sast of the Missis-
sippi River, although there are some in
the West, particularly in dtah and
Colorado.

More than two-thirds of the coat pro-
duced underground Is extracted by
continuous mining machines in the room-
and-pillar method. The continucus 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 waiting 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 ig
backed out and roof bolts are put in
place. The process is repeated untit the
coal seam is mined,

Ancther method, called longwall mining.
accounts for about 20 percent of
production. This method involves pulling
a cutting machine across a 400 to 600
foot long face {longwall) of the coal

MILLION SHORT TONS

TITIIG 7,

1

10,000 TO 100,000
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ROOM AND PILLAR METHOD seam. This machine has a revolving
COAL PREPARATION PLANT cylinder with tungsten bits that shear off
sTOC the coal. The coal falls into a corveyor
COAL KALE system which caries it out of the mine.
The roof is 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 B0 percent of the coal can
i v be removed using this method. The
TSI remaining 11 percent of underground
=l " production is produced by conventional
mining which uses explosives to break
up the coal for removal,

F Half of the mineabie surface coal in the
T X S~y {nited States is located in the West, but

. 4 iy significant amounts are also present in

” Appalachia and midwestern states. Sur-
A face mining Is used when the coal seam

d — i SHUTTLE CAR is located relatively close to the surface,
COAL PILAR CONTINUOUS MINER] J_/ making underground mining impractical.

COAL CRUSHER ~%4%°

2 e COAL CONVEYOR)

Before a company can surface mine, it
must gather inforrnation about the site
LONGWALL MINING » regarding growing conditions, cimate,

/ ¢ sof composition, vegetation, wildiife,
A TE R R e etc. With this information, the company

R then applies to the federal govenment
e : for a permit to mine. The company
must post a bond for each acre of land
#t mines to assure that it will be properly
L redaimed.
SHAFT o Most surface mines follow the same
T basic steps to produce coal. First,
. bufldozers clear and level the mining
LOADING HOPPER > area. The topsoil is removed and stored
s for later use In the reclamation process.
Many sraall holes are drilled through the

COMVEYOR BELT —%,

RALULIC JACKS . SKiP overburden {dirt and rock above the coal
M / seamn} to the coal seam. Each is loaded
5 con o s iebe i
SHEARER CHAN /

Giant power shovels or draglines clear
away the overburden until the coal Is
exposed. Smaller shovels then scoop up
SURFACE MINE the coal and load it onto trucks, which
cany the coal to the preparation plant.

Once the coal is removed, the land iy
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 Control and Reclamation Act. A
crucla part of the surface mining pro-
cess {s restoring a mined site to
acceptable ecological conditions, which
means it must be made as productive
as [t was prior to mining. There are
farms, parks, wildemess and recreation
aress 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.

R A A

41



Energy Smarts Team Training Manual

These orphan mines are systematically
being reclaimed under the Surface Min-
ing Act. The Surface Mining Act taxes
coal producers at the rate of 33 cents a
ton lor surface mined coal, 10 cents a
ton for lignite mined coal, and 15 cents
a ton for underground mined coal. The
tax is paid to the govemrnent and s
used to reclaim the orphaned mines,

How Is 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
{United States, Upon close examination,
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, ke oil
and natural gas, 1s bumed to produce
freat. The heat is used to change water
into steamn. The steam then tums the
blades of a turbine, spinning the genera
tor. producing electricity. Before the coal
Is bumned it is crushed and pulverized to
the consistency of face powder.

Coal's second largest market [s 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 chemi
cal feedstock to make dyes, insecti
ddes, fertiizers, suplosives, synthetic
Mbers, food preservatives, ammonia, syn-
thetic nubber, fingemall polish, medF
dnes, ete.

The third largest market is the Iron and
steel Industry, where coal Is used to
make coke. Coke is derved from
bituminous coal through heating in
alrtight ovens. The lack of air prevents
the coal from burning and converts
some of the solids to gases. leaving
coke.

The fourth segment to market Is
exports. The top five foreign markets
are Canada, Japan, Italy, Netherlands
and Brazll. {I.8. coal distrbuted to
forelgn countries In 1988 totaled 93
million short tons (76 million to over-
seas destinations and 19 milion to
Canada). Major reasons for the decine

in United States' coal exports from the
alltime high of 112.5 mikion tons in
1981 are stiff competition In the intema-
tional marketplace and worldwide eco-
nomic conditions.

How does burning coal
affect the environment?

Coal is a chemically 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 sulfur dioxide,
which can be a major source of air
pollution if emitted in large enough
quantities.

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

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

The second, a post-combustion method,
uses flue gas desulfurkzation 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 slurry made up of water
and an alkaline agent — usually lime or
limestone. The sulfur dioxide reacts
chemically, forming calcium sulfate or
cakclum sulfite. This is removed and
disposed of as a wet sludge. There are
currently 134 scrubbers operated by the
electric utllity Industry in the United
States.

The final method for reducing or eimi
nating pollution from coal combustion is
the use of electrostatic precipitators or
baghouses which are used to remove fly
ash. In electrostatic precipitators the
particulate matter Is given an electrical
charge. The charge attracts it to a
collector plate, where the particies are
collected, preventing thelr discharge into
the atmosphere. In a baghouse, the
particulate matter is filtered out = &
passes through a series of fiters, similar
te & houschold vacuum cleaner,

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
leamed about the refationship between
fossil fuels {coal, ofl, natural gas) and
the environment. It is belleved that
combustion has partiafly contributed to
the increase in atmospheric carbon
dloxide levels. Increased atmospheric
carbon dioxide levels may resuit in
warmer climates due to the “greenhouse
effect.” The increase 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 seriousness of
adid rain are not clear or well understood.
What Is clear Is that further study of the
phenomenon is necessary,

There i3 an interesting riddle to the acid
rain phenomenaon, and that is that acid rain
damage has occurred during periods when
sulfur digxdde dischamies have declined or
remalned stable {sulfur dioxkle is consi
dered to be the principal cause of acid
rain).

Notes:
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Oil
-

What is oll?

Ol is naturally occurring and is often
referved to as petroleum. Crude oit or
crude is unrefined ofl or petroleum.

Oil is a miture of hydrogen and carbon
compounds referred to as hydrocarbons.
Thousans of different hydrocarbons
make up crude ofl. The simplest or
basic hydracarbon unit {molecule} is
methane or natural gas (CH.). Hydrocar-
bons occur as liquids. gases or as
solids like gitsonite. The longer hydro-
carbon chains are more likely to be
Hquids.

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 slit. Over
time, the pressure and heat transformed
the biotlc materal into petroleum.

As the biotic material changed from a
solid to a gas or a liquid, it began to
migrate, being propelled by water or
capillary action through the porous
marine sediments. in some instances,
the petroleum migrated to the earth's
surface, Petroleumn migrates upward
untll It Is trapped by a non-porous rock
structure calied a cap. This specific
geologic formatlon is referred to as a
“trap.” It 1s these subtemmanean traps
that are sought by the oil industry.
Petroleum,then,is associated with por-
ous sedimentary rock layers and fossik
zed marine life.

How Is crude oll refined?

At a refinery. crude ofl is distilied or
separated into its components or frac-
tions. Distillation involves boiling the
petroleum, drawing off the vapors, and
then condensing the vapors. The differ
ent hydrocarbon compounds that make
up petroleurn 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 petroleum.

How is oll located 7

One of the most accurate exploration
methods is seismic technolegy. In seis-
mic technology, sound waves, created
by explosives detonated elther 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 seismographs.
Seismographs are similar to instnr
ments used to measure earthquakes.
The reflected sound waves are recelved
by geophones, which transmit the
sound waves to a seismograph 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.

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

Oceasionally, oil companles drit for ofl
in areas where ofl or natural gas has not
been discoverad. Wells drilled in this
fashion are known as “wildcat” weits.

What processes are
involved in ofl drilling?

Before exploration can begin, encrgy
companies need to obtain permits and
driliing rights from landowners. Leases
might be purchased, or a development
agreement reached, with the fandowner
often receiving royalties if oil is
discovered.

Before drilling equipment can be
brought on ske, preparatory work is
required. such as read building, land
ciearing or housing development for
workers.

In 1859, Edwin Drake, a retired raliroad
mglneer, tried to dril for ofl. He used a
rig that punched or pounded a hole
694 fect deep. The pounding pulverized
the rock and soll, which was removed by
flushing the hole with water. Today's
primary form of dilling is 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. Drilling usually runs
24 hours per day until the well is
completed. The average well today runs
a mile deep. On the Overthrust Bek
(Utah and Wyoming), it is common tc
find wells drilied between 8,000 and
15,000 feet deep because of the folded
and faulted rock layers.

An important part of the drilling process
Is the “mud,” a mixture of water, day,
and chemical additives which is pumped
Into the well during drilling. This con-
stantly drculating liquid cools the drill
bit and carries debris out of the weil. It
also prevents the drilled area from
collapsing around the drll pipe and
serves o control the natural pressures
within the well.

Most onshore rigs are portable and
include 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
seif-contained with its own set of equip-
ment. Workers and suppliers are ferried
by boat or helicopter to the rig.

Gushers — what
caused them?

After petroteurn Is discovered. the under-
ground pressure forces it to the surface.
The days of the “gushers,” when ol
would explode to the surface, are gone.
Each well contains blowout preventers
which automatically shut off the flow of
gas or oil should well pressure change,
preventing gushers, protecting the envi
ronment. and preserving the precious
fuel.

transported to market?

Threefourths of the domestic crude ofl
and a third of the refined products in the
(.S, are transported by plpeiine. Over
1.2 mifion miles of plpeline connect
production sites with refineries and the
petroleurn market.

Crude from the Overthrust Belt (Utah

and Wyoming) is transported by pipeline
to refineries serving the Midwest and
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OIL AND GAS FIELDS
IN THE UNITED STATES

Westem markets. Other major pipelines
run between Texas and the Northeast-
em U.8.

Probably the most famous pipeline is
the trans Alaska pipeline, which carrles
cnede from the north slope of Alaska, to
Valdez n Southem Alaska. The trans
Alaska pipeline transports 1,9 million
bamels 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
mitlion barrels of crude.

Cn a regional basis, semitank trucks

and raiiroad cars haul petroleum pro-

ducts to consumers or industries that
develop and manufacture petroleum:

related products.

Where do we obtain oil?

il discoveries in the (LS. since the oll
embargo in 1973 are numerous. They
incude the Overthrust Belt of Utah and
Wyoming. the Louisiana Trench and its
subsequent development Into the Gulf
of Mexlco; and flelds off the Texas and
Califamia coasts, as well as new flelds In
Arctic Alaska.

Ofl or natural gas is produced in 33 of the
50 states, with Texas still the leader in
production. Other top producing states
include Alaska, Louisiana, and Californta.

FROM THE AMERICAN GAS ASSOCIATION

The largest producers of crude oll and nat-
ural gas Fiquids in 1987 were the 0.5.5.R,,
the United States, and Saudi Arabia.

How is ofl used?

Of has become an integral part of our
society. Much of our high standard of
living tan 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 lubricant and kerosene the major
fluminant. Coal, eventually to be dis-
placed by petroleum, was the major
energy source for heating.

[n the 19003, America became the land
of the horseless carriage. The advent of
the internal combustion engine to propel
the automobile provided a use for what
had been a waste product at the
refinery —gasoline. Gascline quickly
became an important product of petro-
feun as automakers adapted engines to
utilize this practical fuel.

Today, about 6,000 products are pro-
duced, wholly or In part, from petro-
leum. Among the products derived from
petroleurn are gasoline, aviation gaso-
Bne, jet fuels (highly-refined kerosene),
kerosene {now used mostly for cooking,
space heaters and famm equipment},
diesel fuels (for heavy equipment), fuel
ofls (for residential and commercial
heating. manufacturing processes, and
industrial stearn and electrical genera-

tion), petroleum coke {amost pure”
carbon which bums with little or no
ash), and liquefied petroleum gas (prim-
arly propanes and butanes obtained
from refined natural gas). Other pro-
ducts [nclude ubricating oils, greases,
waxes, asphalt, nylon stockings, plas-
tics, fertflizers, shoe polish, washing
powders, medicines, photographic flim,
pesticides, insecticides, and waxed
paper,

What environmental
safeguards exist?

The oil industry is regulated by major
federal laws including the Federal Water
Pollution Control Act, the Clean Air Act,
the National Environmental Policy Act,
and the Federal Land Management and
Policy Act, These laws govem the
amount of ernissions that can enter the
atmosphere from refineries, the amount
of pollutants that can be discharged Into
waters, roadbuilding, and land restora-
tion after driBing.

Energy companies have been very dili
gent in making certain they leave a
quality erwvironment. But accidents do
occur. The 1963 Santa Barbara off spill,
the 1981 Mexico oil spill in the Gulf of
Mexico, and the 1989 ofl spill near
Veidez, Alaska provide exampies of the
darmnage that can occur to the
environment.

Less obvious environmental damage
resuits from buming petroleum and
natural gas.

Automobiles, the primary petroleum
consumer in the country, emit carbon
monoxide, carbon dioxide, sulfur and
nitrogen oxides into the atmosphere
from the combustion of petroleum.
[ndustry and homes also emit sulfur
when fuel ofls are combusted.

Notos:
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Natural Gas

Introduction

Of the energy sources available, Amer-
cans rely on natural gas to supply about
26 percent of their energy needs. This
ranks natural gas second in use only to
of which supplles about 43 percent of
Amerkca’s energy needs. Natural gas
provides about 42 percent of our Indus-
trial needs. Nearly six out of every 10
homes I heated with natural gas and [n
most cases, {s used for cooking, drying
clothes, and heating water. Businesses
and Industries use natural gas in many
ways, from cooking in restaurants to
fueling high temperature blast furaces
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 percent methane, with small
amounts of ethane, propang, butane,
carbon dioxide and nitrogen.

What are the origins
of natural gas?

Conventionally, it has been accapted
that natural gas Iz a by-product of the
breakdown of marine organisms and/or
terrestrial plant debrls which accumu-
lated in vast deposits on the bottoms of
ancient 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 organic
deposits Increased. As pressure and
heat from the buildup of sediments
increased, chemical changes in the
organic deposits took place and a
complex, tartike substance calied kero-
gen was formed. As temperatures con-
tinued to increase and the kercgen
continued "cooking,” more complex

compounds of carbon and hydrogen
known as oll were formed. Natural gas
Is generated at the same time as is ofl;
however, peak generation occurs when
oil begins to break down because of
high geothermal temperatures. ¢.g.
greater than 205°C {400°F). This range
of petroleurn {oit and natural gas)
generation Is called the petroleum
window.

As naturai 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 eanth's surface
where they escape Into the atmoesphere,
or they are trapped when their migration
path Is blocked. In the latier case,
impermeable rock layers prevent the
rmolecules from migrating farther and a
natural gas accumulation occurs.

NATURAL GAS FORMATION
AND ACCUMULATION

Q EARTH' S SURFACE

IMPERMEABLE
SECONDARY  |LAYER g

SOURCE ROCK

MIGRATION

In contrast to the biological explanation
of the origin of natural gas, the “deep
gas theory” speculates that naturat gas
Is derlved from non-biological materals
that formed the eath bilions of years
age. The brainchild behind the deep gas
theory is an American named Thomas
Gold of Comell University. In 1979,
Gold pubfished the first papers to
contend that, “on carth, &s on other
planets, most hydrocarbons were
formed from non-biological sources.”
The theory proposes that the earth is
made up of primordial materiais that
combined together in space billlons of
years ago when the basic structure of
the earth evolved. The materials are
belicved to still be buried far below the

earth’s crust, where they have been
trapped for 4.5 bllllon 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 believed
that the supply of hydrocarbons pro-
duced from the primordial materiat were
instrumental in the creation of the
earth's atmosphere.

The deep gas theory further proposes
that oil molecules are capable of suviv-
ing greater termperatures 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 ofl and gas found at
two-to-three-mile depths and further
theorizes that a much greater supply of
oil 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 formed, and
from: information supplied by the space
program, For example, when it was
leamed that many planets contained
hydrocarbons in their atmosphere, with
little lkelihood of ever supporting plant
or animal life, the deep 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 easily in
small quantities near the surface of the
carth. But as the readily avatlable supp-
fies became scarce, man was forced to
search deeper into the carth. By analyz-
ing what was already known about the
location and geological formations in
which deposits were found, it was
determined that natural gas would most
likely be found in areas containing
source rock, “porous” reservolr rock
and favorable trapping mechanisms
such as “migration blocks." Based on
this knowledge, new methody evolved

" that would help locate other areas most

Tikely to contain accumulations, At first,
fairly simple surface methods including

geofogic mapping, surveys and aerial
photographs where used. But over time
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more sophisticated methods were devel
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 k; (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 klentily
base rock tapography; and (4} seismic
sound wave reflection, which measures
the time to varous 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 patential is
identifled, a dnill site is selected. A drill
fig Is contracted to bore through the
layers of rock to the desired jevel, or
"target horzon.” The rig uses an engine
to tum a table, which tums a pipe that
has a drill bit attached on the end. With
each rotation of the table, the bit at the
end of the pipe digs deeper into the
ground. During the process, which gen-
erally tzkes a few weeks, drilling mud
{bentenite clay with barite added for
weight) is circulated through the drill
pipe and well bore. The mud cools and
lubricates the bit, It also cleans the hole
of cuttings and Jeaves 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, Should a reservoir of natural gas,
oil 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 te close off the
welt depending upon just how deep the
high pressure zone was encountered.
The drilling mud is then welghted and
circulated through the drik pipe and well
bore until the natural gas, oil or water-
cut mud is removed and the pressure
zone is under control. If the target
horizon contains commercial quantities
of hydrocarbons {cll and/or natural gas),
the well is complated 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” {weDs in unproved
areas) result in a significant discovery.

How is natural gas
processed and distributed?

Once natiral gas has been found, it is
necessary to process [t and distribute it
to users. Hundreds of years ago the
Chinese used bamboo to pipe natural
gas directly fromn their wells to their
cooking pots. And in the early 18203
William Hart, the first person to develop
a practical use for natural gas in
America, used hollow logs to bring
natural gas from shallow wells to street
lamps and small nearby businesses. But
as Hart and others contnued 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 and cast
iron pipes. Today, natural gas reprocess-
ing piants are used to tum hundreds of
thousands of cubic feet of unrefined
wellhead natural gas into commercial,
high quallty 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 varety of
different uses,

Asg natural gas leaves the processing
plant It enters a2 compressor statlon
where it is pressurized for transmission,
As the pressure 1s Increased, the
volume of natural gas is reduced and
more natural gas can be fifled into the
same unkt space, and the pressure
needed to move natural gas through the
pipelines is achieved, As natural gas
Nows through the pipeline, some pres-
sure I3 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-stations located about every 80-to-
100 miles along the transmission plpe-
Enes. Along the pipelines are valves
used to control pressure and cut off fow
In an emergency such as a break in the
ine or a fire.

Durng the summer months when peak
demands are much lower, natural gas
can be stored in empty wells, under
ground cavemns, and in liguified form in
storage tanks,

How safe is natural gas?

There are a number of properties of
natural gas which make this energy
form extremely safe. First, unifke other
hydrocarbon fuels, natural gas is lighter
than air. This permits [t to dissipate Into
the air if a leak occurs. Other hydrocar
bons like propane, ethane and butane
are heavier than air and will “puddie” ¥
keaks accur.

Secondly, natural gas has a higher
combusidon temperature than other
fuels. Natural gas ignites at 649°C
(1.200°F) compared 1o as low as 371°C
(700°F) for some other fuels,

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

Although natural gas is safe when
properly used, it exhibits certain charac-
teristics that make it potentially danger
ous. First, if natural gas and the mixture
of oxygen are not properly balanced
when fit, incomplete combustion will
occur and casbon manoxide will be
produced. Second, if a leak occurs and
supplants all the available oxygen.
asphyxiation may occur,

" Because of the potential hazards, it Is

important that the user khow 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
should also be taken include the
following:

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

2. Keep flammable materfals {paints,
solvents, doth, paper) away from
appliances.

3. Provide proper ventilation in areas
around fumaces, water heaters, dry-
€rs, ranges, etc. Many new applian-
ces use an electronic ignition instead
of a pllot light.

4. Perform or have performed routine
maintenance on appliances to keep
them clean and in proper working
order.

5. If the flame goes out, tum the gas
off, ventilate the area and notify the
natural gas company.

46




Energy Smarts Team Training Manual

6. Teach children how to use appliances

safely and to recognize the smell of
natural gas.

. When lighting a flame, always strike

the match first, then tum on the
natural gas.

Keep fire extinguishers in the vicinity
of appliances 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
oulside the home, A spark from an
dectric switch or telephone could
ignite the natural gas.)

3. Avoid flames and don’t tum on or off

electrical equipment or appllances.
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 vaive in
either direction will shut the natural
gas off; the raised part of the valve
will then he crosswise to the pipe.

Notes:

5. H there is only a faint odor, it

probably means a pilot light is out
on an appllance. Check the pliot
lights on all appliances. To relight
the pliot light, follow the Instructions
in the owner's manual, If you stil
can’t find the source or are unsure of
how to relight the pilot light, call the
local natural gas company.
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Nuclear Energy

What is nuclear energy?

Nuciear enerqy is derived from atoms.
Atoms are particles 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 nucleus.
MNudclear energy [s the energy inside the
nucleus of the atom which binds the
nucleus together. A change in the
nuclear composition of the atom results
in a release of energy.

ONE MODEL OF AN
ATOM STRUCTURE

How is nuclear energy
released from an atom?

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

In the second process of releasing
energy from the atomn, the nuclei of
atoms are joined through “fusion.”
resulting in the creation of a third
element, afree neutron, and nucleus,
Heat is pmoduced when the free neutron
collides with other atoms. The sun and
stars get thekr energy from the fusion of

hydrogen to produce helflum. Sdentists
have been attempting to imitate this
process for marry years, but it requires
extremely high temperatures. Although
sdentists have been unable to develop a
contalner capable of holding such
extremely hot material, one of the more
promising efforts involves containing the
materfal within a magnetic field, while it
is being heated to the required tempera
tre. The Uniked States anticipates the
eventual construction of fusion power
plants,
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What is a chain reaction? How is fission

When an atormn undergoes fission, heat,
neatrons and two lighter atoms are
produced. The relcased neutrons are
absorbed by new atoms causing them
to fAission, releasing more heat and more
neutrons. Repeating this process over
and over Is a chaln reaction.

Why do we use uranium?

Uranum, which is naturally radicactive,
occurs in nature as elther uranium-235
or uranium-238. (The number refers to
the element’s atomic mass or the
number of protons plus neutrons In the
nucleus.) Less than 1% of naturally
occurring uraniurm ls uranium-235, with
more than 99% being uranium-238. It |s
uranium-235 which fissions, releasing
energy. Uranium-238, on the other

hand, absorbs bombarding neutrons
and is transformed into Plutonlum-239,
which fissions when struck by neutrons,
releasing energy. Thus, the ability of
uranium to fission or to be transformed
into a fissionable element is why ura
nium s used in muclear reactors.

accomplished in a
nuclear reactor?

Nuclear reactors are composed of three
principal parts: reactor vessel, core
and ocontrol rods. The reactor vessd, a
tank:like container weighing more than
500 tons with steel walls, six to nine
inches thick, Is located at the base of
the reactor buliding. The core, located at
the bottom of the reactor vessel, holds
the fuel assemnblies, Control rods are
inserted into the core to regulate the
rate of Assion. The control rods are able
to do this because of thelr cadmlum or
boron composition (materials that
absorb neutrons). The absorption of
neutrons controls the rate of fission. To
slow the reaction, the control rods are
inserted farther Into the core. This
decreases the number of neutrons that
colide with uranium atomns, thus slow-
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ing the reaction. The actual operation of
the core involves the consumption of
uranlum235, the subsequent creation
of fisaion by-products and the produc
tion of plutontum. Energy released by
fission is transferred to water, turing 1t
to steamn. Frorn this point on, nuciear
power plants operate just like fossik
fueled power plants.

REACTOR VESSEL

What is spent fuel?

When the fual assembiles can no longer
efficiently sustain a flssion reaction
(spproximately three years), they are
removed from the core. The “spent fuel”
as it [s called, contains unused nudear
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 cool the fuel and absorb
radiation.

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

Several methods are being developed to
isolate and safely store radloactive
nuclear waste. One method proposed
inciudes reprocessing the spent fuel.
The used fuel would be transported to
reprocessing plants where the still
unused nuclear fuel would be separated
from the radipactive materfal that needs
to be safely stored.

The low-level or high-level material can be
fused into a glass or ceramkc solid, which
is impervious to air and water, and buried
in deep, stable, underground geologic for-
mations. These storage areas would be
constantly monltoned.

In the future, radicactive wastes will be
stored in federal repositories,

What Is radiation?

Radiation is a naturally occuning
phenomenon which is the result 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 radlation.
Theee forms of radiation are: alpha
particles, which can be stopped by a
single sheet of papen beta particies,
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 particle or ray
travels. Thus, gamma reys are more
radioactive than alpha particles as they
travel at a greater speed.

What safety precautions
are taken at nuclear
power plants?

The Nuclear Regulatory Commission
(NRC) is responsible for the regulation
of nudear power plants In the (I.S. The
NRC goes to great lengths to prevent
nuciear 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 safety
systerns 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 contalnment building, a large
dome-shaped thick-walled steel and con-
crete building which can prevent the
escape of radiation should a problem
develop; and an automatic procedure
which inserts the control rods into the
core to stop the chain reaction.

Because of the dilute quantities of
uvranfum-235 used in commercial
nuclear reactors, nuciear explosions are
impossible. It requires at least 90%
uranfum-235 or plutonium-2339 to pro-
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
kghts and heats our homes, offices and
factorles. It powers the machines of
industry and transportation. The clo-
thing we wear, the food we eat, the
buildings in which we live and work, and
even the systems we use to
communicate——all depend on energy.

For generations, our society has been
enjoying the benefits of plentiful, Inex-
pensive, and easily avaflable energy—
fossit fuels, But thege fuels, such as
coal, off and naturaf gas, are finite. As
supplies have become scarce and
sxpensive to extract, the search has
Intensified for alternative energy
sources—sources of energy other than
fossil fuels.

How Is the sun
an energy source?

The most obwious and virtually imitless
enengy source is the natural fusion
reactor which the earth revolves around
in space —the sun. In terms of human-
kind's residence on earth, the sun is an
object that will last forever, continuously
radiating energy that makes life on our
planet possibie. Although the earth
intercepts only a smaf fraction of the
total energy emitted by the sun, the
amount recelved is thousands of times
the present encrgy requirement of the
world’s human population.

The surface of the sun, which radiates
energy In the form of heat and Eght, is
called the photosphere. The sun's inte-
rlor is composed of dense gases (70%
hydrogen and 28% heflum} and high
ternperatures (27 million degrees Fah-
renheit/15 milkicn degrees Celsks). The
heat and light enargy is produced
through a thermonuclear reaction
(fusion) in which hydrogen atoms are
fused together to fosm hellum,

Of the sun’s energy that reaches the
earth’s aamosphere, 30 percent is
reflected back into outer space, 47
percent is absorbed by the earth’s
surface and converted into heat energy,

23 percent drives the hydrological
(water) cycle, less than one percent
creates winds and ocean cuments, and
only 0.03 percent is 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. oil, natural gas). Thus,
the sun is the primary source of all
energy on carth.

The sun’s position in the sky has a
major effect on the solar energy recelved
by the earth. In order to collect and use
solar energy efficlently, one must be
knowledgeable of the sun's maovements,
both daily and seasonally.

What is solar radiation?

Scolar radiation is & form of electromag:
netic radiation, just as xrays, light
waves, microwaves, television waves and
radio waves. However, solar radiation
differs from heat flow radiation, This
difference is important to solar energy
technologles.

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

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

How is the sun's
energy harnessed?

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

called photosynthesis, uses solar
energy to unkte carbon dioxide, water,
and nutrlents from the sofl to create
carbohydrates {chemical potentlal
energy) and oxygen. The coal, oil and
natural gas we use today probably
resulted from photosynthests that took
place ¢ons 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, carried off by air or water
{convection) or conducted to surmound
ing objects.

Photothermal technologies include: pas-
sive and active solar energy systems,
power towers and Cicean Thermal
Energy Converslon {OTEC) systems,

The photoelectrical process converts
fight energy into electrical energy. [t
involves the use of photons (light
energy) to excite the outer (valence)
electrons of atoms, causing the eles
trons to move, producing an eectrical
current. Photoelectric technologies
include photowoltaics.

What is wood energy?

Chemical potential energy is produced
by plants through photosynthesis and is
stored as biomass. The chemical poten-
tial energy of biomass is released when
the plants decay or are bumed.

Wood is one of the most abundant and
useful forms of biomass on this planet.
Trees are a renewable resource which
today cover over 30 percent of the
earth’s land surface, [F 100 million acres
of this could be used to produce wood
fuel, the United States could reduce its
oft eonsumption hy 15 percent, an
equivalent of 800 million bamels of oll.
Even though trees take 50 to 100 years
to reach maturity, we can use this
valuabie resource forever if we grow and
harvest trees with care and planning. In
our grandparents’ day. wood played a
major role as & fuel resource, account-
ing for 90 percent of the United States’
enengy supply. In terms of fuel use
today, wood accounts for less than Rve
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percent of the United States’ energy
consumption.

The most ambitious plan for the use of
wood fuel is the “energy plantation.”
These are large tracts of land devoted to
the production of trees for use In nearby
dlectrical generating plants. It s esth
mated that a 1,000 megawatt plant
would require between 200 and 600
square miles of woodland in onder to
have a sufficlent supply of wood fuel,

Howaever, there are problems with farge-
scale use of wood. {Inless the harvest-
ing of trees i3 done carefully and
properly, the sofl can become serously
depleted of nutrients and eroded. Also,
there are simply too many of us and we
want far more enengy than our parents
or grandparents did; so wood cannot
fully satisfy our energy needs. There are
also sk poflution problems with buming
wood I heavily populated areas.

What are biofuels?

Blofuels 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 biclogical origin. but are non-
rencwable. Biomass. in the process of
being eaten, bumed or decayed,
transfers its energy to the rest of the
Bving world. There are many proposals
for biomass energy plantations. One
idea calls for the growing of sea kelp in
offshore waters of California and Peru to
produce 1.8 billion tons of dry marine
aigae 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 conr
bined with gasoline makes gasohol.
Gasohol {8 a mixture of 10 percent
ethanol and 90 percent gasofine. Gaso-
hol is one way of stretching fossl fuel
supplies. .

The advantages of biofuels over other
fuel sources are; domestic production
would have a favorable economic
Impact, a favorable Impact on the
emironment (blomiass Is low In pollut-
Ing sulfur), and the energy produced Is
renewable. There are, however, problems
with the energy plantation concept; large
land areas would 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
transmission grids.

How is refuse an
energy source?

QOne type of blomass that has potential
as an energy source Is organic waste or
refuse (garbage). Although still const
dered a problem 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
Hals in carefully constructed ples to
produce a soil conditioner and fertilizer)
or anaerchic digestion {(decaying organic
material in alrtight contalners to produce
methane, liquid fertlizer, or distiiled to
produce ethanol). However, we musgt
remember that it takes energy to pro-
duce the ltems that become our refuse.
Conservation — using less paper, plas-
tics, fabrics, aluminum, etc, — saves
more energy than conversion 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 losing its
heat to space. Wind Is the reaction of
the atmosphere to the heating and
cooling cycles, as well as the rotation of
the earth. Heat causes low pressure
areas, and the cool of the night results
in high pressure areas. This process
crestes wind when air flows from high
pressure areas into low pressure areas.

Wind energy has been used for
hundreds of years. The windmils of
Europe and Asia converted the kinatic
energy of the wind into mechanical
energy, tuming wheels to grind grain.
Today wind-driven generators are used
to convert the kinetic energy of wind
into electrical energy. Wind-driven sys-
tems consist of a tower to support the
wind generator, devices regulating gener

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

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

electricity produced in the United States.

Fams In rural areas across the nation
already find wind generators a viable
energy supplement. However, the cost
of a wind system that provides energy at
our present rate of consumption is
expensive for a single famity. The most
ambitious proposals to hamess wind
power imolve the construction of wind
“farms™ where hundreds of wind tur-
bines will produce electricity.

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

What is hydropower?

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

The potential energy of water located at
devations above sea ievel 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 converted to electricity with
an efficiency of 75-85 percent. As a
result, large and small rivers around the
world with the appropriate topography
have been dammed and waterwheels
and water turbines Installed to capture
the kinetic energy of the faling or
flowing water.

Hydroelectric instaliations require the
construction of dams to Increase the
rellabifity of the energy avallable from a
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stream. The dam also regulates the Row
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 reservolr flows through
the dam in pipes called panstocks to
the powerhouse. In the powerhouse the
water pressure is applied to a turbine
which spins a generator to produce
electricity. After the water has moved
through the turbine, it 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 ireversible
impact on the long-term ecological
balance of that river or stream. Dams
als¢ encourage an accumulation of silt
and can be a hazard in earthquake
2ones, However, dams create a better
ervironment for some animals and
plants, provide new recreational arcas,
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 carth,
moon, and sun--and the kinetic energy
of the earth's rotation create tides and
the kinetic energy assoclated with their
rising and falling. The key to the
usefulness of tidal energy is the height
difference betwaen high and low tide.

In order to obtain energy from tides a
dam must be constnicted across a
coastal inlet. The dam ailows water to
flow Inwards at high tide, trapping the
water. At low tde the water Is allowed to
flow back through the dam In a pen-
stock. The flowing water tums a turbine
and generator, producing electricity.
There are only a few locations in the
{United States that would be suitabie for
tidal energy development. In addition to
the environmental concens, there are
technical and economic problems that
will have to be worked out before tidal
energy is feasible

How are ocoan waves
an energy source?

The kinetic energy of waves is derived
from the interactions of winds and
ocean cumrents. Methods for hamessing
the kinetic energy of waves are new and
untested Several different devices have
been successful on a small-scalk opera-
tion, All of them operated by using the
natural up-and-down motion of waves,
For example, 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 inside it, air 15 forcad in and out
by air pressure. The stream of air drives
an akr 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 radicactive decay,
chernical reactions, friction from the
mavement of crustal plates, and heat
present from: the earth’s formation.

There are three basic forms of geother:
mal energy: hydrothermal, geopressur-
ized, and hot dry rock. Hydrotherimal
systems are composed of hot water and
steam trapped in porous or fractured
rock near the earth’s surface, Geopres-
surized reservoirs contain a mixture of
hot water and methane gas trapped in
sedimentary rock far beneath the ecarth’s
surface. Hot dry rock formations contain
abnormally hot rock and Httle water,

Most of the recoverable United States
geothermal reserves are located within
the Western states: Alaska, California.
tdaho, Montana, Nevada, New Mexico,
Oregon, Utah, and Washingtemn.

All geothermal ¢nergy sources can be
used In industrial processes and space
heating, but only hydrothermal resour
ces can be used In electrical generation.
Hydrothermal resources use steamn
directly to tum a turbine and generator
to produce electricity, In the process,
steam is converted to waterin a
condenser and retumed to the earth.

Direct application of geothermal energy
to heat buildings can be found in
Reykjavik, celand; Klamath Falls,
Cregon; and Boise, Idaho, Electricity is
produced by geothermal energy in only
two locations in the {nited States:
Pacific Gas and Electric Company’s fiekd
at the Geysers in Califomia, and Utah
Power and Light Company’s field near
Milford, Utah.

Environmental and maintenance prob-
lems arise when the hot geothermal
water, saturated with soluble minerals,
cools and deposks the minerals in plpes
and equipment, Gecthermal energy,
because of its localzation, cannot
satisfy the United States' overall energy
needs.

Notes:
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.
Electricity

Introduction

Electriclty is a secondary energy source,
that I, it is generated from the conver
sion of a pimary energy source — solar,
oll, coal, natural gas, or nuclear. Electric-
ity is unique, as it is energy in transh,
kinetic energy. obtained when electric
charges are set in motion by an
electromotive force.

But to most people, dectricity Is the
cause of lightning, or the form of energy
that powers their television set and
lights their home. They have a imited
understanding of the scientific principles
and technologies required to generate,
transmit, use, and manage electricity.

What is the atomic
structure of matter?

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

A CARBCN ATOM

According to Bohr's theory, an atom
consists of m positively charged nucleus,
surrounded by negatively charged parti
cles, called electrons, The nucleus of an
atorn consists of two fundamental parth
cles: protons and neutrons, The proton
carries 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 ordinarlly are electrically
neutral, the number of positive charges
equals the number of negative charges
— that iy, the number of protons in the
nucleus Is equal to the aumber of
electrons surrounding the nucleus.

What are ions
and lonfization?

An lon Is an atom that has become
dlectrically unbalanced by the loss or
gain of one or more electrons, When an
astom loses an electron, its remalning
electrons no longer balance the positive
charge of the nucleus, and the atomn
acquires a posktive charge. This atom is
called a catlon. Simllarly, when an atom
gains an electron, It acquires a negative
charge and is cafled an anion. The
process of producing ions is caled
ionkzation.

lonization does not alter the chemical

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

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

What are free electrons,
conductors and insulators?

Electrons that have been “lnocked” out
of the outer shelf of an atom are kmown
as “free” electrons, These free electrons
can exist by themselves outside of the
atom, and |t |s these electrans which are
responsible for most electrical pheno-
mena. The movement of Iree electrons
constitutes an electric cumrent.

All substances normally contain free
eiectrons that are capable of moving
from atom to atom. Metallc materials,
such as siiver, copper, or aluminum,
contain numerous [ree electrons capable
of canylng an ¢lectric current and are
called conductors. Non-metallic mate
rials, which contaln few free electrons,
are called insulators. Materlals that have
an intermediate number of free slectrons
available are classed as semiconductors,
The more free electrons a materiaf
contalns, the better it will conduct
clectricity.

CARBON IONS

POSITIVE ION
(CATION)
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What is electric current?

The free electrons in a conductor are
ordinarily in a state of chactk motion.
However, when an electromotive force
{or voltage) is apptied, such as that
provided by a battery or electric power
plant generator, the free electrons In the
conductor are guided In ar orderly
fashion, atom to atom. This orderly
motion of free electrons under the
influence of an electromotive force s
called an electric current. Athough
electrons drift through the wire at a
relatively slow speed, the disturbance or
impulse Is transmitted almoast at the
speed of light. The electron current
continues to flow through the conductor
as long as the electromotive force is
applied. The conductor itsel{ 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 current carriers.

Electric current is the transport of
electric charge {ectrons), 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 107? electrons per
second.

Voitage on the other hand Is a measure
of potential difference, the electromotive
force necessary to move eiectrons
through conductors. The amount of
electric current moved through a con
ductor by the voltage is influenced by
the canductor's resistance.

Electric power, the rate at which work is
performed by moving electrons (electric
current), is measured in watts and Is
determined by multiplying the curvent by
the voltage:

1 watt =1 amp x 1 wit

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

What is resistance?

The oppostition to the flow of free
electrons in a material is called resist-
ance. The resistance of material dissi
pates energy In the form of heat,
because of friction between the free
electrons and atoms of the material. As
the material is heated, more cofisions
occur and the resistance to the flow of
electric cument increases.

The resistance of electrical conductors
depends on thelr dimension and on their
composltion. As the cross-sectional area
increases, the resistance decreases; but
as the length Increases, the resistance
rises. A long, thin conductor, therefore,
has more resistance than a short, thick
one with the same volume of material.
Sitver 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
in each, because each has a different
resistance. So not only does the voltage
determine how much curent flows
through an electrical appllance but also
the resistance of the applance. The
relationshlp between resistance (R}, vok
tage {V), and current (I} then, can be
expressed by the mathematical formula:
i = V/R. The unit of measure for
resistance [s the Ohm, 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 certain materials are rubbed
together, free electrons are transferred
by friction from one to the other, and
both materials become electrically
charged. These charges are not In
mation but reside statically on each
materdal, and hence this type of electric-
ity is known as statlc electricity, 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
electricity. 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 will 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, inaking cne
metal pasitive and leaving the other
negative. By heeping 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 sffect
Is small. Their chief use is for measuring
temperatures and currents in electrical
appliances and fumares.

What is electrochemistry?

In 1795, the Italian physicist Alessandro
Volta made the First electrical cell by
placing two dissimilar metal electrodes
in a conducting chemical sclution. called
an electrolyte. An electromotive force is
produced in such a ¢eil by the separa-
tion of charge, brought about by the
chemical reactivn between the elec

DRY CELL
ONE PECE
METAL COVER( +)
CARBON
ELECTRODE
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DIOXDE ¥

1

BOTTOM, TN PLATED e cany

STEEL{ —1}

54




Energy Smarts Team Training Manual

trodes and the electrolyte. This arrange
ment is known as a voltaic cell after its
Inventor. The electromotive force gener
ated by a voltaic cell depends on the
tendency of the electrodes’ atoms to
lose electrons and thus form poshive
lons.

The voltaic cell most widely used as a
convenlent source of “portable” electric
ity is the “dry cell,” or commeon flash-
light battery, A typical dry cell consists
of a zinc metal 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 conslsting of ammonium chlosride
mixed with manganese dioxide. The
manganese dioxkle absorbs hydrogen
produced from the chemnical reaction. [n
operation, the metalfic zinc defivers
positive zinc ions to the electrofyte,
causing a difference in charge between
the zinc and carbon electrodes. If the
zinc 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
cumrent produced by a battery flows ondy
In one direction, It Is called direct
current {DC).

Secondary cells, also called lead storage
batteres, deliver current by chemical
reaction ke voltalc celis. However, the
chemical reaction in a 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 is pass an electric curent through
it In a dlrection opposlte to that of its
nomnal use or discharge. The lead
storage batteries In suvtomobiles are
secondary cells,

LEAD STORAGE BATTERY

TERMINALS

ELECTROLYTE OF
SULFURIC ACID

What are magnetism
and electricity?

Magnetism and electricity are not two
separate phenomens. In fact, whenever
an electric current flows, a magnetic
field is created, and whenever & magnet
moves, an electric current is produced.
The properties of magnetlsm and elec-
tricity are both bound up In the nature
of the physical structure and arange
ment of atoms and their electrons.
Materials that appear to be magnetic,
without any outside source of electricity,
depend on electron movemnent within
their atomic structure to provide the
electric current.

Electromagnetism Is the effect by which
electrcal currents produce magnetic
fields, The magnetic field around a
straight wire is weak. Stronger magnetic
flelds are obtained by coiling wire into a
spiraling loop, known as a solennid. The
effect of forming 2 solenoid Is to
Increase the intensity of the magnetic
fleld without having to Increase the
curtent. An iron-cored solencid has a
stronger magnetic fleld than that of an
air-cored solenold. This is because the
electrons In the iron align themselves
with the magnetic fleld produced by the
cumrent. lron-cored solenoids are called
electromagnets. Electromagnets ener

gize the fickds of motors and genarators,

and are part of telephones, loudspeak-
ers, buzzers, electric bells, telegraphs,
relays, electric meters and many other
devices.

To produce an electric current from a
magnet, the magnet must rotate inside
8 loop of wire or the wire loop must
rotate between two magnets. The
magnet creates an electromotive force,
which causes the electrons in the wire
to move, inducing an efectric cument.
The rotation of the magnet or wire loop
altemates between “pushing” and “pull
ing” the electrons, due to the magnet’s
polarity. The electtic current produced
thus alternates its direction of low, and
is therefore called altermating cument
(AC). Altemating current changes direc
tion 60 times & second in the United
States.

How do motors and
generators work?

Motors and generators are basically the
same in construction. although their
functions are opposite. Motors are sup-
plied with electrical energy to provide
mechanical energy; generators are sup-
plied with mechanical energy to produce
electrical energy.

The two most essentlal elements of
each of these machines are field and the
armature. The field is 2 magnetic field
which may be derived from permanent
magnets or electromagnets,

The armature is a conductor arranged to
pass through the fiekd's magnetic lines
of Aux at right angles. The armature
conductors may be wound onto a
cylinder that rotates in the field, or they
may be fixed to the inner walls of a
cylinder, within which the fleld windings
rotate. The armature Is generally wound
on a soft tron core to produce maxk
myum flux for a given current. The soft
fron is laminated (made up of thin
slices) to prevent the electsic current
from clrculating In the fron itself, and
thus generating heat. The static part of
the machine is called the stator and the
revolving part the rotor. Both the fieid
and the armature may be on either the
stator or the rotor.

The armature must be supphed with
electricat current if it is the rotor of a
motor. and there must be a way of
taking the electric current from it if it is
2 generator,

ELECTRIC MOTOR

STATOR

(ARMATURE) LDy
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" What is a transformer?

One of the most eassential electrical
devices s the transformer. It is used in
power statlons and at substations - in
the former to boost voltages for trans-
mission over power lines and In the
latter to reduce voltages to levels sulta
ble for industrial or domestic use,
Transformers contain two separate wire
colls wrapped around an iron core.
Electricity flows Into the transformer
through the first coll. As the electricity
flows through the first coll, it produces a
magnetic field in the iron core. The
magnetic fiekd then induces an electric
current in the second coil which flows
out of the transformer. Ofl is drculated
around the colls and iron core to
insulate and cool the transformer, If the
voltage is to be increased, the second
coll contains more tums of the wire than
the first coll. If the voltage Is to be
decreased, the second coll contains
fewer turns of the wire than the first coll.
Transformers are also used in many
dectrical appliances — such as radios,
televisions and battery chargers — wher-
ever voltage 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
fllament is mounted inside a glass bulb,
which Is fillad with an inert gas—elther
argon or nltrogen. The inert gas pre-
vents the rapid bumning of the flament.
The resistance causes the flament to be
heated to Incandescence, producing

ight.

Fluorescent light bulbs contain filament
clectrodes at each #nd of the tube. The
tube wall Is coated with phosphor (a
material that fluoresces under uktra-violet
radiation) and Is fllled with mercury
vapors. Electricity Rows 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 Lo fluoresce, producing Nght.

Fluorescent lights are more efficlent
than incandeacent lghts, A 40-watt
fuorescent light bulb will produce the
same amount of lumens (light) as 2
1350-watt incandescent light bulb.

How does a circuit work?

An electric clecult is the system by
which an electric curment Is directed,
controlled, switched on, or switched off.
Circuits can contaln from two or three
to many hundred different components,
according to the way in which the
current is to be contmlled,

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

If the electricity is able to flow com-
pletely through the clrcult, the circuft is
sald to be a “dosed-circuit.” If the
electricity Is unable to flow completely
through the circult, the circult 1s said to
be an “open-circuit.”

There are two basic circuits in which
electrickty flows — serles or paraliel
circuits. In a series circult all of the
electrical components are connected to
each other in a “serles,” thus, the
electric current has only one path to
foliow and fows through each compo-
nent, In parallel circults, the electrical
components are connected individually
to the main electrical circuit; thus, the
electric cuent has more than one path
to follow. Parallel circults allow for
individual control of each electrical com-
ponent. Buldings, most appllances,
motors, etc., are wired in paraliel
circults.

SERIES CIRCUIT

How is electricity
distributed in the home?

Electricity is brought to a house through
a three-wire cable and connected via an
electric meter, which indicates power
consumption te the household circuit
brealier or fuse box. The two “live wires”
are then brought from the fuse box to
power outlets (plug-ins), utility boxes
(lighting), and wall switches. Each of the
two live wires Is at a voltage of 120
volts relative to ground and 240 wolts
relative to each other. The third wire, or
neutral, is brought to a grounding bar in
the circult breaker box, or attached to a
metal cold water plpe, as well as to all
power outlets, utiity 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 appliance.

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

Fuses contaln a metal alloy strip that
melts when overloaded. Circuit breakers
are essentially heet- or current-activated
switches that open when overloaded,

At each power and lighting outlet no
current flows until a lamp or appRance 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 untl k Is
tumed on.

How Is alectricity
generated, transmitted
and distributed?

Heat produced by the combustion of
fossl fuels (coal, ol or natural gas) or
the fission of uranium Is used to convert
water to steam. The steam is then piped
to a turbine where & strikes the turbine
blades, causing the turbine shaft to
rotate. The rotating turbine shaft Is
connected to the generator's wire coil.
As the turbine shaft rotates, it causes
the generator's wire coll to spin. The
spinning wire coll is sumounded by
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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 volts. 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 less. Transmission loss is
due to the resistance of the transmis-
sion line 1o the flow of the electric
current. The resistance produces heat.
As the electric current increases, so
does resistance and thus transmission
loas. Since the same power can be
obtained by transmitting efectricity either
at high current and low voltage or high
voltage and low current, it is more
efficient to transmit electricity at high
volttage and low current, as less electric-
Ity is converted to heat through trans-
mission line resistance. However, at
high voltages the air surrounding the
transmission line becomes partially
fonized and some electricity is lost
through atmospheric discharge. The
distance the electriclty neads to be
transmitted determines how much the
voltage is increased; the voltage can be
stepped up as high as 765,000 volts. A
765,000-volt transmission line trans-
ports about as much electricity as five
345,000-volt transmission knes, due to
transmission loss of the lower voltage
system. From the power plant trans-
former, the electricity is transmitted
throughout the electric utillties’ service
area through high power transmission
Ines. The utility’s transmission lines are
also connected with other eectric utilk
thes' transmlsslon lines forming a power
pool. The transmission lines transport
the electricity to the electric utlfity’s local
substations. Substation transformers
decrease or step down the voltage to
between 5,000 and 35,000 voits
{12,000 voits Is the rmost common).
Wooden powerpole distribution lines
carry the electricity from the substation
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to consumers. However, before the
electricity Is used by the consumer, Its
voltage is stepped down by the power
pole transformer. The voltage is stepped
down to either 120 or 240 volts.

What Is energy
conservation?

Electricity, while one of the most conve-
nient forms of energy, is also one of the
most Inefcient. Steam turbine eflicien-
cies 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 oll bumed In power plants is
lost as waste heat and pollution. The
generating efficiency of an electricat
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,
cean and effective lighting.

Since much of our electricity must be
produced through the use of the earth’s
supply of fossll fuels, conservation Is
important. Residential appliances con-
sume roughly onethind of the elecirichy
produced in the United States. Refrigera
tors alone utilize the electrical cutput of
about 25 large power plants, nearly
seven percent of the nation’s consump-
tlon. Improving the energy efficiency of
appliances is, therefore. an important
step toward consesving fuel resources.

When buying home appliances It is

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

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

Is electricity safe?

Electricity, when used properly, is a safe
and convenient lorm of energy, but
when used improperly, clectricity can
cause fires, shocks, Injuries, and even
death, The followlng safety tips wil help
you avoid electrical accidents.

& Be careful with efectrical cords: don’t
place cords where people will trip
over thern or where they will receive
excessive wean, keep cords away
from heat and water; don’t pull on
cords ko disconnect themn, pull on
the plug: and don't twist, kink or
crush cords.

& Never use an appliance white stand-
ing in water or when wet.

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

» Keep combustible materlals away
from lamps or heating devices.

® Disconnect appliances before
cleaning.

o Keep ladders away from electric
power lines.

® Tum off circults when changing Nght
bulbs.

® In case of an electrical fire, call the
fire department; unplug appHance ¥
safe; use fire extinguisher or baking
soda, never use water.
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» Never touch broken electric lines. & Never attempt to remove a kite from Notes:

Call police and the electric company
immediately.

[n case of electric shock, do not
touch victim until electricity is tumed
off. if victim is in contact with
electric power lines, the only safe
procedure is to call the power com-
pany. Il victim is In contact with low
voltage cord, use a dry rope or stick
to remove victim. Call hospital and. if
necessaty, give artificlal resplration
of, Tor shock, cover victim and raise
his /her feet,

dectric power lines, and be aware of
the location of electric power lines
when flying kites,

When climbing trees, be sure thal
dlectric power lines don't touch the
tree: if so don't climb the tree.
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-
Food: The Fuel That 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,
aomas, 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.

Where does energy
in food come from?

The food chain for humans begins with
plants, Under ordinary growing condk
tions, plants sequire soll, water, alr and
sunlight. OF these eements. the energy
source Is sunlight, or solar energy,
which Is used by the plant leaves to
combine chemicals from air and water.

Carbon dioxide from air and hydrogen
from water are combined to form
carbohydrates. These carbohydrates,
stored in the plant's leaves, stems and
roots, are the major energy source for
the anlmals {including hurnans) who eat
them. )

Plants get thelr food from the soll which
supplles chernicals for making proteins.
vitamiina and minerals.

When we, In tum, eat plants, our bodles
use these proteins, vitamins and miner-
als as bullding materials for bones,
muscles and ail 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
leve! of energy. Glycogen provkies an
extrartich fuel for sudden emergencles.
And fat Is a long-term storage fuel.

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

When we sat beef, fish, poultry and
other meats, we are really eating plants
that have been converted to another
form. The energy is st there.

How Is energy used
to make food and deliver
K to us?

The days are long gone when most
people grew their own food and sunived
independently, Today, much of what we
eat comes from other people and places
and Is the result of a complex series of
events.

A good example of a staple crop is com.

Com requires many chemicals from the
soll, so farmers must keep fertlizing the
soil 1o replace important chemicals.
(Usually, fertlizers made from natural gas
are used.

Farm machinery, of course, bums gasc-
Ene or diesel fuel to do the plowing and
planting. If sainfall s poor, farmers may
need to irrigate, which requires electri
clty to run the inigation pumps. Pesti
cides made from petroleum keep the
com healthy.

Then, fuetbuming machinery picks the
com 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) is often substantial,

Once the com gets to you, other forms
of energy miy be necessary to husk it,
clean it and cook it to your tastes.

Meanwhlle, 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: to give you energy to survive,

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

Notes:
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