



























































Wind Energy

WHAT IS WIND?

Wind is simply air in motion. It is
caused by the uneven heating of the
earth’s surface by radiant energy from
the sun. Since the earth’s surface is
made of very different types of land
and water, it absorbs the sun’s energy
at different rates. ater usually does
not heat or cool as quickly as land
because of its physical properties.

An ideal situation for the formation of
local wind is an area where land and
water meet. During the day, the air
above the land heats up more quickly
than the air above water. The warm air
over the land expands, becomes less
dense and rises.

o

2. Warm air over the land rises

3. Cool air over the water moves in

The heavier, denser, cool air over the water flows in
to take its place, creating wind.In the same way, the
atmospheric winds that circle the earth are created
because the land near the equator is heated more
by the sun than land near the North and South Poles.

Today, people use wind energy to make electricity.
Wind is called a renewable energy source because
the wind will blow as long as the sun shines.

WIND DIRECTION

A weather vane, or wind vane, is used to show the
direction of the wind. A wind vane points toward the
source of the wind. Wind direction is reported as the
direction from which the wind blows, not the
direction toward which the wind moves. A north wind
blows from the north toward the south.

WIND SPEED

It is important in many cases to know how fast the
wind is blowing. Wind speed can be measured using
an instrument called a wind gauge or anemometer.

One type of anemometer is a device with three arms
that spin on top of a shaft. Each arm has a cup on its
end. The cups catch the wind and spin the shaft.
The harder the wind blows, the faster the shaft spins.
A device inside counts the number of spins per
minute and converts that figure into mph—miles per
hour. A display on the anemometer shows the speed
of the wind.
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HISTORY OF WIND MACHINES

Since ancient times, people have harnessed the
wind’s energy. Over 5,000 years ago, the ancient
Egyptians used the wind to sail ships on the Nile
River. Later, people built windmills to grind wheat
and other grains. The early windmills looked like
paddle wheels. Centuries later, the people in Holland
improved the windmill. They gave it propellertype
blades, still made with sails. Holland is famous for
its windmills.

In this country, the colonists used windmills to grind
wheat and corn, to pump water, and to cut wood at
sawmills. Today, people occasionally use windmills
to grind grain and pump water, but they also use new
wind machines to make electricity.

TODAY’S WIND TURBINES

Like old-fashioned windmills, today’s wind turbines
use blades to capture the wind’s kinetic energy. Wind
turbines work because they slow down the speed of
the wind.

hen the wind blows, it pushes against the blades
of the wind turbine, making them spin. They power a
generator to produce electricity. Most wind turbines
have the same basic parts: blades, shafts, gears, a
generator, and a cable. (Some turbines do not have
gearboxes.) These parts work together to convert
the wind’s energy into electricity.
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Low-speed shaft

Generator
Tower

1. The wind blows and pushes against the
blades on top of the tower, making them spin.

2. The turbine blades are connected to a low-
speed shaft. When the blades spin, the shaft
turns. The shaft is connected to a gearbox.
The gears in the gearbox increase the speed
of the spinning motion on a high-speed shaft.

3. The high-speed shaft is connected to a
generator. As the shaft turns inside the
generator, it produces electricity.

4. The electricity is sent through a cable down
the turbine tower to a transmission line.

The amount of electricity that a turbine produces
depends on its size and the speed of the wind. ind
turbines come in many different sizes. A small turbine
may power one home. Large wind turbines can
produce enough electricity to power up to 1,000
homes. Large turbines are sometimes grouped
together to provide power to the electricity grid. The
grid is the network of power lines connected together
across the entire country.

WIND POWER PLANTS

Wind power plants, or wind farms, are clusters of
wind turbines used to produce electricity. A wind farm
usually has dozens of wind turbines scattered over
a large area.

© 2007 THE NEED PROJECT « PO BOX 10101 « MANASSAS, VA 20108 * 1-800-875-5029

Choosing the location of a wind farm
is known as siting a wind farm. The
wind speed and direction must be
studied to determine where to put the
turbines. As a rule, wind speed
increases with height, as well as over
open areas with no windbreaks.

Turbines are usually built in rows facing into the
prevailing wind. Placing turbines too far apart
wastes space. If turbines are too close together, they
block each other’s wind.

The site must have strong, steady winds. Scientists
measure the winds in an area for several years
before choosing a site. The best sites for wind farms
are on hilltops, on the open plains, through mountain
passes, and near the coasts of oceans or large
lakes.

The wind blows stronger and steadier over water
than over land. There are no obstacles on the water
to block the wind. There is a lot of wind energy
available offshore.

Offshore wind farms are built in the shallow waters
off the coast of major lakes and oceans. Offshore
turbines produce more electricity than turbines on
land, but they cost more to build and operate.

Underwater construction is difficult and expensive.
The cables that carry the electricity must be buried
deep under the water.

WIND PRODUCTION

Every year, wind produces only a small amount of
the electricity this country uses, but the amount is
growing every year. One reason wind farms don’t
produce more electricity is that they can only run
when the wind is blowing at certain speeds. In most
places with wind farms, the wind is only optimum for
producing electricity about three-fourths of the time.
(That means most turbines run 18 hours out of 24.)

ENVIRONMENTAL IMPACTS

In some areas, people worry about the birds and bats
that may be injured by wind turbines. Some people
believe wind turbines produce a lot of sound, and
some think turbines affect their view of the
landscape.

On the other hand, wind is a clean renewable energy
source that produces no air pollution. And wind is
free to use. Wind power is not the perfect answer to
our energy needs, but it is a valuable part of the
solution.
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EARTH’'S ATMOSPHERE

Our earth is surrounded by a blanket of gases called
the atmosphere. Without this blanket, our earth
would be so cold that almost nothing could live. It
would be a frozen planet. Our atmosphere keeps us
alive and warm.

The atmosphere is made up of many different gases.
Most of the atmosphere (99 percent) is oxygen and
nitrogen. The other one percent is a mixture of
greenhouse gases. These greenhouse gases are
mostly water vapor, mixed with carbon dioxide,
methane, CFCs, ozone, and nitrous oxide.

Carbon dioxide is the gas we produce when we
breathe and when we burn wood and fossil fuels.
Methane is the main gas in natural gas. It is also
produced when plants and animals decay. The other
greenhouse gases are produced by burning fuels and
in other ways.

Global Climate Change

SUNLIGHT AND THE ATMOSPHERE

Rays of sunlight (radiant energy) shine down on the
earth every day. Some of these rays bounce off clouds
and are reflected back into space. Some rays are
absorbed by molecules in the atmosphere. About half
of the sunlight passes through the atmosphere and
reaches the earth.

When the sunlight hits the earth, most of it turns
into heat (thermal energy). The earth absorbs some
of this heat. The rest flows back out toward the
atmosphere. This keeps the earth from getting too
warm.

When this thermal energy reaches the atmosphere,
it stops. It can’t pass through the atmosphere like
sunlight. Most of the heat becomes trapped and
flows back to the earth. e usually think it's sunlight
that warms the earth, but actually it’s this contained
thermal energy that gives us most of our warmth.

The Greenhouse Effect

Radiant energy (light rays and arrows) shines on the earth.
Some radiant energy reaches the atmosphere and is reflected back into space.
Some radiant energy is absorbed by the atmosphere and is transformed into heat (dark arrows).

Half of the radiant energy
that is directed at earth
passes through the
atmosphere and reaches
the earth, where it is
transformed into heat.

The earth absorbs some
of this heat.

Most of the heat flows
back into the air. The
atmosphere traps the heat.

Very little of the heat
escapes back into space.

The trapped heat flows
back to the earth.

ATMOSPHERE
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THE GREENHOUSE EFFECT

e call this trapping of heat the greenhouse effect.
A greenhouse is a building made of clear glass or
plastic. In cold weather, we can grow plants in a
greenhouse. The glass allows the sunlight into the
greenhouse. The sunlight turns into heat when it
hits objects inside. The heat becomes trapped. The
radiant energy can pass through the glass; the
thermal energy cannot.

GREENHOUSE GASES

What is in the atmosphere that lets light through,
but traps heat? It's the greenhouse gases, mostly
carbon dioxide and methane. These gases are very
good at absorbing thermal energy and sending it
back to earth.

In the last 50 years, the amount of some greenhouse
gases in the atmosphere has increased dramatically.

e produce carbon dioxide when we breathe and
when we burn wood and fossil fuels such as coal,
oil, natural gas, and propane.

Some methane escapes from coal mines and oil
wells. Some is produced when plants and garbage
decay. Some animals also produce methane gas.
One cow can give off enough methane in a year to fill
a hot air balloon!

GLOBAL CLIMATE CHANGE

Scientists all over the world are studying the effects
of increased levels of greenhouse gases in the
earth’s atmosphere. They believe the greenhouse
gases are trapping more heat in the atmosphere as
their levels increase. They believe the average
temperature of the earth is beginning to rise. They
call this phenomenon global warming.

(>1%)
GREENHOUSE GASES

which are made of

(3%)
Carbon dioxide, methane,
CFCs, ozone & nitrous oxide
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Scientists at NASA, the National Air and Space
Agency, have found that the average temperature of
the earth has risen about 1.4°F in the last 100 years,
since the Industrial Revolution. They believe this
increase in global temperature is the major cause
of a 4-8 inch rise in the sea level over the same
period of time.

Climate change experts predict that if the
temperature of the earth rises just a few degrees
Fahrenheit, it will cause major changes in the world’s
climate. They predict there will be more floods in
some places and more droughts in others. They
believe the level of the oceans will rise as the ice at
the North and South Poles melts. They think there
might be stronger storms and hurricanes.

They believe that countries all over the world need
to act now to lower the amount of carbon dioxide
that is emitted into the atmosphere. They believe
we should reduce the amount of fossil fuels that we
burn. Experts around the world are trying to find ways
to lower greenhouse gas emissions without causing
major impacts on the economy.

The
ATMOSPHERE
is made of

NITROGEN

OXYGEN

Greenhouse gases make up less than one
percent of the atmosphere and are more than
97 percent water vapor.

Intermediate Energy Infobook PAGE 29




Hydrogen

WHAT IS HYDROGEN?

Hydrogen is the simplest element known to man.
Each atom of hydrogen has only one proton and one
electron. It is also the most plentiful gas in the
universe. Stars are made primarily of hydrogen.

Our sun’s energy comes from hydrogen. The sunis a
giant ball of hydrogen and helium gases. Inside the
sun, hydrogen atoms combine to form helium atoms.
This process, called fusion, gives off radiant energy.

Hydrogen

O ,.@4«.
® o

Hydrogen

Hydrogen

+ Energy

Hydrogen

During a process called FUSION, four hydrogen atoms
combine to form one helium atom, with a loss of
matter. This matter is emitted as radiant energy.

This radiant energy sustains life on Earth. It gives
us light and makes plants grow. It makes the wind
blow and rain fall. It is stored in fossil fuels. Most of
the energy we use today came from the sun.

Hydrogen as a gas (H,) doesn't exist on Earth. It is
always mixed with other elements. Combined with
oxygen, it is water (H,0). Combined with carbon, it
makes different compounds such as methane (CH,),
coal, and petroleum. Hydrogen is also found in all
growing things—biomass.

Hydrogen has the highest energy content of any
common fuel by weight, but the lowest energy
content by volume. It is the lightest element and a
gas at normal temperature and pressure.

HYDROGEN CAN STORE ENERGY

Most of the energy we use comes from fossil fuels.
Only six percent comes from renewable energy
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sources. They are usually cleaner and can be
replenished in a short period of time.

Renewable energy sources—Iike solar and wind—
can’t produce energy all the time. The sun doesn’t
always shine. The wind doesn’t always blow.
Renewables don’t always make energy when or where
we need it. e can use many energy sources to
produce hydrogen. Hydrogen can store the energy
until it's needed and move it to where it's needed.

HYDROGEN AS ENERGY CARRIER

Every day, we use more energy, mostly coal, to make
electricity. Electricity is a secondary source of energy.
Secondary sources of energy—sometimes called
energy carriers—store, move, and deliver energy to
consumers. e convert energy to electricity because
it is easier for us to move and use.

Electricity gives us light, heat, hot water, cold food,
TVs, and computers. Life would be really hard if we
had to burn the coal, split the atoms, or build our
own dams. Energy carriers make life easier.

Hydrogen is an energy carrier for the future. It is a
clean fuel that can be used in places where it’s hard
to use electricity. Sending electricity a long way costs
four times as much as shipping hydrogen by pipeline.

HOW IS HYDROGEN MADE?

Since hydrogen doesn’t exist on earth as a gas, we
must make it. e make hydrogen by separating it
from water, biomass, or natural gas—from domestic
resources. Scientists have even discovered that
some algae and bacteria give off hydrogen. It's
expensive to make hydrogen right now, but new
technologies are being developed.
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Hydrogen can be produced at large central facilities
or at small plants for local use. Every region of the
country (and the world) has some resource that can
be used to make hydrogen. Its flexibility is one of its
main advantages.

USES OF HYDROGEN

Nine million tons of hydrogen are produced in the
U.S. today, enough to power 20-30 million cars or 5-
8 million homes. Most of this hydrogen is used by
industry in refining, treating metals, and processing
foods.

NASA is the primary user of hydrogen as an energy
carrier; it has used hydrogen for years in the space
program. Hydrogen fuel lifts the space shuttle into
orbit. Hydrogen batteries—called fuel cells—power
the shuttle’s electrical systems. The only by-product
is pure water, which the crew uses as drinking water.

Hydrogen fuel cells (batteries) make electricity. They
are very efficient, but expensive to build. Small fuel
cells can power electric cars. Large fuel cells can
provide electricity in remote areas.

HYDROGEN AS A FUEL

Because of the cost, hydrogen power plants won'’t
be built for a while. Hydrogen may soon be added to
natural gas, though, to reduce pollution from existing
plants.

© 2007 THE NEED PROJECT « PO BOX 10101 « MANASSAS, VA 20108 * 1-800-875-5029

Soon hydrogen will be added to gasoline to boost
performance and reduce pollution. Adding just five
percent hydrogen to gasoline can significantly lower
emissions of nitrogen oxides (NO, ), which contribute
to ground-level ozone pollution.

An engine that burns pure hydrogen produces almost
no pollution. It will probably be 10-20 years, though,
before you can walk into your local car dealer and
drive away in a hydrogen-powered car.

THE FUTURE OF HYDROGEN

Before hydrogen becomes a significant fuel in the
U.S. energy picture, many new systems must be built.

e will need systems to produce hydrogen efficiently
and to store and move it safely. e will need many
miles of new pipelines and economical fuel cells.
And consumers will need the technology and the
education to use it.

The goal of the U.S. Department of Energy’s Hydrogen
Program is for hydrogen fuel to produce ten percent
of our energy consumption by 2030. ith
advancements in hydrogen and fuel cell technologies,
hydrogen has the potential to provide a large amount
of clean, renewable energy in the future.

Hydrogen Life Cycle

Hydrogen
Utilization

Environment

Hydrogen
Production

Primary
Renewable
Energy Source
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Electricity

ELECTRICITY: THE MYSTERIOUS FORCE
What exactly is the mysterious force we call
electricity? It is simply moving electrons. And what
exactly are electrons? They are tiny particles found
in atoms.

Everything in the universe is made of atoms—every
star, every tree, every animal. The human body is
made of atoms. Air and water are, too. Atoms are the
building blocks of the universe. Atoms are so small
that millions of them would fit on the head of a pin.

Atoms are made of even smaller particles. The center
of an atom is called the nucleus. It is made of
particles called protons and neutrons. The protons
and neutrons are very small, but electrons are much,
much smaller. Electrons spin around the nucleus in
shells a great distance from the nucleus. If the
nucleus were the size of a tennis ball, the atom would
be the size of the Empire State Building. Atoms are
mostly empty space.

If you could see an atom, it would look a little like a
tiny center of balls surrounded by giant invisible
bubbles (or shells). The electrons would be on the
surface of the bubbles, constantly spinning and
moving to stay as far away from each other as
possible. Electrons are held in their shells by an
electrical force.

The protons and electrons of an atom are attracted
to each other. They both carry an electrical charge.

Atom of Carbon

An electrical charge is a force within the particle.
Protons have a positive charge (+) and electrons have
a negative charge (-). The positive charge of the
protons is equal to the negative charge of the
electrons. Opposite charges attract each other.
When an atom is in balance, it has an equal number
of protons and electrons. Neutrons carry no charge,
and their number can vary.

The number of protons in an atom determines the
kind of atom, or element, it is. An element is a
substance in which all of the atoms are identical.
Every atom of hydrogen, for example, has one proton
and one electron, with no neutrons. Every atom of
carbon has six protons, six electrons, and six
neutrons. The number of protons determines which
elementitis.

SEVERAL COMMON ELEMENTS
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ELEMENT

HYDROGEN
LITHIUM
CARBON
NITROGEN
OXYGEN
MAGNESIUM
COPPER
SILVER
GOLD
URANIUM

SYMBOL

H
Li
c
N
0
Mg
Cu
Ag
Au

u

PROTONS
1
3
6
7
8
12
29
47
79

92

ELECTRONS

1
3

29
a7
79

92

NEUTRONS

0

34
51
118

146
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outer shell

inner shell

protons neutrons

nucleus

electrons

Carbon atom with six protons and six neutrons in
the nucleus, two electrons in the inner shell
and four electrons in the outer shell.

Electrons usually remain a constant distance from
the nucleus in precise shells. The shell closest to
the nucleus can hold two electrons. The next shell
can hold up to eight. The outer shells can hold even
more. Some atoms with many protons can have as
many as seven shells with electrons in them.

The electrons in the shells closest to the nucleus
have a strong force of attraction to the protons.
Sometimes, the electrons in the outermost shells
do not. These electrons can be pushed out of their
orbits. Applying a force can make them move from
one atom to another. These moving electrons are
electricity.

STATIC ELECTRICITY

Electricity has been moving in the world forever.
Lightning is a form of electricity. It is electrons moving
from one cloud to another or jumping from a cloud to
the ground. Have you ever felt a shock when you
touched an object after walking across a carpet? A
stream of electrons jumped to you from that object.
This is called static electricity.

Have you ever made your hair stand straight up by
rubbing a balloon on it? If so, you rubbed some
electrons off the balloon. The electrons moved into
your hair from the balloon. They tried to get far away
from each other by moving to the ends of your hair.
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They pushed against each other and
made your hair move—they repelled
each other. Just as opposite charges
attract each other, like charges repel
each other.

MAGNETS ARE SPECIAL

In most objects, the molecules are arranged
randomly. They are scattered evenly throughout the
object.

Magnets are different—they are made of molecules
that have North- and South-seeking poles. Each
molecule is really a tiny magnet. The moleculesina
magnet are arranged so that most of the North-
seeking poles point in one direction and most of the
South-seeking poles point in the other. This creates
a magnetic field around the magnet.

This creates an imbalance in the forces between the
ends of a magnet. This creates a magnetic field
around a magnet. A magnet is labelled with North
(N) and South (S) poles. The magnetic force in a
magnet flows from the North pole to the South pole.

AN I AN
/ S i LS
. “*--». ....... “':" .
e
BAR MAGNET

Have you ever held two magnets close to each other?
They don’t act like most objects. If you try to push
the South poles together, they repel each other. Two
North poles also repel each other.

LS N N S]

Like poles of magnets (N-N or S-S) repel each other.
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Electricity

If you turn one magnet around, the North (N) and the
South (S) poles are attracted to each other. The
magnets come together with a strong force. Just like
protons and electrons, opposites attract.

N——

Opposite poles of magnets (N-S) attract each other.

MAGNETS CAN PRODUCE ELECTRICITY

e can use magnets to make electricity. A magnetic
field can move electrons. Some metals, like copper,
have electrons that are loosely held; they are easily
pushed from their shells.

Magnetism and electricity are related. Magnets can
create electricity and electricity can produce
magnetic fields. Every time a magnetic field changes,
an electric field is created. Every time an electric
field changes, a magnetic field is created. Magnetism
and electricity are always linked together; you can’t
have one without the other. This phenomenon is
called electromagnetism.

Power plants use huge turbine generators to make
the electricity that we use in our homes and
businesses. Power plants use many fuels to spin
turbines. They can burn coal, oil, or natural gas to
make steam to spin turbines. Or they can split
uranium atoms to heat water into steam. They can
also use the power of rushing water from a dam or
the energy in the wind to spin the turbine.

The turbine is attached to a shaft in the generator.
Inside the generator are magnets and coils of copper
wire. The magnets and coils can be designed in two
ways—the turbine can spin the magnets inside the
coils or can spin coils inside the magnets. Either
way, the electrons are pushed from one copper atom
to another by the moving magnetic field.

Coils of copper wire are attached to the turbine shaft.
The shaft spins the coils of wire inside two huge
magnets. The magnet on one side has its North pole
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coil of wire™

to the front. The magnet on the other side has its
South pole to the front. The magnetic fields around
these magnets push and pull the electrons in the
copper wire as the wire spins. The electrons in the
coil flow into transmission lines.

These moving electrons are the electricity that flows
to our houses. Electricity moves through the wire
very fast. In just one second, electricity can travel
around the world seven times.

TURBINE GENERATOR

Turhine
spins shaft

Spinning

...~ Direction of
electric current

.

To transmission lines
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BATTERIES PRODUCE ELECTRICITY

A battery produces electricity using two different
metals in a chemical solution. A chemical reaction
between the metals and the chemicals frees more
electrons in one metal than in the other.

One end of the battery is attached to one of the
metals; the other end is attached to the other metal.
The end that frees more electrons develops a
positive charge, and the other end develops a
negative charge. If a wire is attached from one end
of the battery to the other, electrons flow through
the wire to balance the electrical charge.

Aload is a device that does work or performs a job.
If a load—such as a lightbulb—is placed along the
wire, the electricity can do work as it flows through
the wire. In the picture above, electrons flow from
the negative end of the battery through the wire to
the lightbulb. The electricity flows through the wire
in the lightbulb and back to the battery.

ELECTRICITY TRAVELS IN CIRCUITS
Electricity travels in closed loops, or circuits (from
the word circle). It must have a complete path before
the electrons can move. If a circuit is open, the
electrons cannot flow. When we flip on a light switch,
we close a circuit. The electricity flows from the
electric wire through the light and back into the wire.
When we flip the switch off, we open the circuit. No
electricity flows to the light.

When we turn a light switch on, electricity flows
through a tiny wire in the bulb. The wire gets very
hot. It makes the gas in the bulb glow. When the
bulb burns out, the tiny wire has broken. The path
through the bulb is gone.

When we turn on the TV, electricity flows through
wires inside the set, producing pictures and sound.
Sometimes electricity runs motors—in washers or
mixers. Electricity does a lot of work forus. e use
it many times each day.

In the United States, we use more electricity every
year. e use electricity to light our homes, schools,
and businesses. e use it to warm and cool our
homes and help us clean them. Electricity runs our
TVs, DVD players, video games, computers, and fax
machines. It cooks our food and washes the dishes.
It mows our lawns and blows the leaves away. It can
even run our cars.

The circuit is closed.

Electrons flow through the
wire and produce light.

The wire is broken.

The circuit is open and
no electrons can flow.
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Electricity

SECONDARY ENERGY SOURCE

Electricity is different from primary sources of energy.
Unlike coal, petroleum, or solar energy, electricity is
a secondary source of energy. That means we must
use other energy sources to make electricity. It also
means we can’t classify electricity as renewable or
nonrenewable.

Coal, which is nonrenewable, can be used to make
electricity. So can hydropower, a renewable energy
source. The energy source we use can be renewable
or nonrenewable, but electricity is neither.

GENERATING ELECTRICITY

Most of the electricity we use in the United States
is generated by large power plants. These plants
use many fuels to produce electricity. Thermal power
plants use coal, biomass, petroleum, or natural gas
to superheat water into steam, which powers a
generator to produce electricity. Nuclear power
plants use fission to produce the heat. Geothermal
power plants use heat from inside the earth.

Wind farms use the kinetic energy in the wind to
generate electricity, while hydropower plants use the
energy in moving water.

MOVING ELECTRICITY

e use more and more electricity every year. One
reason we use so much electricity is that it's easy to
move from one place to another. It can be made at a

power plant and moved long distances before it is
used. There is also a standard system in place so
that all of our machines and appliances can operate
on electricity. Electricity makes our lives simpler and
easier.

Let’s follow the path of electricity from a power plant
to a light bulb in your home. First, the electricity is
generated at a power plant. It travels through a wire
to a transformer that steps up the voltage. Power
plants step up the voltage because less electricity
is lost along the power lines when it is at higher
voltage.

The electricity is then sent to a nationwide network
of transmission lines. Transmission lines are the
huge tower lines you see along the highway. The
transmission lines are interconnected, so if one line
fails, another can take over the load.

Step-down transformers, located at substations
along the lines, reduce the voltage from 350,000
volts to 12,000 volts. Substations are small fenced-
in buildings that contain transformers, switches, and
other electrical equipment.

The electricity is then carried over distribution lines
that deliver electricity to your home. These
distribution lines can be located overhead or
underground. The overhead distribution lines are the
power lines you see along streets.

TRANSPORTING ELECTRICITY

Transmission line
carries electricity

Power plant
generates electricity

Transformer
steps up voltage
for transmission

PAGE 36 Intermediate Energy Infobook © 2007

long distances

Neighborhood
transformer
steps down voltage

Distribution line
carries electricity
to house

* Transformer on pole
steps down voltage
before entering house
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U.S. ELECTRICITY PRODUCTION

Before the electricity enters your house, the voltage
is reduced again at another transformer, usually a
large gray metal box mounted on an electric pole.
This transformer reduces the electricity to the 120
volts that are used to operate the appliances in your
home.

Electricity enters your house through a three-wire
cable. Wires are run from the circuit breaker or fuse
box to outlets and wall switches in your home. An
electric meter measures how much electricity you
use so that the utility company can bill you.

FUELS THAT MAKE ELECTRICITY

Three kinds of power plants produce most of the
electricity in the United States: fossil fuel, nuclear,
and hydroelectric. Coal plants generate half of the
electricity we use. There are also wind, geothermal,
trash-to-energy, and solar power plants, which
generate more than two percent of the electricity
produced in the United States.

FOSSIL FUEL POWER PLANTS

Fossil fuel plants burn coal, natural gas, or oil to
produce electricity. These energy sources are called
fossil fuels because they were formed from the
remains of ancient sea plants and animals. Most of
our electricity comes from fossil fuel plants.

© 2007 THE NEED PROJECT « PO BOX 10101 « MANASSAS, VA 20108 * 1-800-875-5029

Power plants burn the fossil fuels and use the heat
to boil water into steam. The high-pressure steam
spins a turbine generator to make electricity. Fossil
fuel power plants produce emissions that can pollute
the air.

Fossil fuel plants are sometimes called thermal
power plants because they use heat energy to make
electricity. (Therme is the Greek word for heat.) Coal
is used by most power plants because it is cheap
and abundant in the United States.

There are many other uses for petroleum and natural
gas, but the main use of coal is to produce electricity.
About 92 percent of the coal mined in the United
States is sent to power plants to make electricity.

NUCLEAR POWER PLANTS

Nuclear power plants are called thermal power plants,
too. They produce electricity in much the same way
as fossil fuel plants, except that the fuel they use is
uranium, which isn’t burned.

Uranium is a mineral found in rocks underground. A
nuclear power plant splits the nuclei (centers) of
uranium atoms to make smaller atoms in a process
called fission that produces enormous amounts of
heat. The heat is used to turn water into steam, which
drives a turbine generator. Nuclear power plants don’t
produce air polluting emissions, but their waste is
radioactive.

PEAK DEMAND

People use more electricity between 12 p.m.
and 6 p.m., especially in the summer.

o

Morning
6-noon

Afternoon Evening Night
12-6 pm 6-midnight | 12-6 am

Baseline
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Electricity

HYDROPOWER PLANTS

Hydro (water) power plants use the energy in moving
water to generate electricity. Fast-moving water is
used to spin the blades of a turbine generator.
Hydropower is called a renewable energy source
because it is renewed by rainfall.

WHAT'S A WATT?

e use electricity to perform many tasks. e use
units called watts, kilowatts, and kilowatt-hours to
measure the electricity that we use.

A watt is a measure of the electric power an appliance
uses. Every appliance requires a certain number of
watts to work correctly. Light bulbs are rated by watts
(60, 75, 100), as well as home appliances, such as
a 1500-watt hairdryer. A kilowatt is 1,000 watts. It
is used to measure larger amounts of electricity.

A kilowatt-hour measures the amount of electricity
used in one hour. Sometimes it's easier to
understand these terms if you compare them to
water in a pool. A kilowatt is the rate of electric flow,
or how fast the water goes into a pool. A kilowatt-
hour is the amount of electricity, or how much water
is added to the pool. e pay for the electricity we
use in Kilowatt-hours. Our power company sends us
a bill for the number of kilowatt-hours we use every
month. Most residential consumers in the United
States pay about eight cents per kilowatt-hour of
electricity. With the power shortages in California,
people there will be paying much more.

COST OF ELECTRICITY

How much does it cost to
make electricity? It depends
on several factors:

Fuel Cost

Building Cost

Another key is the cost of building the power plant
itself. A plant may be very expensive to build, but
the low cost of the fuel it uses can make the
electricity economical to produce.

Nuclear power plants, for example, are very expensive
to build, but their fuel—uranium—is very cheap. Coal-
fired plants, on the other hand, are less expensive
to build, but their fuel—coal—is more expensive.

Efficiency

When figuring cost, you must also consider a plant’s
efficiency. Efficiency is the amount of useful energy
you get out of a system. A totally efficient machine
would change all the energy put in it into useful work,
not wasting a single unit of energy. Changing one
form of energy into another always involves a loss
of usable energy.

In general, today’s power plants use three units of
fuel to produce one unit of electricity. Where do the
other two units of energy go? They don’t disappear.

e just can’'t use them as a practical source of
energy.

Most of the energy is lost as waste heat. You can
see this waste heat in the great clouds of steam
pouring out of giant cooling towers on some power
plants. A typical coal plant burns about 8,000 tons
of coal each day. About two-thirds of the chemical
energy in the coal (5,300 tons) is lost as it is
converted first to heat energy, and then into electrical
energy.

EFFICIENCY OF A POWER PLANT

Electrical Energy
35 units of energy

©

Thermal Energy

The major cost of generating

®

electricity is the cost of the Chemical
fuel. Many energy sources Energy

’ . 100 units of energy
can be used. Hydropower is goin

> go out
Steam ( l

| ®

the cheapest way and solar
cells are probably the most

Boiler

Turbine Generator

Motion
Pump

expensive way to generate
power.

Ak

Energy
I (to turn generator)

F 3

Water

Most power plants are about 35% efficient. For every 100 units of energy that go into a plant, 65 units are
lost as one form of energy is converted to other forms. Thirty-five units are produced to do usable work.
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Measuring Electricity

ELECTRICITY MEASUREMENT

Electricity makes our lives easier, but it can seem
like a mysterious force. Measuring electricity is
confusing because we cannot see it. e are familiar
with terms such as watt, volt, and amp, but we do
not have a clear understanding of these terms. e
buy a 60-watt lightbulb, a tool that needs 120 volts,
or a vacuum cleaner that uses 8.8 amps, and we
don’t think about what those units mean.

Again, using the flow of water as an analogy can make
electricity easier to understand. The flow of electrons
in a circuit is similar to water flowing through a hose.
If you could look into a hose at a given point, you
would see a certain amount of water passing that
point each second.

The amount of water depends on how much pressure
is being applied—how hard the water is being
pushed. It also depends on the diameter of the hose.
The harder the pressure and the larger the diameter
of the hose, the more water passes each second.
The flow of electrons through a wire depends on the
electrical pressure pushing the electrons and on the
cross-sectional area of the wire.

VOLTAGE

The pressure that pushes electrons in a circuit is
called voltage. Using the water analogy, if a tank of
water were suspended one meter above the ground
with a one-centimeter pipe coming out of the bottom,
the water pressure would be similar to the force of a
shower. If the same water tank were suspended 10
meters above the ground, the force of the water
would be much greater, possibly enough to hurt you.

Voltage (V) is a measure of the pressure applied to
electrons to make them move. It is a measure of the
strength of the current in a circuit and is measured
in volts (V). Just as the 10-meter tank applies
greater pressure than the 1-meter tank, a 10-volt
power supply (such as a battery) would apply greater
pressure than a 1-volt power supply.

AA batteries are 1.5-volt; they apply a small amount
of voltage or pressure for lighting small flashlight
bulbs. A car usually has a 12-volt battery—it applies
more voltage to push current through circuits to
operate the radio or defroster.

© 2007 THE NEED PROJECT « PO BOX 10101 « MANASSAS, VA 20108 * 1-800-875-5029

Water Tank

The standard voltage of wall
outlets is 120 volts—a dangerous
amount of voltage. An electric
clothes dryer is usually wired at
240 volts—a very dangerous
voltage.

CURRENT

The flow of electrons can be compared to the flow of
water. The water current is the number of molecules
flowing past a fixed point; electrical current is the
number of electrons flowing past a fixed point.
Electrical current (1) is defined as electrons flowing
between two points having a difference in voltage.
Current is measured in amperes or amps (A). One
ampere is 6.25 X 10*® electrons per second passing
through a circuit.

With water, as the diameter of the pipe increases,
so does the amount of water that can flow through
it. With electricity, conducting wires take the place
of the pipe. As the cross-sectional area of the wire
increases, so does the amount of electric current
(number of electrons) that can flow through it.

1 cm diameter 10 cm diameter
pipe pipe
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Measuring Electricity

RESISTANCE

Resistance (R) is a property that slows the flow of
electrons. Using the water analogy, resistance is
anything that slows water flow, a smaller pipe or fins
on the inside of a pipe. In electrical terms, the
resistance of a conducting wire depends on the
metal the wire is made of and its diameter. Copper,
aluminum, and silver — metals used in conducting
wires — have different resistance.

Resistance is measured in units called ohms (2).
There are devices called resistors, with set
resistances, that can be placed in circuits to reduce
or control the current flow. Any device placed in a
circuit to do work is called a load. The lightbulb in a
flashlight is a load. A television plugged into a wall
outlet is also a load. Every load has resistance.

Water Tank

Water Tank

4
¥

No

Resistance Resistance

OHM’S LAW

George Ohm, a German physicist, discovered that in
many materials, especially metals, the current that
flows through a material is proportional to the
voltage. In the substances he tested, he found that
if he doubled the voltage, the current also doubled.
If he reduced the voltage by half, the current dropped
by half. The resistance of the material remained the
same.

PAGE 40 Intermediate Energy Infobook © 2007

This relationship is called Ohm’s Law, and can be
written in three simple formulas. If you know any two
of the measurements, you can calculate the third
using these formulas:

voltage = current x resistance
V=IxR or V=AXxQ

current = voltage / resistance
I=V/R or A=V/Q

resistance = voltage / current
R=V/Il or Q=V/A

ELECTRICAL POWER

Power (P) is a measure of the rate of doing work or
the rate at which energy is converted. Electrical
power is the rate at which electricity is produced or
consumed. Using the water analogy, electric power
is the combination of the water pressure (voltage)
and the rate of flow (current) that results in the ability
to do work.

A large pipe carries more water (current) than a small
pipe. ater ata height of 10 meters has much greater
force (voltage) than at a height of one meter. The
power of water flowing through a 1-centimeter pipe
from a height of one meter is much less than water
through a 10-centimeter pipe from 10 meters.

Electrical power is defined as the amount of electric
current flowing due to an applied voltage. It is the
amount of electricity required to start or operate a
load for one second. Electrical power is measured
in watts (W). The formula is:

power = voltage x current
=VxA

P=VxlI or
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ELECTRICAL ENERGY

Electrical energy introduces the concept of time to
electrical power. In the water analogy, it would be
the amount of water falling through the pipe over a
period of time, such as an hour. When we talk about
using power over time, we are talking about using
energy. Using our water example, we could look at
how much work could be done by the water in the
time that it takes for the tank to empty.

The electrical energy that an appliance or device
consumes can be determined only if you know how
long (time) it consumes electrical power at a specific
rate (power). To find the amount of energy consumed,
you multiply the rate of energy consumption
(measured in watts) by the amount of time (measured
in hours) that it is being consumed. Electrical energy
is measured in watt-hours (Wh).

Energy (E) = Power (P) x Time (t)
E=Pxt or E= xh= h

Another way to think about power and energy is with
an analogy to traveling. If a person travels in a car
at a rate of 40 miles per hour (mph), to find the total
distance traveled, you would multiply the rate of travel
by the amount of time you traveled at that rate.

If a car travels for 1 hour at 40 miles per hour, it
would travel 40 miles.

Distance = 40 mph x 1 h = 40 miles

If a car travels for 3 hours at 40 miles per hour, it
would travel 120 miles.

Distance = 40 mph x 3 hours = 120 miles

The distance traveled represents the work done by
the car. When we look at power, we are talking about
the rate that electrical energy is being produced or
consumed. Energy is analogous to the distance
traveled or the work done by the car.

A person wouldn’t say he took a 40-mile per hour
trip because that is the rate. The person would say
he took a 40-mile trip or a 120-mile trip. e would
describe the trip in terms of distance traveled, not
rate traveled. The distance represents the amount
of work done.
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The same applies with electrical power. You would
not say you used 100 watts of light energy to read
your book, because a watt represents the rate you
use energy, not the total energy used. The amount
of energy used would be calculated by multiplying
the rate by the amount of time you read. If you read
for 5 hours with a 100-W bulb, for example, you would
use the formula as follows:

Energy = Power x Time
E=Pxt

Energy =100 W x 5 hr =500 Wh

One watt-hour is a very small amount of electrical
energy. Usually, we measure electrical power in
larger units called kilowatt-hours (kWh) or 1,000
watt-hours (kilo = thousand). A kilowatt-hour is the
unit that utilities use when billing most customers.
The average cost of a kilowatt-hour of electricity for
residential customers is about $0.09.

To calculate the cost of reading with a 100-W bulb
for 5 hours, you would change the watt-hours into
kilowatt-hours, then multiply the kilowatt-hours used
by the cost per kilowatt-hour, as shown below:

500 Wh divided by 1,000 = 0.5 kWh
0.5 kWh x $0.09/kWh = $0.045

It would cost about four and a half cents to read for
five hours using a 100-W bulb.
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History of Electricity

STARTING WITH BEN FRANKLIN

Many people think Benjamin Franklin discovered
electricity with his famous kite-flying experiments in
1752, but electricity was not discovered all at once.
At first, electricity was associated with light. People
wanted a cheap and safe way to light their homes,
and scientists thought electricity might be a way.

THE BATTERY

Learning how to produce and use electricity was not
easy. For a long time there was no dependable
source of electricity for experiments. Finally, in 1800,
Alessandro Volta, an Italian scientist, made a great
discovery. He soaked paper in salt water, placed zinc
and copper on opposite sides of the paper, and
watched the chemical reaction produce an electric
current. Volta had created the first electric cell.

By connecting many of these cells together, Volta was
able to “string a current” and create a battery. It is
in honor of Volta that we measure battery power in
volts. Finally, a safe and dependable source of
electricity was available, making it easy for scientists
to study electricity.

A CURRENT BEGAN

An English scientist, Michael Faraday, was the first
one to realize that an electric current could be
produced by passing a magnet through a copper wire.
It was an amazing discovery. Almost all the
electricity we use today is made with magnets and
coils of copper wire in giant power plants.

Both the electric generator and electric motor are
based on this principle. A generator converts
mechanical energy into electricity. A motor converts
electrical energy into mechanical energy.

MR. EDISON & HIS LIGHT

In 1879, Thomas Edison focused on inventing a
practical light bulb, one that would last a long time
before burning out. The problem was finding a strong
material for the filament, the small wire inside the
bulb that conducts electricity. Finally, Edison used
ordinary cotton thread that had been soaked in
carbon. This filament didn’t burn at all—it became
incandescent; that is, it glowed. These light bulbs
worked, but they were battery-powered and
expensive.
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The next challenge was developing an electrical
system that could provide people with a practical
source of energy to power these new lights. Edison
wanted a way to make electricity both practical and
inexpensive. He designed and built the first electric
power plant that was able to produce electricity and
carry it to people’s homes.

Edison’s Pearl Street Power Station started up its
generator on September 4, 1882, in New York City.
About 85 customers in lower Manhattan received
enough power to light 5,000 lamps. His customers
paid a lot for their electricity, though. In today’s
dollars, the electricity cost $5 per kilowatt-hour!
Today, electricity about costs nine cents per kilowatt-
hour for residential customers, less for industry.

AC OR DC?

The turning point of the electric age came a few years
later with the development of AC (alternating
current) power systems. With alternating current,
power plants could transport electricity much farther
than before. In 1895, George Westinghouse opened
the first major power plant at Niagara Falls using
alternating current. While Edison’s DC (direct
current) plant could only transport electricity within
one square mile of his Pearl Street Power Station,
the Niagara Falls plant was able to transport
electricity more than 200 miles!

Electricity didn’'t have an easy beginning. Many
people were thrilled with all the new inventions, but
some people were afraid of electricity and wary of
bringing it into their homes. Many social critics of
the day saw electricity as an end to a simpler, less
hectic way of life. Poets commented that electric
lights were less romantic than gas lights. Perhaps
they were right, but the new electric age could not
be dimmed.

In 1920, only two percent
of the energy in the U. S.
was used to make
electricity. Today, about 39
percent of all energy is
used to make electricity.
As our use of technology
grows, that figure will
continue torise.
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Facts of Light

Almost half of the electricity used by industry is for
lighting. In homes, up to 25 percent of our electric
bill is for lighting. Most of the light is produced by
incandescent light bulbs, using the same technology
developed in 1879 by Thomas Edison. These bulbs
are surprisingly inefficient, converting up to 90
percent of the electricity they consume into heat.

If the country converted to new technologies, the
electricity consumed to produce light could be
reduced by up to 70 percent! This would lower carbon
dioxide emissions equivalent to removing one-third
of the nation’s cars from the highways. Reducing the
electricity consumed by just one percent would
eliminate the need for an average-sized power plant.

Recent developments have produced compact
fluorescent lights (CFLs) that are four times as

efficient as incandescent bulbs and last up to ten
times longer. These new bulbs fit almost any socket,
produce a warm glow and, unlike the earlier models,
no longer flicker and dim.

Over the life of the bulbs, CFLs cost the average
consumer less than half the cost of traditional
incandescent bulbs for the same amount of light. In
addition, CFLs produce very little heat, reducing the
need for air conditioning in warm weather.

hy doesn’t everyone use CFLs? Few people realize
that converting to CFLs can save so much money
and electricity. Many people see the price tag and
think they’re getting a great bargain when they buy
10 incandescents for the same amount of money.
They don’t understand that they can reduce their
electric bills by 25 to 50 percent with CFLs.

COST OF 10,000 HOURS OF LIGHT

Cost: $0.36
Light Output
1600 lumens 20,000 _ 2 20 buibs
Life: 1,125 hr 1125
Energy Used 8.89x $0.36 =
100 watts $3.20

COST OF BULB(S)

100 Wx 10,000 h =
1,000,000 Wh =
1,000 kWh x $0.09/kWh =

$90.00

$93.20

COST OF ELECTRICITY IL LIFE CYCLE COST

—

Cost: $7.97

Light Output
1600 lumens

Life: 10,000 hr
Energy Used

E 23 watts a

COST OF BULB(S)

.+

COST OF ELECTRICITY

23Wx 10,000 h=
230,000 Wh =
230 kWh x $0.09/kWh =

$20.70

$28.67

CFL LIFE CYCLE COST

$93.20

IL LIFE CYCLE COST
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CFLLIFE CYCLE COST

$28.67

$64.53

LIFE CYCLE SAVINGS
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S :
2 Energy Consumption

ENERGY USE The second leading fuel for home heating is
Think about how you use energy every day. You wake electricity. Electricity also provides almost all of the
up to an alarm clock. You take a shower with water energy used for air conditioning. The efficiency of
warmed by a hot water heater. You listen to music on heat pumps and air conditioners has increased more
the radio as you dress. You catch the bus to school. than 50 percent in the last 30 years.

That’s just the energy you use before you get to
school! Every day, the average American uses about
as much energy as is stored in seven gallons of
gasoline. Energy use is sometimes called energy
consumption.

WHO USES ENERGY?

The U.S. Department of Energy divides energy users
into three groups: residential and commercial,
industrial, and transportation. These groups are
called the sectors of the economy. Lighting

RESIDENTIAL & COMMERCIAL Homes and commercial buildings also use energy

Any place where people live is considered a f(;rullgh’?mgt._Th;lla]\c/erzli_gﬁthome; er)enIds 2,[5 percen(;t
residential building. Commercial buildings include g Its electric b bor t|g60mg. Ctoﬁi;’?o:est’ .‘"".‘t
offices, stores, hospitals, restaurants, and schools. USINEsSes use abou percent ot their electricity

Residential and commercial buildings are grouped [ !ighting. Most commercial buildings use
together because they use energy in the same ways— fluorescent lighting. It costs more to install, but it
—for heating and cooling, lighting, heating water, and usgs a lot less energy to produce the same amount
operating appliances. of light.

Together, homes and buildings consume more than Energy Use By SECtO r

a third of the energy used in the United States today.
In the last 30 years, Americans have reduced the Of The Economy
amount of energy used in their homes and
commercial buildings. e still heat and cool rooms,
and heat hot water. e have more home and office
machines than ever. Most of the energy savings have
come from improvements in technology and in the
ways the equipment is manufactured.

Heating oil is the third leading fuel used for home
heating. In 1973, the average home used 1,300
gallons of oil a year. Today, that figure is about 800
gallons, a significant decrease. New oil furnaces burn
oil more cleanly and operate more efficiently.

In the future, we may see more use of renewable
energy sources, such as geothermal and solar energy,
to heat and cool our homes and workspaces.

Heating & Cooling
It takes a lot of energy to heat rooms in winter and INDUSTRY
cool them in summer. Half of the energy used in the
average home is for heating and cooling rooms. The
three fuels used most often for heating are natural
gas, electricity, and heating oil. Today, more than half

the nation’s homes use natural gas for heating.
RESIDENTIAL &
Most natural gas furnaces in the 1970s and 1980s COMMERCIAL

were about 60 percent efficient. That means they 390/
converted 60 percent of the energy in the natural 0
gas into usable heat. New gas furnaces are designed

to be up to 98 percent efficient. SOURCE: ENERGY INFORMATION ADMINISTRATION
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LIGHTING EFFICIENCY
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1879 Incandescent 1.4
Today's Incandescent

Today's Halogen

Today's Fluorescent

EFFICIENCY
CONSERVATION
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Most homes still use the type of light bulb invented
by Thomas Edison over 100 years ago. These
incandescent bulbs are not very efficient. Only about
10 percent of the electricity they consume is
converted into light. The other 90 percent is
converted to heat.

Compact fluorescent bulbs (CFLs) can be used in
light fixtures throughout homes. Many people think
they cost too much to buy (about $5 - $10 each), but
they actually cost less overall because they last
longer and use less energy than incandescent bulbs.

Appliances

Over the last 100 years, appliances have changed
the way we spend our time at home. Chores that
used to take hours can now be done in minutes by
using electricity instead of human energy. In 1990,
Congress passed the National Appliance Energy
Conservation Act, which requires appliances to meet
strict energy efficiency standards. As a result of this
Act, home appliances have become more energy
efficient. ater heaters, refrigerators, clothes
washers, and dryers all use much less energy today
than they did 25 years ago.

Appliance Efficiency Ratings

When you buy an appliance, you should pay attention
to the yellow EnergyGuide label on every appliance.
This label tells you the Energy Efficiency Rating (EER)
of the appliance. The EER tells how much it costs to
operate the appliance.

Payback Period

Whether you buy a furnace, hot water heater, or other
home appliance, you must choose the best bargain.
Since most high-efficiency systems and appliances
cost more than less efficient ones, you have to know
how much it will cost to operate the appliance each

© 2007
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year and how many years you can expect to use it.
The payback period is the amount of time you must

use a system or appliance before you begin to benefit
from energy savings.

For example, if you buy an efficient refrigerator that
costs $100 more, but uses $25 less electricity each
year, you would begin saving money after four years.
Your payback period would be four years. Since
refrigerators usually last ten years, you would save
$150 over the life of the appliance and save natural
resources.

Based on standard U.5. Government tesis

ENERGlGUIDE

Clothes Washer
Capacity: Standard

MAYTAG
Maodel(s)

MAH5500B

Compare the Energy Use of this Clothes Washer
with Others Before You Buy.

This Model Uses
302 kWh/year

ENERGY STAR
A symbol of
energy efficiency

Energy use (kWh/year) range of all similar models

Uses Least Uses Most
Energy Energy
177 1298

kwhiyear (kilowatt-hours per year) is a measure of energy (electricity) use.
Your utility company uses it fo compute your bill. Only standard size clothes washers
are used in this scale.

Clothes washers using more energy cost more to operate.
This model's estimated yearly operating cost is:

$24 $11

When used with an electric waler heater When used with a natural gas water heater

Basad on eight Inads of clothes a week and a 2000 5. Government national averagea cost
of $0.0803 per KWh for electricity and 50.688 per therm for nalural gas. Your aclual apearaling
cast will vary depending on your local utility rates and your use of the product.

Impartant Remcwal of this label szdore consumer purchase viokes the Feceral Trade Commssion's Appliance Labelng Rule [1€ C.RR. Part 305)
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EFFICIENCY
CONSERVATION

INDUSTRIAL SECTOR

The United States is a highly industrialized country.

e use a lot of energy. Today, the industrial sector
uses 33.4 percent of the nation’s energy. Since 1973,
the industrial sector has grown by two-thirds, but
has used only 15 percent more energy to fuel that
growth. Every industry uses energy, but six energy-
intensive industries use most of the energy
consumed by the industrial sector.

Petroleum Refining

The United States uses more petroleum than any
other energy source. Petroleum provides the U.S.
with more than 38 percent of the energy we use each
year. Petroleum can’t be used as it comes out of the
ground. It must be refined before it can be used.

Oil refineries use a lot of energy to convert crude oil
into gasoline, diesel fuel, heating oil, chemicals, and
other products. Aimost half of a refinery’s operating
costs (43%) is for energy. Refineries today use about
25 percent less energy than they did in 1973.

ASPHALT
PROPANE

10%
JET FUEL

18%
OTHER

23%
HEATING OIL &
DIESEL FUEL

47%
GASOLINE

PETROLEUM PRODUCTS

Total = 105 % due to a
5 % gain from processing.
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Energy Consumption

16%
Personnel

24%
Maintenance

U.S. OIL REFINERY
OPERATING EXPENSES

Steel Manufacturing

The steel industry uses energy to turn iron ore and
scrap metal into steel. Hundreds of the products we
use every day are made of steel. It is a very hard,
durable metal and it must be heated to very high
temperatures to manufacture it. Producing those
high temperatures takes a lot of energy. The cost of
energy in the steel industry is 15 to 20 percent of
the total cost of making the steel. Most of this energy
comes from coal, or electricity generated from coal.

Since 1973, the steel industry has reduced its
energy consumption by 45 percent per ton of steel.
New technology has made steel stronger so that less
steel is needed for many uses. For example, the
Sears Tower in Chicago could be built today using
35 percent less steel.

The use of recycled steel
also saves energy. It
requires 33 percent less
energy to recycle steel
than to make it from iron
ore. Today, two-thirds of
new steel is made from
recycled scrap, making
steel the nation’s leading
recycled product.
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Aluminum Manufacturing

Aluminum is a very light-weight, versatile metal. e
use aluminum to make soft drink cans, food wrap,
car parts, and many other products. It takes huge
amounts of electricity to make aluminum from
bauxite, or aluminum ore. The cost of electricity is
30 percent of the cost of manufacturing aluminum.

Today, it takes 23 percent less electricity to produce
a pound of aluminum than it did 30 years ago, mainly
because of recycling. Using recycled aluminum
requires about 95 percent less energy than
converting bauxite into metal.

Paper Manufacturing

The United States uses enormous amounts of paper
every day—newspapers, books, bags, and boxes are
all made of paper.

Energy is used in every step of paper making. Energy
is used to chop, grind, and cook the wood into pulp.
More energy is used to roll and dry the pulp into
paper. In 1973, the amount of energy needed to make
one ream (500 sheets) of copy paper was equal to
3.7 gallons of gasoline.

Today, with advanced technologies, the

S

EFFICIENCY

Chemical Manufacturing
CONSERVATION

Chemicals are an important part of
our lives. e use chemicals in our
medicines, cleaning products,
fertilizers and plastics, as well as in
many of our foods.

The chemical industry uses energy in two ways. It
uses coal, oil, and natural gas to power the
machinery to make the chemicals. It also uses
petroleum and natural gas as major sources of
hydrocarbons from which the chemicals are made.

New technology has made the chemical industry 60
percent more energy efficient than it was 30 years
ago.

Cement Manufacturing

Some people think the United States is becoming a
nation of concrete. New roads and buildings are being
built everywhere, every day. e use lots of concrete.

Concrete is made from cement, water, and crushed
stone. A lot of energy is used in making cement. The
process requires extremely high temperatures—up
to 3,500 degrees Fahrenheit.

Cement plants have reduced their energy
consumption by one-third using innovative waste-to-
energy programs. More than half of the cement plants
in the U.S. now use some type of waste for fuel.
These wastes, such as printing inks, dry cleaning
fluids and used tires, have high energy content. For
example, the energy content of one tire equals that
of two gallons of gasoline. This industry is using
energy that would otherwise be wasted in a landfill.

energy used to make the same amount
of paper would equal just two gallons of [
gasoline.

The paper and pulp industry uses 42
percent less energy today, mainly
because of better technology. Many
industries have lowered energy use by
using recycled materials. In the paper and
pulp industry, it is not cheaper to use
recycled paper because it costs money
to collect, sort, and process the waste
paper.

Recycling has other benefits, though. It
reduces the amount of paper in landfills

Reduction in Energy Use 1975-2005\

5 10 15 20 25 30 35 40 45

Petroleum Refineries 25%

Chemicals

Aluminum

Paper & Pulp

Cement

and means fewer trees must be cut.
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TRANSPORTATION SECTOR

The United States is a big country. Twenty-seven
percent of the energy we use goes to moving people
and goods from one place to another.

The Automobile
Americans love automobiles. e love to drive them.
e don’t want anyone telling us what kind of car to
buy or how much to drive it. Thirty years ago, most
Americans drove big cars that used a lot of gas. The
gas shortages of the 1970s didn’t change
Americans’ driving habits much. What did change
was the way automobiles were built. Automakers
began making cars smaller and lighter. They built
smaller and more efficient engines.

One reason for the changes was that the government
passed laws requiring automobiles to get better gas
mileage. With new technologies, cars now travel
more miles on each gallon of gas. Today, passenger
cars get an average of 28 miles per gallon. If
automakers hadn’t made these changes, we would
be using 30 percent more fuel than we do today.

In 1973, there were 102 million cars on the road.
Today, there are more than 150 million cars. There
are more cars being driven more miles than ever
before. AImost half of the passenger vehicles sold
in 2002 were sport utility vehicles and light trucks.
With the recent rise in fuel prices, however, demand
for these big vehicles has dropped, while demand
for hybrids and other fuel efficient vehicles has
increased.

AVERAGE FUEL ECONOMY
OF PASSENGER CARS

Miles per Gallon
- N ] w
(4] o o [—]

-y
=
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Energy Consumption

Commercial Transportation

Passenger cars consume about two-thirds of the fuel
we use for transportation. Commercial vehicles
consume the rest. These vehicles—trains, trucks,
buses, and planes—carry people and products all
across this vast country. Commercial vehicles have
also become more fuel efficient in the last 30 years.

Trucks use more fuel than any other commercial
vehicle. Almost all products are at some point
transported by truck. Trucks are big and don’t get
good gas mileage. They have diesel engines and can
travel farther on a gallon of diesel fuel than they could
on a gallon of gasoline. In the last thirty years, trucks
have improved their gas mileage from 4.8 miles per
gallon to about seven miles per gallon.

Trains carry most of the freight between cities. In
the last 30 years, trains have improved their fuel
efficiency by 60 percent. Trains are lighter and
stronger and new locomotives are more efficient.

Airplanes move people and products all over the
country. In 2004, more than 600 million passengers
flew on planes. By 2010, about one billion
passengers are expected to take trips on planes
each year. Thirty years ago, airplanes averaged fifteen
passenger miles per gallon of fuel. Today, planes
average about 50 miles per gallon, and some jets
get 63 mpg. Fuel is one of the biggest operating costs
for airlines. Making planes more energy efficient is
very important to airlines.

Mass Transit is public transportation for moving
people on buses, trains, light rail, and subways. Today,
there are about eight billion trips made on public
transit systems. That sounds like a lot, but it is less
than the number of trips made in 1970. Why is this?
One reason is that Americans love their cars. Another
is that people have moved from cities to suburbs
and many businesses have followed. Most mass
transit systems were designed to move people
around cities or from suburbs to cities. Very few
systems move people from suburb to suburb.

Most people worry about air pollution from auto
exhaust. They also worry about traffic congestion.
Congress has passed legislation supporting public
transit. If public transit is convenient and the cost is
reasonable, people may leave their cars at home.

THE NEED PROJECT + PO BOX 10101 « MANASSAS, VA 20108 « 1-800-875-5029




Energy Efficiency Ezf

ENERGY CONSUMPTION

The United States uses a lot of energy—nearly a
million dollars worth each minute, 24 hours a day,
every day of the year. With less than five percent of
the world’s population, we consume almost one
fourth (24 percent) of its energy resources. People
in Europe and Japan also use a large amount of
energy. The average American consumes six times
more energy than the world average.

EFFICIENCY & CONSERVATION

Energy is more than numbers on a utility bill; it is
the foundation of everything we do. All of us use
energy every day—for transportation, cooking,
heating and cooling rooms, manufacturing, lighting,
and entertainment. e rely on energy to make our
lives comfortable, productive, and enjoyable. To
maintain our quality of life, we must use our energy
resources wisely.

The choices we make about how we use energy—
turning machines off when we’re not using them or
choosing to buy energy efficient appliances—
impacts our environment and our lives. There are
many things we can do to use less energy and use it
more wisely. These things involve energy
conservation and energy efficiency. Many people
think these terms mean the same thing, but they
are different.

Energy conservation is any behavior that results in
the use of less energy. Energy efficiency is the use
of technology that requires less energy to perform
the same function. A compact fluorescent light bulb
that uses less energy than an incandescent bulb to
produce the same amount of light is an example of
energy efficiency. The decision to replace an
incandescent light bulb with a compact fluorescent
is an example of energy conservation.

As consumers, our energy choices and actions can
result in reductions in the amount of energy used in
all three sectors of the economy—residential and
commercial, industrial, and transportation.

RESIDENTIAL/COMMERCIAL

Households use about one-fifth of the total energy
consumed in the United States each year. The typical
U.S. family spends $1,300 a year on utility bills.

S

frRepresentatiwe Countries & Energy Consumption\

Country Population in millions (2005) Consumption in quads (2003)

China 1304 45.5

India 1104 14.0 |

United States 296 98.8

Indonesia 222 4.7 |

Brazil 184 8.8

Pakistan 162 1.9 |

Russia 144 29.1

Bangladesh 144 0.6 |

Nigeria 132 1.0

Japan 128 22.4 |

Mexico 107 6.8

Germany 82 14.2 |

Iran 70 6.0

Thailand 65 3.1 |

France 61 11.2

United Kingdom 60 9.8 |

Italy 59 8.0

South Africa 50 4.9 |

South Korea 48 8.6

Canada 32 13.5 |

Saudi Arabia 25 5.7

Taiwan 23 4.2 |
\ Australia 20 6.1 )

Much of this energy is not put to use. Heat pours
out of homes through drafty doors and windows, as
well as through ceilings and walls that aren’t
insulated. Some appliances use energy 24 hours a
day, even when they are turned off. Energy-efficient
improvements can make a home more comfortable
and save money. Many utility companies provide
energy audits to identify areas where homes are
wasting energy. These audits may be free or low cost.

Heating and Cooling

Heating and cooling systems use more energy than
any other systems in our homes. Typically, 44 percent
of an average family’s energy bills is spent to keep
homes at a comfortable temperature. You can save
energy and money by installing insulation,
maintaining and upgrading the equipment, and
practicing energy-efficient behaviors. A two-degree
adjustment to your thermostat setting (lower in
winter, higher in summer) can lower heating bills by
four percent and prevent 500 pounds of carbon
dioxide from entering the atmosphere each year.
Programmable thermostats can automatically
control temperature for time of day and season.

Insulation and Weatherization

You can reduce heating and cooling needs by

investing in insulation and weatherization products.
arm air leaking into your home in summer and out

of your home in winter can waste a lot of energy.
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Insulation wraps your house in a nice warm blanket,
but air can still leak in or out through small cracks.
Often the effect of small leaks is the same as keeping
a door wide open. One of the easiest money-saving
measures you can do is caulk, seal, and weather-
strip all the cracks to the outside. You can save 10
percent or more on your energy bill by stopping the
air leaks in your home.

Doors and Windows

About one-third of a typical home’s heat loss occurs
through the doors and windows. Energy-efficient
doors are insulated and seal tightly to prevent air
from leaking through or around them. If your doors
are in good shape and you don’t want to replace
them, make sure they seal tightly and have door
sweeps at the bottom to prevent air leaks.

Installing insulated storm doors provides an
additional barrier to leaking air. Most homes have
many more windows than doors. Replacing older
windows with new energy-efficient ones can reduce
air leaks and utility bills. The best windows are
constructed of two or more pieces of glass separated
by a gas that does not conduct heat well.

If you cannot replace older windows, there are
several things you can do to make them more energy
efficient. First, caulk any cracks around the windows
and make sure they seal tightly. Add storm windows
or sheets of clear plastic to the outside to create
additional air barriers. You can also hang insulated
drapes on the inside—in cold weather, open them
on sunny days and close them at night. In hot weather,
close them during the day to keep out the sun.

Windows, doors, and skylights are part of the
government-backed ENERGY STAR® program that
certifies energy-efficient products. To meet ENERGY
STAR® requirements, windows, doors, and skylights
must meet requirements tailored for the country’s
three broad climate regions.

Landscaping

Although it isn’t possible to control the weather,
landscaping can reduce its impact on home energy
use. By placing trees, shrubs, and other landscaping
to block the wind and provide shade, people can
reduce the energy needed to keep their homes
comfortable during heating and cooling seasons.
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Home
Energy Usage

Heating/Cooling 56%
Lighting/Appliances  23%
Water Heating 16%
Refrigeration 5%

= fram the U.5. Energy

Electricity & Appliances

Appliances account for about 20 percent of a typical
household’s energy use, with refrigerators, clothes
washers and dryers at the top of the list. hen
shopping for new appliances, you should think of two
price tags. The first one is the purchase price. The
second price tag is the cost of operating the
appliance during its lifetime.

You'll be paying that second price tag on your utility
bill every month for the next 10 to 20 years,
depending on the appliance. Many energy efficient
appliances cost more to buy, but save money in lower
energy costs. Over the life of an appliance, an energy-
efficient model is always a better deal.

When you shop for new

appliances, consider only those ’ ‘
with the ENERGY STAR® label,

which means they have been W
rated by the U.S. Environmental
Protection Agency and
Department of Energy as the
most energy-efficient appliances
in their classes.

CHANGE FOR THE
BETTER WITH
ENERGY STAR

If the average American were to equip his/her home
only with products that have the ENERGY STAR® label,
he/she would cut his/her energy bills, as well as
greenhouse gas emissions, by about 30 percent.

Another way to compare appliances is by using
EnergyGuide labels. The government requires
appliances to display yellow and black EnergyGuide
labels. These labels do not tell you which appliances
are the most efficient, but they will tell you the annual
energy usage and average operating cost of each
appliance so that you can compare them.
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Based on standard U.S. Government tests

ENE RGlGUIDE

Clothes Washer
Capacity: Standard

MAYTAG
Maodel(s)

MAH5500B

Compare the Energy Use of this Clothes Washer
with Others Before You Buy.

This Model Uses
302 kWh/year

ENERGY STAR
A symbol of
energy efficiency

Energy use (kWh/year) range of all similar models

Uses Least Uses Most
Energy Energy
177 1298

kwhiyear (kilowatt-hours per year) is a measure of energy (electricity) use.
Your utility company uses it to compute your bill. Only standard size clothes washers
are used in this scale.

Clothes washers using more energy cost more to operate.
This model's estimated yearly operating cost is:

$24 $11

When used with an electric water heater When used with a natural gas water heater

Basad on eight Inads of clothes a week and a 2000 U5, Government national averaga cost
of $0.0803 per kWh for electricily and $0.688 per therm for natural gas. Your aclual apearaling
cast will vary depending on your local utility rates and your use of the product.

Impartant Femival of tis label badore corsumer purchase vinlses the Feceral Trada Cammasion’s Appliance Labelng Rule 18 C.RR. Pat 305)

Lighting

As a nation, we spend about one-quarter of our
electricity on lighting, at a cost of more than $37
billion annually. Much of this energy is wasted using
inefficient incandescent light bulbs. Only 10 percent
of the energy used by an incandescent bulb produces
light; the rest is given off as heat.

If you replace 25 percent of your light bulbs with
fluorescents, you can save about 50 percent on your
lighting bill. Compact fluorescent light bulbs (CFLs)
provide the same amount of light and do not flicker
or buzz. CFLs cost more to buy, but they save money
in the long run because they use only one-quarter
the energy of incandescent bulbs and last 8-12 times
longer. Each CFL you install can save you $30 to
$60 over the bulb’s life.

Water Heating

ater heating is the third largest energy expense in
your home. It typically accounts for about 14 percent
of your utility bill. Heated water is used for showers,
baths, laundry, dishwashing, and general cleaning.
There are four main ways to cut your water heating
bills—use less hot water, turn down the thermostat
on your water heater, insulate your water heater and
pipes, and buy a new, more efficient water heater.
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Other ways to conserve hot water s
include tqklng showers mstea.d.of cg;gﬁ"fﬂ%
baths, taking shorter showers, fixing

leaks in faucets and pipes, and

using the lowest temperature

settings on clothes washers.

TRANSPORTATION

Americans make up less than five percent of the
world’s population, yet own one third of its
automobiles. The transportation sector of the U.S.
economy accounts for 28 percent of total energy
consumption. America is a country on the move.

The average American uses 500 gallons of gasoline
every year. The average vehicle is driven more than
12,000 miles per year. That number is expected to
increase about 40 percent during the next 20 years
if Americans don’t change their driving habits by
using public transportation, carpooling, walking or
bicycling. You can achieve 10 percent fuel savings
by improving your driving habits and keeping your
car properly maintained.

The average fuel economy of new cars and light
trucks increased significantly from the mid-1970s
through the mid-1980s. Unfortunately, it declined
from a high of about 26 miles per gallon (mpg) in
1988 to less than 24 mpg in 1999 due to larger
vehicles, more horsepower, and increased sales of
sport utility vehicles (SUVs) and trucks. Today, it has
risen to 28 mpg as fuel prices have sky-rocketed
and the demand for hybrids and fuel efficient vehicles
has increased.

The U.S. imports about two-thirds of the oil we use.
Our dependence on foreign oil could be almost
completely eliminated if the average fuel economy
was 45 mpg instead of 28 mpg.

CITY MPG HIGHWAY MPG
uel Economy
2 8 ‘ Information : ; : ;
. .
Actuzl Mileage will vary with D escri p'I'I on For Comparison Shopping,
options, driving conditicns, all vehicles classified as
driving habits and vehicie’s f H MID-SIZE
condition. Results reported to O Ve h I C I e have been issuad
EPA indicate that the majority mileage ratings
of vehicles wilh these estmales ranging from:
will achieva batwaen

emismgintecty,  Estimated Annual Fuel Cost: Zin 30 mpg &y
and balween 26 10 40 mog
28 and 38 mpg on the $ 7 74 'hiq[h.,\.'gi

\ highwary.
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When buying a vehicle, you can save a lot by choosing n
a fuel-efficient model. All new cars must display a

mileage performance label, or Fuel Economy Label,
that lists the estimated miles per gallon for both
city and highway driving. Compare the fuel economy
of the vehicles you are considering and make it a
priority. Over the life of the vehicle, you can save
thousands of dollars and reduce emissions
significantly.

goods being produced and less energy being used
in the manufacturing process. Buying goods with
less packaging also reduces the amount of waste
MANUFACTURING generated and the amount of energy used.
Manufacturing the goods we use every day consumes

an enormous amount of energy. The industrial sector ~ Feuse

of the U.S. economy consumes one-third of the energy ~ BUY Products that can be used repeatedly. If you buy
used inthe U.S. things that can be reused rather than disposable

items that are used once and thrown away, you will
In the industrial sector, the market drives energy save natural resources. You'll also save the energy

efficiency and conservation measures. used to make them and reduce the amount of landfill
Manufacturers know that they must keep their costs space needed to contain the waste.

low to compete in the global economy. Since energy

is one of the biggest costs in many industries, Recycle
manufacturers must use energy efficient Make it a priority to recycle all materials that you
technologies and conservation measures to be can. Using recycled material almost always
successful. Their demand for energy efficient consumes less energy than using new materials.
equipment drives much of the research and Recycling reduces energy needs for mining, refining,
development of new technologies. and many other manufacturing processes.
Individual consumers can, however, have an effect Recycling a pound of steel saves enough energy to
on industrial energy use through the product choices light a 60-watt light bulb for 26 hours. Recycling a
we make and what we do with packaging and ton of glass saves the equivalent of nine gallons of
products we no longer use. fuel oil. Recycling aluminum cans saves 95 percent
of the energy required to produce aluminum from
A Consumer Society bauxite. Recycling paper reduces energy usage by

Every American throws away about 1,000 pounds of half.
trash a year. The most effective way for consumers

to help reduce the amount of energy consumed by ENERGY SUSTAINABILITY

industry is to decrease the number of unnecessary Efficiency and conservation are key components of
products produced and to reuse items wherever energy sustainability—the concept that every
possible. Purchasing only those items that are generation should meet its energy needs without
necessary, while also reusing and recycling products compromising the energy needs of future
can reduce energy use in the industrial sector. generations. Energy sustainability focuses on long-

term energy strategies and policies that ensure
The 3 Rs of an energy-wise consumer are easy to adequate energy to meet today’s needs, as well as

put into practice. Reducing, reusing, and recycling tomorrow’s.
helps protect the environment and saves money,

energy and natural resources. Sustainability also includes investing in research
and development of advanced technologies for
Reduce producing conventional energy sources, promoting

Buy only what you need. Purchasing fewer goods the use of alternative energy sources, and
means less to throw away. It also results in fewer encouraging sound environmental policies.
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Acid rain

Active solar energy
Airplanes

Alternating current
Aluminum manufacturing
Ampere

Appliances

Atmosphere

Atom

Automobiles

Bacterial decay
Battery
Biomass

Bulk plant

Cement manufacturing
Ceramic pellets

Chain reaction
Chemical energy
Chemical manufacturing
Circuit

Closed circuit

Coal

Coal bed methane

Coal formation

Coal production

Coal reserves
Commercial sector
Commercial transportation
Compact fluorescent (CFL)
Conservation of energy
Conversion

Cooling tower

Core (earth)

Core (reactor)

Crude oil

Crust

Current (electric)

Dam

Direct current
Distribution line
Distribution terminal
Doors

E-10

Earth’s layers
Edison, Thomas
Efficiency
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Energy conservation
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EnergyGuide Label
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Energy transformations
Ethanol

Evaporation
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Filament
Fission
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Franklin, Ben
Fuel assembly
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Kilowatt
Kilowatt-hour
Kinetic energy

Landscaping

Lighting

Liquefied petroleum gas (LPG)
Load (electrical)

Magma
Magnet
Magnetic field
Mantle
Manufacturing
Mass transit
Mechanical energy
Mercaptan
Methane
Mining (coal)
Molecule
Motion

Motor

Natural gas

Natural gas formation
Negative charge
Neutron

Newton’s Laws of Motion
Nonrenewable
Nuclear energy
Nuclear fission (see fission)
Nuclear fusion (see fusion)
Nuclear waste

Nucleus

Ohm

Ohm’s Law

Oil (see petroleum)
Oil derrick
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Payback period
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Petroleum products
Petroleum refining
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Thermal energy
Thermal power plant
Transformer
Transmission lines
Transportation sector
Trucks

Turbine

U.S. Consumption
Underground mining
Uranium

Vertical-axis wind machine
Volt

Volta, Alessandro

Voltage

Waste-to-energy plant
Water cycle

Water heating

Watt

Watt-hour
Weatherization
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Wind

Wind farm

Wind production

Yucca Mountain
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American Electric Power Foundation
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