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Niagara Falls
To the Iroquois, 

Niagara Falls was 
“Thunder Water.”  

To daredevils it was 
a place to do stunts 

on tight-ropes and in 
barrels.  Newlyweds 

still flock there for 
honeymoons. Nearby 

cities thrive on the 
tourist money.  Today, 

much of the water is 
diverted to produce 
electricity; but the 
United States and 

Canada have agreed 
to keep enough water 

flowing over the 
falls to preserve the 

spectacle for tourists. 

Without energy, nothing happens. With 
energy, things start happening. An intricate web 
of energy connects everything. The sound of rain 
on the leaves, the sound of a waterfall, and the 
sound of a rock concert are all related. Here’s 
how . . .

The Sun shines on oceans, rivers, lakes, and 
sunbathers wet from a swim.  Water, absorbing 
the Sun’s energy, becomes vapor, and is carried 
by the wind. It returns to Earth as rain or snow.  
Some of it falls in sections of North America and 
drains through rivers and streams into the Great 
Lakes.  Each minute 379,000 tons of this water 
tumbles over Niagara Falls, dropping more than 
160 feet, accelerating by the force of gravity to 

Part I  What Is EnErgy?

nearly 70 mph.  The energy of this tumbling mass 
is transformed to heat and tremendous noise 
as the water crashes below. Tunnels upstream 
from the falls divert some of the water through 
powerful water turbines which drive some of 
the largest electrical generators in the world. 
Electricity flows through wires to supply the 
energy needs of millions of people, including those 
enjoying the sounds from a band’s amplifiers at 
a rock concert.  

All living things need energy for growth, 
reproduction, survival, and comfort. In channelling 
energy, each species changes its environment.  
Changes can happen quickly, as when a beaver’s 
dam turns a woodland valley into a pond.  Changes 

Chapter 1

1. how People Use Energy
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Energy Use Past and Present
Since the beginning of the Industrial Revolution more than 150 

years ago, the ways people use energy have changed, and the pace 
of change has increased.  We can easily divide the history of energy 
sources into three eras.

Question 1.1
Can you think of any advan-
tages that oil and gas have 
over coal that might account 
for the change?

Question 1.2
Any guesses what the pie 
chart on the next page will 
look like in the year 2030?    
How old will you be then?  

can be slower and more far-reaching, as when microbes on the shores of 
ancient oceans transformed our planet’s atmosphere from suffocating gases 
into the oxygen-rich air that supports life today.  Humans have the ability 
to rapidly and profoundly change the environment through their use of 
energy.

Our ways of channeling energy have important side effects. People 
who wash their clothes by the river bank and dry them in the Sun affect the 
environment differently from those who use electric washers and dryers.  
Thousands of morning commuters in cars affect the environment differently 
from people who go on foot. 

The standard of living of industrialized nations is built on a use of energy 
many times higher than that of the non-industrialized world, and many times 
higher than at any other time in history.  Side effects of this energy use include 
increases in air and water pollution, with associated health problems. Also, 
our current energy use produces large quantities of carbon dioxide which 
may bring about planet-wide climate changes from an increased greenhouse 
effect and global warming. 

Wood Era. Before 1850, wood was the dominant energy source.  
Trees were plentiful and cutting them provided fuel and cleared 
the land for farming and development.  Over the years, as more 
land was cleared, wood had to be transported farther, so it 
became expensive.  Today, many people prefer not to use wood 
for fuel because it is costly and wood smoke affects air quality 
more than other fuels.

Coal Era. In the 19th century, as the forests disappeared, 
wood was used less and less because a cheaper fuel became 
available—coal. Coal has several advantages over wood.  A 
trainload of coal provides a lot more energy than a train load 
of wood.  New manufacturing processes and the invention of 
steam-powered trains demanded high temperatures that coal 
could easily provide.  Mining technology made large quantities 
of coal available at lower prices.  

Oil and Gas Era.  Recently, oil and gas have 
replaced coal as the dominant energy 
source.  
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Information is from the U. S. Bureau of Mines and Federal Energy Administration. 
Adapted from Global Science, Christenson, Kendall/Hunt Publishing Company, 1991.

?

Each pie chart shows the major sources of energy in the United States  
for the years 1850, 1910, and 1970.

Sources of Energy at  
Various Times During Recent History

ELECTRIC
ELECTRIC

Four “snapshots” of energy use patterns in recent U.S. history.

In the past few decades other energy 
sources, including nuclear and hydroelectric 
power have been added to the energy source 
pie.  Hydroelectric power is the harnessing of the 
energy of rivers, such as at Niagara Falls. Nuclear 
power harnesses the energy stored within atoms. 
Nuclear power, aside from nuclear bombs,  is used 
to generate electricity.

For new material relating to this chapter, please see 
the GSS website “Staying Up To Date” page:   
http://lhs.berkeley.edu/gss/uptodate/9eu.html. We 
invite you to send us new articles for the "Staying 
Up To Date" web page for this chapter.  Articles may 
be from local newspapers, magazines, websites, or 
other sources that you think would be of interest to 
classrooms around the country. To send us articles 
please go to the link 
http://lhs.berkeley.edu/gss/uptodate/newarticle.html 
and find the "Submit New Article" button. 

http://lhs.berkeley.edu/gss/uptodate/newarticle.html
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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 Investigation

Recent History of Energy Use
“My grandfather used horses to plow his 

fields.  The hay and oats that powered those 
horses were the source of energy.  Now the same 
fields are plowed with tractors and we get our 
energy from gasoline.”

“People did not just hop on an airplane back 
then.  If it was more than a day's drive or more 
than overnight on a train, we just didn’t go.”

The memories of living people can show how 
rapidly energy use has changed in recent years.  
Even people 10 years older than you can probably 
tell you about new developments in energy use 
that have happened in their lifetimes.  

Today, the average person uses far more 
energy than that person’s grandparents used—and 
there are more people alive today than ever 
before.  Since we rely mostly on oil, coal, and 
gas, our energy use generates serious problems, 
including the following.

•  Pollution from burning fuel causes health 
problems.

•  Carbon dioxide from burning fuel contributes 
to global warming which is likely to affect the 
world’s climate system. 

•  The cost of fuel rises as it becomes scarcer, 
which can strain standards of living around the 
world as more money has to be devoted to pay 
for energy use.

Within your lifetime, the ways people use 
energy will have to change again, and you will 
help to make those choices.

We can help to limit our effects on the 
environment by learning how to use energy wisely.   
However, wisdom does not come from memorizing 
a few simple rules.  There will be many choices 
related to energy use in the future  —including 
some that we cannot even imagine today.  In 
order to acquire the wisdom to make the right 
choices, it will be important to learn about how 
people use energy now.  That’s what this book is 
all about. 

Find someone to interview.   It could be an 
older relative such as a parent, grandparent, aunt, 
or uncle.  It could be someone unrelated to you.  
Just be sure it is someone you can trust not to 
tell you a tall tale.  “When I was a lad we used to 
walk 20 miles to school in blinding snowstorms.  
Air conditioners?  Why in summer we fried eggs 
on the kitchen table tops.”

Topics to discuss during the interview that 
may help you find out about changing uses of 
energy are:

•  Cooking 

•  Communication 

•  Transportation 

•  Heating

•  Entertainment 

•  Business 

•  Vacations

Side Effects of Our Energy Use
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In order to make intelligent choices about energy it’s important 
to understand what energy is.  Surprisingly, energy is not easy to 
define; and you are likely to find different definitions in different 
textbooks.  A useful definition for energy is “that which makes things 
happen.”  Can you see energy?  Actually, all you can see is energy, 
because light itself is energy.  Our other senses (touch, hearing, taste, 
and smell) also depend on the interaction of energy with our bodies.  
Energy is a part of every moment of our experience.  See if you can 
apply this definition in the following investigation.

2. Energy Basics

  Investigation

Doing Work to Create Electricity

 Use magnets and coils of wire to investigate 
what kind of responses you can get from an 
electric meter. Your challenge is to arrange and 
rearrange the magnets and wires to generate as 
much electrical output as you can.

Materials
• magnet wire (24 gauge, 3 meters)

• wire clippers 

• sand paper

• iron rods 

• magnets

• electric meter  
(can be galvanometer,  
volt meter or ammeter)

Preparation
1. Cut a length of magnet wire about 3 meters long. 

Typical electric wire has a plastic insulation 
that can be stripped off at the ends so that 
you can make electrical connections. Magnet 
wire has a lacquer insulation on it that can be 
removed with sand paper. Fold a small piece of 
sand paper around one end of the magnet wire. 

P i n c h  i t 
firmly with 
one hand 
and  pu l l 
the  wi re 
out  w i th 
the other 
h a n d . 

Repeat this until the shiny pink copper 
is completely uncovered. Strip about 3 
centimeters off both ends of the wire.

Chapter 2
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2.  Make  a  co i l  w i th  your  w i re .  
Your team must make these decisions:

•  How many turns of wire will the coil 
have?  You are limited by the length 
of the wire.

•  How large will the coil be?  This 
decision may be influenced by the size 
and shape of the iron rods and the 
magnets that are available to you.

•  Will you wrap the coil around one or 
more iron rods, or will your coil have 
an open core?  To make an open-
core coil, wrap the wire around your 
fingers (loosely!), or another object, 
and then remove the coiled wire. 

•  Leave at least 20 centimeters of wire 
at each end of the coil.

3. Connect the ends of the coil to the 
electric meter.  The meter may be 
a galvanometer, a volt meter, or an 
ammeter

Strategies for Investigation
1. Move the coil and the magnet near each other.  

Watch the needle on the meter.  Movement of the 
needle indicates that electricity is flowing through 
the coil.  Try different ways of moving the coil to 
produce as much electricity (movement of the 
needle) as possible. What happens when the coil 
stops moving?

2. Sketch the arrangement of the coil and the magnet.  
Note where the poles of the magnet are and indicate 
how they were moving when the meter responded.  If 
your meter can indicate the direction of the current 
or whether the voltage was positive or negative, then 
note how that changed as you moved the magnet 
and coil. 

3. Share what worked and what did not work with other 
groups in your class.  Then try to increase the electric 
output of your system.  Decide with your team on 
one change to make in your coil or a change in the 
way you moved your coil and magnet.  Rebuild your 
coil and repeat the procedure to see if the meter 
responds differently.  Record your results and make 
a new sketch of your rebuilt system.

Results
Make a brief report on your generating system that 

includes all the sketches and meter readings.  Make sure 
your report answers these questions:

1. What kind of motions did you make with the coil and 
the magnet that caused the highest readings on the 
meter?

2.  If your meter sometimes gave a positive reading and 
sometimes a negative reading, that means the current 
changed the direction it was flowing through the wire.  Were you able to 
control which way the current flowed?

3.  How did the changes you made in the system during the experiment affect 
the electric output?

4.  Recall the definition of energy, where can you 
find energy in the system consisting of you, the 
coil of wire, the meter, and the magnet?



8 Global Systems Science Energy Use—Chapter 2: Energy Basics

Iron filings
Paper

Bar

When you pour iron filings on a piece of paper 
over a bar magnet, you can see the pattern of the 
magnet’s magnetic field.

Converting Motion Energy to Electrical Energy
A number of different answers are possible for where you can 

find energy in the system consisting of you, the coil, meter, and 
magnet.  Certainly there is energy in the movement of your hand.  
There must also be energy in the coil while it is being moved near 
the magnet, because it makes the needle in the meter move.  

In 1831, Michael Faraday connected  a loop of wire to an 
electric meter.  He noticed that the pointer on the electric meter 
jumped when he moved the coil of wire near a magnet, just as yours 
did in the previous activity.  This discovery led to the invention of 
the electric generator, which produces nearly all of the electricity 
that lights our cities and powers modern industry.

What happens inside the coil of wire when you move it near 
the magnet?  One way to think about what is happening is to 
visualize tiny particles—called electrons—that are free to move 
through the coil of wire.  The electrons are pushed and pulled by 
the magnet.  When these electrons move in the wire, they cause 
the needle in the meter to move.  The flow of electrons through 
the wire is electrical energy, or simply electricity.

Notice that neither the magnet nor the coil alone can produce 
electrical energy—it takes the movement of the coil by your hand 
to produce the electrical energy.  Motion energy is called kinetic 
energy.  In the previous activity you converted kinetic energy into 
electrical energy.

Let’s look inside an electric generator and see how it converts 
kinetic energy to useful electrical energy.  Keep in mind that 
although it looks complicated, an electrical generator works on 
the same principle as the system you already explored—you, the 
coil, meter, and magnet.

Inside an Electric Generator
Magnets turn up often in modern life.  You find them stuck 

to refrigerators, in telephones, televisions, motors, speakers, 
recording tape, credit cards, and bank cards.  Magnets seem to act 
like magic.  All magnets have North and South poles  that attract 
each other, but South poles repel South poles, and North poles 
repel North poles.

Scientists use the concept of a field to describe the force a 
magnet can exert in the space surrounding it.  A magnetic field is 
invisible, but flakes of iron around a magnet will line up to show 
the direction of the field lines.

Field of a Bar Magnet

N               S

Energy of motion = kinetic energy.
Image courtesy of 
www.wikipedia.org
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In order to get electrical power from the 
generator, the armature coil must be connected 
to cables.  There is one small difficulty.  The 
armature is always turning.  If the cables were 
connected directly to the armature coil they 
would get twisted very quickly.  Instead, the wires 
at the ends of the coil are connected to slip rings 
on the shaft of the armature.  The cables that 
carry current from the generator are connected 
to brushes that rub against the slip rings as the 
armature turns.  Can you find the slip rings and 
brushes on the diagram on this page? 

Question 2.1  Why is it important that the 
power to run the exciter coils be less than 
the power the generator produces?

You may be familiar with a small 
electric generator used on bicycles 
to power a light.  The generator is 
attached to the bicycle so that peddling 
turns not only the bicycle wheel, but 
also turns a coil of wire inside of a 
magnet.  The work of peddling the bike 
produces the electricity to power the 
light.  Here’s how it works.

Inside the generator, a magnet 
creates a strong magnetic field.  A coil 
of wire called the armature coil spins 
in the magnetic field.  As the wire 
moves through the field, the electrons 
in the wire are forced around the coil 
by the magnetic field.  During one half 
of a turn the electrons are pushed one 
way and during the other half of the 
turn the electrons are pushed the other 
way.  This pushing of electrons is how 
the generator produces electricity.

Electrical 
Power 
Output

Armature must be made to turn

An Electric Generator
It transforms mechanical energy  

to electrical energy

Cables

Brushes

Slip Rings

Armature CoilMagnet

The diagram of “An Electric Generator” is 
simplified to show the principles of a generator.  
Here are some ways a real generator is different 
from the one in the diagram.

• The diagram shows a single loop of wire 
in the armature coil.  In the coil of a real 
generator the wire is wrapped around many 
times.

• The armature coil in a real generator is also 
wrapped around a core of iron to intensify 
the magnetic field.

• The armatures of most large generators have 
more than one coil, each one in a different 
position.  That way one generator can act 
as several separate sources of electrical 
power.

• The magnet in a large generator is an 
electromagnet.  It consists of coils of wire, 
called exciter coils, to create a large magnet 
and the large magnetic field. 
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3. Bend each paper clip 
into a 90o angle.  
Notice that there is a 
longer side  
and a shorter side. 

4. Bend the open arm of 
the larger side up to 
make a loop. 

5. On the wood block, place the thumb tacks and paper clips as 
show in the “Electric Motor” drawing on the next page.

 Investigation

Using Electricity to Do Work

Enamel removed  
from top half

Enamel remains  
on bottom half

Sand top half only

Sand this end 
completely, top 
AND bottom

Coil of  
magnet wire

 In the Lab Investigation “Doing Work to Create Electricity,” you were 
generating electricity by moving a coil of wire near a magnet or moving 
the magnet near the coil.  The generator transforms kinetic energy (energy 
of motion) into  electrical energy.  Do you think you can make it work in 
reverse: force a coil to move by putting electricity into it?  That’s what an 
electric motor is!  It transforms electrical energy into kinetic energy.  See 
if you can make an electric motor with the same parts you used before, 
with the addition of a battery, some paper clips, and thumb tacks.

Materials
2 thumb tacks soft wood block (3" square x 1/2" deep) 

2 paper clips wood dowel (3/4" x 2" long)

magnet magnet wire (about 50 cm)  

6-volt battery 2 connecting wires  

1. Wrap the magnet wire 
around a dowel about 15 
turns leaving about 5 cm 
of wire on either end.  
Wrap each end around 
the coil two or three 
turns to hold it together. 2.  The copper wire has an enamel coating, and must be 

sanded to allow for an electrical connection.  Sand one 
arm completely around on all the sides. 
Sand the other arm only on the top. 

Strategies for Investigation
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7. When the coil is 
balanced, place the 
magnet underneath 
i t  between  the 
paper clips.  Attach 
a connecting wire 
to each battery 
terminal and then 
to each paper clip 
at the thumb tacks.  
Give the coil a spin, 
and watch it go!

6. Place the arms of the coil 
through the little loops of 
the paper clips.  Adjust the 
coil’s arms so that the coil 
is centered and balanced, 
as shown on the bottom 
half of this page.  Keep 
spinning the coil after each 
little adjustment until it 
spins freely.

Not 
balanced

Balanced Not 
balanced

Balanced

Not balanced

Balanced

    Side view

 If the motor does not work, here are a few things to check.

1) Make sure the coil’s arms are sanded where they touch the paper clips.

2) Make sure the coil is properly balanced.

3) Is the battery good?

4) Check all connections.

Battery

Connecting 
wire

Thumb tack

Coil
Magnet Paper clip

Paper clip

Thumb 
tack

Connecting 
wire

Wood block

Explanation
The motor is like a generator in reverse.  

Putting a current of electricity through the coil 
of wire makes it magnetic and it’s magnetic field 
pushes against the magnet under the coil, making 
the coil flip over.  The arm of the coil sanded 
on one side only is called the commutator.  The 
insulated side turns off the magnetism in the coil 
for half the turn, allowing the coil’s momentum 
to flip it around until the poles can repel each 
other again.  The process continues, and the 
coil will keep flipping as long as the battery is 
connected.End view

Top view 

Some Experiments to Try
Does the motor run faster if two magnets are placed on top 

of each other underneath the coil?  How about with one magnet 
above the coil and one below?
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Avoiding Confusion
We use a lot of energy-related terms in everyday 

language.  That sometimes makes it difficult to understand the 
precise way these words are used in science.  For example, 
compare the meaning of the terms work and power in these 
two sentences.  What is the different meaning of the word in 
each case?

(1) Leonardo’s painting “Mona Lisa” is such a magnificent 
work it has the power to move people to tears.

(2) The work of peddling the bike produces electricity to 
power a light.  

In sentence (1) we can figure out what the terms “work” 
and “power” mean from the context.  In sentence (2) the same 
terms have the following specific meanings:  

Work refers to the amount of energy 
expended when a force is exerted for a certain 
distance.  For example, twice as much work is 
done if you peddle your bike twice as far.  Twice as 
much work is also done if you push twice as hard 
on the peddles for the same certain distance.

Power is the speed, or rate, at which energy 
is converted from one form to another.  A ten-watt 
bulb in your bicycle headlight converts electricity 
into light energy twice as fast as a five-watt bulb.  
It is therefore important not to put too high a 
wattage bulb into your headlight, which will 
require more electricity to stay lit than a lower 
wattage bulb, so you don’t have to work so hard 
to keep it lit.

Energy is defined in this book as that which 
makes things happen.  Work is a kind of energy; 
so is light and electricity.

Kinetic energy is energy of motion.

Potential Energy is one more kind of energy 
you need to know.  Potential is another word that 
has different meanings in everyday language.  We 
can talk about someone’s potential—meaning what 
they could achieve.  In science, potential energy 
is stored energy.  There are many different kinds 
of potential energy.  When you pick up a stone you 
are increasing its potential (gravitational) energy.  
Let go and it turns into kinetic energy as it falls.  
Batteries hold potential chemical energy.  Connect 
the terminals of a battery with a wire and light 
bulb—you turn some of the battery’s potential 
(chemical) energy into heat and light energy.  In 
the next activity you’ll turn potential chemical 
energy into kinetic energy.
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AC/DC
When you measure the current from a 

battery, the reading on the meter remains 
steady. Electrons flow in one direction through 
the wires pushed by a steady force. That kind 
of current is called direct current or DC.

In the Lab Investigation “Doing Work 
to Create Electricity,” when you moved the 
wire in the field of a magnet, its position was 
changing and the current was rising and falling, 
or even reversing direction.  Producing DC with 
magnetism is a tricky job, but it is fairly simple 
to use magnetism to generate a current that 
alternates back and forth in a regular way.  This 
is called alternating current, or AC.

In an AC power system the electrons do 
not flow very far before they stop and flow the 
opposite way. Electric power from a standard 
outlet is AC in which the current reverses 
direction 60 times per second.

Conservation of Energy
Energy is never created or destroyed.  

When a battery runs down, people speak of 
energy being “used up,”  but “used up” energy 
has not disappeared.  It has been converted 
from one form of energy to another.  This is 
called the Law of Conservation of Energy.  This 
is one of the most important ideas in physics, 
and we will see it again later in this book.

Conclusion
When we use energy for our own purposes, 

we are really transforming energy from one 
form to another.  If we trace back these energy 
transformations to their sources, we find nearly 
all the energy people use to heat and light their 
homes, to run their cars, or produce the billions 
of products we use everyday, comes from stored 
chemical energy—energy stored in the ground 
for millions of years.  We’ll learn about these 
sources of energy, called “fossil fuels,” in the 
next chapter.

Image courtesy of www.wikipedia.org
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For each transformation, write down what form of 
 energy it is and what form of energy it becomes.

1.  A skateboarder rolls down a hill.

2.  A car fills up at a gas station and drives across country.

3.  An electric guitarist plays a D-flat minor chord at a rock concert.

4.  A group of people go to the top of the Empire State Building in an 
elevator.

5.  A girl throws a paper airplane.

6.  A kettle of water boils and whistles on a gas stove.

7.  A hydrogen bomb explodes.

8.  A fan runs on batteries.

9.  A flashlight shines down a dark tunnel.

10.  A building is demolished with  
carefully placed sticks of dynamite.

Investigation

 Energy Transformations
One of the major points of this chapter 

is that energy can take many different forms.  
Everyday we encounter situations in which one 
form of energy is being transformed into another 
form of energy.  Consider this sequence of energy 
transformations.  Energy arrives on Earth in the 
form of sunlight.  This light energy is converted 
to heat energy as it warms up water.  The heat 
causes evaporation and the water is lifted up into 
the atmosphere.  When the water is lifted into 
the air it gains potential gravitational energy.  
When it comes down, that energy is converted to 
kinetic energy of billions of individual raindrops.  

Try making up a few of your 
own energy transformation 
“action sentences” and 
challenge your fellow students 
to identify which form of 
energy changes into which 
other form of energy.

Those raindrops may join the river that flows 
over Niagara Falls.  Some of the kinetic energy 
of the water falling over the falls is converted 
to electrical energy in huge generators.  The 
electrical energy produced by the generators 
power the lights (giving off light and heat 
energy) some newlyweds use to see and eat 
their dinner.  As the newlyweds admire the falls 
during their honeymoon they are busy converting 
potential chemical energy from food from their 
dinner into thoughts (chemical energy), physical 
movement (kinetic energy), and body warmth 
(heat energy).

These are the forms of energy we have mentioned so far:

Heat Energy   Gravitational Energy     Electrical Energy

Light Energy  Chemical Energy     Potential Energy

Kinetic Energy  Nuclear Energy
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      Image courtesy of wikipedia.org

It was probably the work of human 
slaves that lifted the huge stones to build 
the great pyramids in Egypt.  The work that 
lifts a concrete slab to the top of a modern 
skyscraper may be done more humanely by a 
gasoline-powered crane, but it involves the 
same scientific principle:  Work is the product 
of force times distance. If we use the symbols 
F for force, D for distance, and W for work.  
The equation is:

W = F x D
To see how this equation is applied, 

imagine a stalled car and you are trying to 
push it to the side of the road.  The harder 
you push—the more force you exert—the more 
work you do.  The further you push the car—the 
greater the distance the car moves—the more 
work you do.  Oddly enough, however, if the car 
is too heavy, and no matter how hard you push 
you cannot get it to budge, the work done will 
be zero (W = F x 0 = 0).

In the case of a crane lifting a concrete 
slab, energy from the gasoline in the crane’s 
engine is transformed into potential (stored) 
energy of the concrete slab suspended at a 
great height.  Should the cable break, the 
potential energy would be converted to kinetic 
energy (motion) as the slab speeds toward the 
frightened workers below.

 
Question 2.2
What force would be doing the work on the 
slab as it falls? 

Energy and Work

How is energy related to work?  Remember, 
energy is “that which makes things happen.”  
Another common definition: 

“Energy is the ability to do work.” 

 Again, consider the stalled car.  If you 
don’t have enough chemical energy stored in 
your body to get the car moving, you could ask 
a passing truck to use its kinetic energy to do 
the work needed to get the car to the side of 
the road. 

A common unit of force is “pound.”  You 
have to exert five times as much force to lift 
a five-pound object as a one-pound object.  In 
science, the most common unit of force is the 
newton, in honor of Sir Isaac Newton who made 
important discoveries about gravity in the 17th 
century.  One newton is equivalent to a force 
of about .22 pounds. 
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Sample Problem

How much work does it take to lift a book 
from the floor to a shelf at a height of two 
meters, if the book weighs the equivalent of 
0.25 newtons? Solution:
W = F x D F = 0.25 newtons

D = 2 meters

W = (0.25 newtons) x (2 meters)

 = 0.5 newton-meter  = 0.5 joule
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The Nature of Electricity

In the formula for work, if force F is in newtons and 
distance D is in meters, then the units of work W is in 
“newton-meters.”  A newton-meter is also called a joule, 
named after James Prescott Joule, who was the first to 
show experimentally that work could be transformed into 
heat energy, and visa versa.

Work is done when an engine moves a car.  Work is 
done when the brakes stop the car.  Work is done when 
electrons are pushed through the filament of a light bulb.  
Is reading this page work?  Well, you could say “No,” since 
there is no force applied and the book remains stationary.  
On the other hand, reading and thinking do  involve work 
since they cause electrons to move in our brains.  

When you rub a balloon on your hair, 
particles that have a negative charge move from 
your hair to the balloon, and the balance of charge 
is no longer zero.  The balloon is now negatively 
charged.  What about your hair?  What kind of 
charge does it have?

Benjamin Franklin (1706–1790) was the first 
to apply the words “positive” and “negative” to 
electricity.  His work was mainly in the area of 
static electricity, the properties of charges that 
are not moving.  Static electric forces follow 
these rules: positive charges repel each other, 
negative charges repel each other, and positive 
and negative charges attract each other.  Electric 
force ranks as one of the basic forces in the 
universe, along with gravity and nuclear forces.

Static Electricity
More than 2,000 years ago, the Greek 

philosopher Thales (624-546 BC) wrote of how the 
substance amber attracted light objects when he 
rubbed it.  William Gilbert (1544–1603) discovered 
that a variety of other substances did the same 
thing.  He called these substances “electrics,” 
from the Greek word for amber, elektron. 

Have you ever rubbed a balloon on 
your hair so that it would stick to things?  If 
so, you were giving the balloon an electric 
charge. There are two opposite types of 
electric charge called positive and negative.  
Most matter is made of particles with positive 
and negative charges in equal amounts.  Equal 
amounts of positive and negative charge give a 
total charge of zero.  
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2.3  If 1 newton = .22 pounds, 
what is your weight in 
newtons?

2.4  How much work does 
it take for a newlywed 
husband to lift his bride 
one meter to carry her 
over the threshold of their 
new home, if the bride 
weights 500 newtons?

2.5  If an automobile has 
expended an amount 
of energy equivalent to 
1,200,000 joules of work, 
and to propel the car 
the engine is exerting a 
force of 600 newtons, how 
far has the automobile 
traveled?
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Soon after the time of Thales, the idea arose that if 
you cut a chunk of matter into smaller and smaller pieces 
you would reach a point where the pieces could no longer 
be cut.  Their word for such a small particle was atom, 
meaning “cannot be cut.”  Today, the word “atom” is still 
used for the smallest building blocks of elements, but 
atoms are made of even smaller pieces—
protons, neutrons, and electrons. 

Protons and electrons have equal and 
opposite charges, protons being positively 
charged and electrons being negatively 
charged.  Neutrons have no electric 
charge.  In each atom, the nucleus is made 
of protons and neutrons, and is fixed in a 
certain position.  Electrons are far lighter than protons and 
neutrons.  They surround the nucleus and can be pushed 
around more easily.

Particle            Charge
Proton            Positive(+)
Electron            Negative (-)
Neutron            No charge

Atoms and Their Charged Ingredients
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For new material relating to this chapter, please see 
the GSS website “Staying Up To Date” page:   
http://lhs.berkeley.edu/gss/uptodate/9eu.html. We 
invite you to send us new articles for the "Staying 
Up To Date" web page for this chapter.  Articles may 
be from local newspapers, magazines, websites, or 
other sources that you think would be of interest to 
classrooms around the country. To send us articles 
please go to the link 
http://lhs.berkeley.edu/gss/uptodate/newarticle.html 
and find the "Submit New Article" button. 

So What Is Electricity?
Quite simply, electricity is the movement of charged 

particles.  In most solids, it is the movement of the 
electrons that is electric current.

http://lhs.berkeley.edu/gss/uptodate/newarticle.html
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Next time you look at a blade of grass, think about this: without green plants 
none of us would survive.   In some cases, we eat plants directly to get the energy 
that is stored in them. In other cases, cows or pigs eat the plants, store the energy 
in their own tissue, and we get energy from them. In the end, all the fuel we burn 
to satisfy our bodies’ energy needs come from green plants.

And where do green plants get the energy to produce food?  The short answer 
is from the Sun.  Sunshine brings energy to our planet at the rate of 178 million 
billion watts.  About 0.06% of that energy falls on green plants, driving the process 
of photosynthesis, which converts the radiant energy of the Sun to the chemical 
energy stored in sugar molecules.  

In addition to fuel for our bodies, we also need fuel for heat, light, and 
transportation.  What have people throughout history burned for fuel?  Anything 
they could find!  Before 1750 the prevalent fuel was wood.  Where wood was hard 
to find or too precious as a building material, people burned the stubble left after 
harvest, bricks of dried peat, or even dried dung.  All of these fuel choices come 
from materials that were once alive.

Part II  EnErgy soUrCEs

Oil pump.  The energy beneath the semi-arid surface is evidence of an 
environment that was once rich with life. Photo courtesy Los Padres 
Forest Watch. 

When living material 
dies, its energy is usually 
released through slow decay or 
passed along through the food 
chain to other living things.  
Occasionally, geological 
processes intervene.  Silt 
may cover a swamp, trapping 
the energy of plants and 
animals beneath the ground.  
As the Earth’s surface shifts 
and buckles, pressure builds 
up on the organic material 
trapped in the crust.  After 
a few hundred million years 
these once-living materials 
turn into coal, oil, or natural 
gas—the fossil fuels. 

The fossil fuel age 
began in the second half 
of the 19th century, and 
continues to this day. 

Chapter 3

3. Fossil Fuels
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What Are Fossil Fuels?
There is no single explanation of how fossil 

fuels form.  In general, the remains of plants 
and animals were prevented from decaying by 
rising water or settling mud.  The remains may 
have settled in forests, swamps, or the sea floor.  
They may have been crushed under the weight 
of thousands of feet of rock or squeezed in the 
buckling layers of the Earth's crust.  They may 
have rested under the ground 10 million years 
or longer.  The history of a fossil fuel deposit 
determines the properties of the fuel and that 
in turn the way people use it.

Hydrocarbons 
Molecules composed of carbon and hydrogen 

atoms are called hydrocarbons.  Oil and natural 
gas are mixtures of hydrocarbon chains of various 
lengths.  In these molecules there are at least 
twice as many hydrogen atoms as carbon atoms.  
Each carbon atom can bond, or stick to as many 
as four other atoms.  Here are some simple 
hydrocarbon molecules with their chemical 
formulae.

Petroleum and Oil
Most hydrocarbon molecules are liquids at 

room temperature.  Liquid hydrocarbons are 
called petroleum.  Some, such as octane, are 
used as vehicle fuels.  Different length molecules 
produce different grades of fuel, such as gasoline, 
diesel, kerosene, and jet.  Still longer petroleum 
molecules form thick liquids, called oils, that are 
particularly good for lubrication in vehicles and 
machinery.  The longest molecules form heavy-
duty, nearly solid, substances such as paraffin 
(wax) or asphalt (used in paving roads.)

Hydrocarbon molecules are not flat and 
straight like chemical diagrams.  Can you tell 
which atoms are carbon and which are hydrogen 
in the pictures below?      

For the longer hydrocarbon chains the 
number of carbon atoms is used to name the 
molecule.  For example, in Greek, okto= 8, 
pente=5, and deka=10.  So, C8H18  is called  octane; 
while C15H32 is called pentadecane.

A chemical formula shows the number of atoms of 
each type in a molecule.  For example, CH4 has one 
atom of carbon (C) and four atoms of hydrogen (H).

Natural 
Gas

Hydroelectric

Solar

Wind

Nuclear

Oil

Coal

Question 3.1 
Of the energy sources shown here, 
which are fossil fuels?

octane
C8H18

pentane
C5H12

butane
C4H10

propane
C3H8

methane
CH4

ethane
C2H6
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Refineries such as this one (Sun Marcus Hook refinery in New Jersey) produce a wide 
range of products, including gasoline, kerosene, oils, and asphalt.  Refineries are usually 
located near ocean ports or pipelines where they can receive large quantities of crude 
petroleum, and send it off again after its refined, via ships called oil tankers.

Nature does not neatly sort hydrocarbons for us.  They 
are pumped from the ground in a mixture called crude oil.  A 
refinery separates the crude oil into mixtures of hydrocarbons 
that are about the same length.  In some cases long hydrocarbon 
chains are split into shorter ones.  Most of the refined products 
are used for fuel.  About half is gasoline.  Other refinery 
products are lubricating oil, waxes, and raw materials for 
plastics and medicines.

Question 3.3 
What would you call this molecule?  
What properties would this substance have?

A
B

C D

Question  3.2  
What are the names of the  
molecules shown here?

Natural Gas
The shortest hydrocarbon molecules (methane, ethane, propane, 

and butane) are gases—unless they are cooled or pressurized.  They 
are the components of natural gas.  Natural gas is often found in 

pockets above the deposits 
of crude oil.  In early oil 
drilling, natural gas was not 
considered to be useful, so it 
was simply burned as waste.  
Eventually, people learned 
that natural gas is one of 
the cleanest-burning fuels, 
with very few air pollutants, 
making it desirable for heating 
and cooking.  Now natural gas 
is captured and distributed 
through underground pipes in 
many regions of the country.  
The percentage of households 
using natural gas has increased 
dramatically over the past 
few decades, and natural gas 
has now replaced coal as the 
second most-used fuel in our 
society (after gasoline).



Energy Use—Chapter 3: Fossil Fuels  21

Effects of Fossil Fuel Production

Coal
Living material always has molecules rich 

in carbon and hydrogen, but fossil fuels are not 
always hydrocarbons.  In ancient swamps and 
flooded forests, plant material rested under 
water where there was little oxygen.  Anaerobic 
bacteria, which did not need oxygen, fed off 
these dead plants, converting some of the plant 
material into swamp gas—mainly methane.  The 
methane rising from the swamp carried away 
hydrogen, leaving behind mostly carbon, which 
eventually formed coal, a rock that burns.

Different classes of coal relate to age, 
hardness, and purity. Lignite and 
Subbituminous coal are the youngest 
and least pure. Bituminous coal is 
the most plentiful, most widely used, 
and produces a lot of pollutants when 
burned.  Anthracite is the hardest, 
purest, and least abundant type.  It 
makes almost no smoke when it burns. 

We all make mistakes. Some mistakes have 
more serious consequences than others. 

The accidental grounding of the Exxon Valdez 
off the coast of Alaska in March 1989 spilled more 
than 10 million gallons of crude oil into the water 
and onto the beaches.  The public was shocked.  
But what most people did not know is that oil spills 
are very common.  More than 2,600 oil tankers 
sail the world’s oceans.  During the year that 
followed the accident in Alaska, accidental oil 
spills of more than 10 thousand gallons occurred 
more than twice a week! 

The causes of oil spills are many.  The Exxon 
Valdez ran aground by human error.  Later that 
year an explosion set loose nearly 4,000,000 
gallons of oil in the Gulf of Mexico.  Lightning 
caused a spill of 3,000,000 gallons in Siberia.  
A collision between tankers dumped 3,000,000 
gallons into the Mediterranean Sea.  Bombing 
by guerrilla fighters dumped more than a million 
gallons of oil into Colombia’s waterways.  It was 
a typical year.

Pollution and oil spills are two hidden 
costs of our fossil-fuel-based system of energy 
production that are often ignored.  If the health 
and environmental costs were included in our fuel 
prices, gasoline would cost much more. 

Drilling and mining are messy operations that 
can pollute and scar the landscape.  Strip mining 
involves removing the surface rock from many 
acres of land.  This technique is a relatively safe 
and simple way to recover shallow coal deposits, 
and provides about half the coal for the United 
States.  At present, as required by law, coal mining 
operators attempt to restore the landscape.  
The resulting land may be suitable for farming 
or development.  Whether land reclamation can 
restore a wilderness area is still debated.

Question 3.4  
What hidden costs of fuel need to be 
determined to compute the actual cost 
of a gallon of gasoline? 

Coal was a key fuel used during the industrial revolution, 
powering steam engines and metal smelting furnaces in 
industry as well as steam locomotives for railroads.  One 
drawback of coal is the high level of impurities, which results 
in pollution when the coal is burned.  The other is that, as a 
solid, coal cannot be transported easily or through pipelines.  
One possible solution to both of these problems is to refine the 
coal and turn it into a synthetic hydrocarbon gas fuel.  This 
would add extra cost to the fuel and reduce its energy value, 
but the process of coal gasification is still being explored 
because of the possible environmental benefits.
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The story goes that Mr. -------- was 
angry when he heard this song.  He did 
not think it was fair that the workers, 
managers, and owners of the coal company 
be held responsible for the impact of strip 
mining.  His name is not printed here.  The 
argument over what is fair is not settled.  

What do you think?

Question 3.5
Who can fairly make 
the decisions about 
how coal is mined and 
where coal is mined? 

   Who should  pay the cost 
of land reclamation?

Oh Daddy, won’t you take me back to Muhlenburgh county, 
 Down by the Green River where Paradise lay.
I’m sorry, my son, but you’re too late in asking. 
 Mr --------’s coal train has hauled it away.   
        

  —from the song “Paradise” by John Prine

In a complete combustion, all carbon and hydrocarbon products are 
burned, producing just water and carbon dioxide, neither of which are 
toxic.  However, levels of carbon dioxide in the atmosphere are rising 
because of the combustion of fossil fuels.  Carbon dioxide is one of several 
gases in the atmosphere called greenhouse gases.  These gases hold heat 
in the atmosphere.  Increased levels of carbon dioxide from the burning of 
fossil fuels could increase the average global temperature in the coming 
decades, resulting in unpredictable climate changes.

Unfortunately combustion is rarely perfect, and unburned 
hydrocarbons, soot, and carbon monoxide (CO) are produced.  Nitrogen 
from the air enters the combustion reaction forming nitrous oxide (NO2).  
Nitrous oxide and carbon monoxide are toxic gases, key ingredients of 
smog.  Also, impurities in fuel result in other forms of air pollution, such 
as sulfur dioxide (SO2).  Sulfur dioxide and nitrous oxide combine with 
moisture in the air to cause acid rain.  

Various technologies can reduce the amount of pollution.  New cars 
have devices called catalytic converters to remove pollutants.  Factories 
and power plants that burn coal can install a smokestack “scrubber,” 
in which sulfur dioxide bonds to quicklime removing 50% to 90% of the 
sulphur dioxide before the waste gas is released into the air. 

Effects of Burning Fossil Fuels
When a fuel burns it combines with oxygen to produce 

heat.  This explosive chemical reaction is called combustion.  
The chemical equation below reads, “Carbon reacting with 
oxygen produces carbon dioxide and heat.”  

 C + O2  -->  CO2 + heat

Carbon combined with hydrogen (hydrocarbons) 
contains more energy than plain carbon, the main ingredient 
in coal.  Oil has more energy per unit volume than coal.  
Hydrocarbon combustion produces CO2, water, and heat.

 CH4 + 2O2  -->  CO2 + 2H2O + heat

A chemical equation shows 
how atoms are rearranged  
during a chemical reaction.  A 
number in front of a formula 
indicates the number of mol-
ecules.  So 2O2 means two 
molecules of oxygen, each of 
which has two oxygen atoms, 
for a total of four oxygen at-
oms.  Do the number of atoms 
present before a reaction 
equal the number of atoms 
present after the reaction?  
Following is a list of symbols 
used in the equations:
C  =  carbon
O2  =   oxygen
CO2 =   carbon dioxide
CH4 =   methane
--> =   produces
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This diagram shows the path of 
matter and energy in the system 
of fossil fuels.  Time scales in 
different parts of the picture vary 
dramatically.  Between the green plant and the fuel pump, 
where energy-rich molecules are transformed to the fuels 
we use, part of the process happens naturally and part of it 
is done by the work of people.  The natural part takes tens 
of millions of years to produce crude petroleum.  Changing 
crude petroleum into fuel takes only hours in a refinery.  The 
transformation of fuel into heat in a car takes seconds!  

Question 3.6 
Which one moves in a repeating cycle, matter or energy?  

Carbon Dioxide 
in the 

atmosphere

FUEl

COmbUStiOn
Energy Path
Carbon Path

Heat and 
Motion

GrEEn PlantS

Energy from 
Sunlight

Fossil Fuel “Cycle”

A Limited Resource
The graph of Fossil Fuel Use shows the 

“Fossil Fuel Age” as just a blip in the course 
of human civilization.  Throughout most of 
human history people did not use fossil fuels 
at all.  Now humans burn the equivalent of 
more than 50 billion barrels of oil a year, 
and the rate is increasing.  Since new fuels 
form very slowly, it is certain we will run out 
of fossil fuels if this continues, despite the 
global search for new fossil fuel deposits.  
The question is, “When?”

Fossil Fuel Use

If we continue to burn 
fuels at a rate of about 300 
quads a year, we will have 
fuel for at least 100 years.  
The table of Estimated Fossil 
Fuel Reserves shows the 
reserves for each fossil fuel.  
It assumes the rate of fuel 
consumption will not grow 
and no new reserves will be 
discovered.

 Past—Present—Future? 

  
Source:  Transition, 
Oregon State Office of 
Energy
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Question 3.8
In  your opinion are these 
assumptions valid—the rate of fuel 
consumption will not grow and no 
new reserves will be discovered?  

Question 3.9
What might happen in society when 
fossil fuel reserves run critically 
low? 

Question 3.10  
When and how should people plan 
for the transition from the Fossil 
Fuel Age to an age of other energy 
resources? 

  We usually think about the cost of fossil 
fuels in terms of how much it costs to buy a 
gallon of gasoline.  But there are other costs as 
well.  Mining, drilling, and transporting fossil fuels 
frequently disrupts habitats for plants and animals 
as well as for people.  Wars have been fought 
over energy-rich territory, such as the oil fields 
that lie near the borders of Iraq and Kuwait, or 
Equador and Peru.  Also, many people suffer from 
the effects of air pollution, and the long term use 
of fossil fuels is causing global warming.

Conclusion
We’ve found out what fossil fuels are, where 

they come from, how much fossil fuel is burned by 
people every year, and what effects that burning 
has on the environment.  We’ve also looked into 
the future to see how long we have before we 
must find alternative sources of energy.  Most of 
the energy we use in homes, schools, and offices 
is in the form of electricity.  Think, for a moment, 
about the ways you use electricity.

You come home from school.  Click, you flip 
on the light.  You get a bottle of juice from the 
refrigerator.  The refrigerator starts humming 
since the rush of warm room air  triggers the 
cooling circuits.  Beeps sound as you punch 
buttons on the microwave oven to pop popcorn.  
Click, you turn on the TV.  If it’s cold, the furnace 
comes on to warm the house.  Electric appliances 
make a big difference in your life.

Electricity typifies one of the main ideals of an 
energy-using society—convenience.  We do not need 
to trouble ourselves with fuels or matches when the 
flip of a switch turns on our lights.  Turn a knob and 
in minutes our food is hot.  No collecting wood or 
shoveling coal for us!

When we hear the words “industrial society” 
we often think of factories and heavy machinery, 
not something clean and neat like the electricity 
we use in our homes every day.  Yet electricity is a 
product of industry.  The industry that generates and 
distributes electricity continues to grow.

Where does the electricity in your home come 
from?  When you plug in a toaster, you know it’s 
somehow connected to an electric meter at your 
home or apartment building, and then to electrical 
transmission lines outside.  But where do the lines 
go?  How is the electricity generated in the first 
place?  In the next chapter, we will follow the lines 
all the way to the power plant and find out how 
electricity is generated to light and heat homes and 
businesses, and to run all the appliances we plug 
into our wall sockets.  You may be surprised at the 
source of most of our electricity.

Estimated Fossil Fuel Reserves 
(approximate quantities)

Fossil Energy  Quantity of Reserves Energy  Will last
Source   Content
        (quads)
COAL 1,000 billion tons 23,200  209 years*
OIL 1,000 billion barrels  5,300  45 years*
NATURAL GAS 3.7 trillion cubic feet  4,700  52 years*

* at the 1990 rate of consumption 
Source:  World Resources Institute, World Resources, Oxford University Press,1994.

Image courtesy of pdphotos.org
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How Much Energy?  

Question 3.7 
How many joules in: 
• one therm?           

• one barrel of oil?     

• one ton of coal       

• train?                     

• tanker?

Investigation

The international standard unit of energy is the joule.  Any amount of 
energy can be expressed in joules but sometimes it is helpful to use different 
units depending on the amount of energy, its origin, or its use.

Joule 
The energy it takes to accelerate a one-
kilogram mass at the rate of one meter per 
second over a distance of one meter.

Kilowatt-hour 
Enough energy to keep a 
100-watt light bulb going for 
10 hours.  An electric bill 
lists energy use in kilowatt-
hours.  
 1 kWh = 3,600,000 joules

Calorie 
The energy required to raise the 
temperature of one gram of water by one 
degree Fahrenheit.  1 cal = 4.2 joules.  
The energy content of food is measured in 
kilocalories (C) although they are usually 
called calories too.   
1 food Calorie = 1000 cal.

Btu 
British thermal unit.  One Btu is the energy 
required to raise the temperature of one 
pound of water by one degree Fahrenheit.   
1 kilowatt-hour = 3,411 Btu.   
1 Btu = 1,055.4 joules.

Therm 
100,000 Btu.  One therm is the energy in 
97 cubic feet of natural gas.   
A household gas bill is often listed in 
therms.  

Barrel 
Oil is measured by the barrel, 
which is 42 gallons.  Burning 
this oil would release about six 
million Btu.

Oil Tanker 
A typical oil tanker transports about three 
million barrels of oil.  There are currently 
more than 2,600 tankers on the world's 
oceans and waterways.

For new material relating to this chapter, please see the 
GSS website “Staying Up To Date” page:   
http://lhs.berkeley.edu/gss/uptodate/9eu.html. We invite 
you to send us new articles for the "Staying Up To Date" 
web page for this chapter.  Articles may be from local 
newspapers, magazines, websites, or other sources that 
you think would be of interest to classrooms around the 
country. To send us articles please go to the link 
http://lhs.berkeley.edu/gss/uptodate/newarticle.html and 
find the "Submit New Article" button. 

• one quad

• one coal

• a candy bar

• a typical oil     

Ton 
Coal is measured by the 
ton, which is 2000 lb.  
The energy in one ton 
of coal is equivalent to 
about four barrels of oil.

Coal Train 
An average coal train pulls about 100 cars, 
each of which contains about 
100 tons of coal.  A typical coal-
fired electric power plant needs 
deliveries from about four 
coal trains 
every day. 

Quad 
One quadrillion (1015 or 
1,000,000,000,000,000) Btu.  You must 
burn 170 million barrels of oil or about 40 
million tons of coal to get a quad.  Energy 
use in the United States is 60 to 70 quads 
each year.

http://lhs.berkeley.edu/gss/uptodate/newarticle.html
http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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Marty Hunt told us the power plant would be 
on the right, when we turn onto Tenth Street, and 
we couldn’t miss it.  There is no question we are 
headed in the right direction.  Steel towers loom 
over the countryside holding up power lines that 
are spread out in all directions across pastures 
and green hills. 

After getting our visitor’s passes at the gate, 
we drive past acres of fuel oil storage tanks.  At 
the power plant itself, seven smoke stacks, each 
well over 300 feet tall, rise from an immense box-
shaped tangle of pipes, duct work, and cables.  
From one of the stacks a cloud of white smoke 
tumbles upward, a mixture of water vapor and 
carbon dioxide. 

Mr. Hunt, a project manager at a power 
plant run by Pacific Gas and Electric in Pittsburg, 
California, meets us outside his office.  “This 
plant, like many electric power plants, has more 
than one generating unit, each with separate 
boilers, steam turbines and electric generators,” 
he tells us.  “The Pittsburg Plant is like seven 
power plants in one.  Each can burn either oil or 

Transmission Lines

Meter

Follow the electricity back to its source . . .

4. Field trip to a Power Plant

Appliance

natural gas, but natural gas is almost always used 
because it burns much more cleanly.”  Today only 
one unit is operating.

“It is a good day to look around.  A major 
overhaul of two of the units is in progress.  Some 
machinery is dismantled, giving a good opportunity 
for us to see the inner workings,” he said.  We put 
on hard-hats and begin the tour. 

We thread our way up several flights of 
outdoor staircases to the platform where the 
generators are being rebuilt.  The generator in a 
typical fossil fuel power plant is spun by a steam 
turbine. 

Fossil fuel is burned to boil water in a 
boiler, creating steam at a high temperature 
and pressure.  The steam from the boiler hits 
the fan-like blades of the turbine and causes it 
to turn.  This is where the heat from the burning 
fuel that went into the boiler gets converted to 
spin the generator.

The turbine works best when the pressure 
of the steam going in is as great as possible and 
the pressure of the steam going out is as small as 

Chapter 4
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Approaching the Pittsburg Power Plant. 
Notice the numerous cooling towers on the far left 
and the large oil tank on the right.

Substation

possible, Mr. Hunt said.  “In the newest and most 
efficient turbine at the Pittsburg Plant, the steam 
enters at a pressure of 3,500 psi [pounds per square 
inch] and at a temperature of 1,000 °F [more than 
500 °C].”

After the steam leaves the turbine it goes to 
the condenser to be cooled.  As steam condenses to 
liquid water it contracts, reducing the pressure on 
the output side of the turbine to a small fraction of 
the pressure on the intake side.

Generators

Power

Plants

Transmission Lines

Question 4.1
How many times greater is the 
steam pressure in the power plant?

Pressure
Psi stands for “pounds per square inch.”  
Right now on every square inch of your 
body the atmosphere is pushing with a 
force of about 15 p.s.i. 
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the inside of a steam turbine?  
This (above) looks like a steam turbine, but 
it actually is a pump.  Think of a pump and 
a turbine as the reverse of each other.  In a 
turbine, a fluid flows past the blades forcing 
them to turn.  In a pump, spinning blades force 
the fluid to flow.  The real turbine is encased in 
the housing shown in the photo below.

“Part of my job,” said 
Mr. Hunt, “is overseeing the 
rebuilding of the condensing 
system.  Cooling the steam 
for just one generating unit 
requires 2000 gallons of water 
every minute.  Enormous 
pumps pull the water in from 
the freshwater bay next to 
the power plant.  Elaborate 
moving screens filter out the 
larger bits of trash and natural 
debris.  This water is then 
sent to the condenser to soak 
up the heat from the ‘used’ 
steam.”

If this heated water were 
returned directly to the bay, 
its temperature would disrupt 
the ecosystem.  To avoid this thermal pollution, as it 
is called, the water goes through cooling towers which 
transfer heat to the air.  Cooling towers are a prominent 
feature of many steam powered electrical generating 
plants.  After passing through the cooling towers at the 
Pittsburg Plant, water goes through two miles of open 
channels before it reaches the bay.  Even so, the water 

is warmer than the natural 
temperature of the bay.  The 
warmth of the water, and the 
fact that the water contains 
the remains of small fish that 
have been sucked through the 
system, makes this part of the 
bay attractive to large fish.  It is 
a favorite spot for fishermen.

Mr. Hunt leads us through 
the unit that is operating today.  
Down at the level of the boilers 
we feel the heat as we peek at 
the flames through tiny windows.  
The heat is well contained.  The 
noise, mainly from fans, is loud.  
On the wall hangs a bin of ear 
plugs for workers who have to 
spend time here.
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Water Circulates in a Closed Loop in  
a Steam Generating Plant  

In the Boiler, water is heated to produce high pressure steam.  
In the Condenser the heat is removed to lower the pressure.  
The work of the power plant is done in the turbine by the steam that 

rushes from the high pressure boiler to low pressure condenser.  
The Pump feeds the water back into the boiler to begin the cycle again.  

ELECtrICaL
EnErgy
oUt

This pump pulls water out of the bay 
for condensing steam after it leaves the 
turbine.  Marty Hunt stands next to it 
so we can see the size of the pump.

Up above, where the generator is 
running, there is not much to see. It 
is completely hidden in its housing, 
but you can feel the vibration of the 
rapidly spinning mechanism.  The 
turbines, the generator, and a pump 
that pushes condensed water back 
to the boiler are aligned on a single 
shaft, which must turn at exactly 
3600 rpm (revolutions per minute) 
to maintain the AC electricity 
frequency of 60 cycles/second.  The 
electricity from the generators goes 
through high voltage transformers, 
in and out of acres of switching 
mechanisms, and then off across the 
countryside through power lines. 

Some of the electricity that is produced is used 
right at the power plant.  All the pumps, fans, generator 
exciter coils, and other miscellaneous electrical equipment 
needed to run each generating unit use several megawatts 
[a megawatt is a million watts].  “We are our own best 
customer,” Mr. Hunt said.

HIGH PRES-
SURE

LOW
PRESSURE

Hot Water Out

Cool Water In

Exhaust Out

Fuel In

Turbine

Condenser

Boiler

Pump

Question 4.2
Which is greater, 
the work the 
turbine does or the 
work needed to run 
the pump?  Why?
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Ron Franklin at the Control Panel

We step into the control room.  Three power plant 
operators are at their desks in front of panels full of 
switches and monitoring devices that stretch to the ceiling.  
Emergency warning lights are lit up on top of the control 
panels.  Fortunately, these lights have no significance today 
because this control room is for one of the units that is 
shut down.  Switches are tagged with labels declaring in 
bold print, “Man On Line,” so that those systems are not 
be activated from the control room while a worker, man 
or woman, is working on it outside.

When we ask what is involved in operating a power 
plant they joke, “You can see we do not need to dress up for 
the job.  Not like in the nuclear plants where they all wear 
neck ties.”  Ron Franklin, a senior control operator who 
has been at the plant for 21 years, said, “In all seriousness, 
this job is a challenge.  It takes a team to do it. 

“Even though much of the process is automatic, and 
some of the work is routine, we are dealing with materials 
at extreme pressures and temperatures, and equipment 
moving at rapid speeds generating many megawatts of 
electric power.  We are responsible for the safety of the 
equipment and the people who work on it twenty four 
hours a day.  

“When a steam pipe has a leak or a pump 
has stopped working the operators must keep the 
equipment from destroying itself and, if possible, 
keep the generator running at the same time.

“In addition to the control room for each 
generator there is a system control room for all 
the power plants in each region of the power grid.  
We get messages from the system control room in 
San Francisco about how the grid is operating and 
how much power is needed from our generator. 

“I remember the time in 1989 when we lost 
contact with San Francisco.  We didn’t need any 
message to tell us that there was an earthquake.  
Besides the usual bumping and bouncing we had 
the added effect of shifting I-beams and swaying 
smoke stacks.  There was no major damage at 
the plant, but power lines were down everywhere 
and electric current stopped flowing.  When the 
current stopped flowing the load on the generator 
went down and the driving energy of the steam 
turbine made it spin faster.  As the shaking settled 
after the quake the generator frequency rose 
up above the usual 60 cycles per second.  Even 
though we were out of contact with the system 
operators in San Francisco, we figured out what 
was happening and decided what to do.”
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As we drive home, power lines stretch along the 
highway beside us.  Perhaps they were the ones that carry 
electricity to the substation in our neighborhood.  We 
left behind a system engineered to provide more than 
2,000 megawatts of electricity.  When it was built about 
50 years ago it produced only a third as much.  As people 
demanded more, additions and improvements were made.  
We expect additions to continue, especially outside the 
United States.  Demand for power abroad is expected to 
grow 10 times faster than here.  In China alone the use of 
electricity is expected to grow by 15,000 megawatts per 
year.  That is like opening seven additional Pittsburg power 
plants every year.  

The Pittsburg Plant, like many others, is a fossil fuel 
burning plant.  We wonder how many future power plants 
the Earth can provide fuel to run?  We stop for gas—our 
tank is low.

A worker at the armature of a 
multi-megawatt generator
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A Survey Of Power Plants
Electric power flows into the grid from a 

variety of different kinds of power plants. Each 
kind has its advantages and disadvantages.  As 
you learn about each kind consider the following 
questions.

•  What is the source of the energy that 
feeds the power plant? 

•  What energy transformations occur 
between the power source and the 
output of electrical energy?

• Is the energy source renewable?  
(An energy source is said to be renewable 
if it can be replenished at least as fast as 
it is used.) 

Find these items in the Photograph:
1.  Generating Units 

(which include the turbine, 
generator,  
and the boiler feed pump)

2.  Transformers
3.  Smoke Stacks
4.  Oil Storage Tank

•  Fossil-fuel power plants 
are the main source of acid 
rain.

•  Fossil fuels are a nonre-
newable energy source. 
Current reserves will be 
gone long before new ones 
are formed .

•  Fossil fuel power plants 
are major contributors of 
“greenhouse gases” to our 
atmosphere—40% of the 
carbon dioxide added to 
the atmosphere comes from 
fossil fuel power plants. 

Fossil Fuel Power Plants 
In the United States, 2,110 power plants burn 

fossil fuels (coal, oil, and natural gas) generating 
about 73% of the nation’s electrical energy. Most 
of the plants use steam to drive the turbines, 
like the one in Pittsburg, California.  Some of 
the plants use the hot gases from combustion of 
fuel to turn the turbine directly, and a smaller 
number use large internal combustion engines, 
like those that run cars and trucks, to turn the 
generators. 

The main advantage of fossil fuel power 
plants is that daily operating costs are relatively 
low.  So many have been built that engineers 
have learned to construct them so they are very 
efficient.  Some of the disadvantages are:

• They emit pollutants such as nitrous 
oxide and sulfur dioxide.

•  Mining coal and drilling for oil and gas 
are expensive, dangerous, and often 
injurious to the environment.

• Transportation of oil has resulted in 
hundreds of accidental oil spills.

All these disadvantages 
are “hidden costs” that 
make it difficult to assess the 
real costs of electricity. 

Question 4.3
What is the ultimate source of the energy that 
feeds a fossil fuel power plant?  
[ Hint: It’s not the fossil fuel!]

Question 4.4
What energy transformations occur between 
that ultimate power source and the output of 
electrical energy?



Energy Use—Chapter 4: Field Trip to a Power Plant  33

Nuclear Power Plants
In December 1993, the total number of nuclear power 

plants in the United States was 109, collectively producing 
610 billion kW-hrs of electricity. As of 2004, nuclear power 
plants were producing about 20% of electric power in the 
United States.  They are fueled by enriched uranium.  In 
nuclear fission, the nucleus of a uranium atom becomes 
unstable and splits into two smaller nuclei.  That splitting 
produces heat.  The heat boils water to drive steam 
turbines.

In normal operation, nuclear power plants do not emit 
air pollutants or greenhouse gases.  Very small quantities 
of fuel can produce large amounts of energy.  Energy 
analysts weigh these advantages against the following 
disadvantages.

•   Uranium is a nonrenewable fuel.

•   Thousands of tons of highly radioactive waste is 
left over and stored in containers.  The radioactive 
waste will remain dangerously radioactive for many 
thousands of years and must be stored in safe 
waste storage facilities for those long time periods.  
However, no “permanent storage solution” has been 
accepted. 

nuclear Power Plant at Diablo Canyon, California  
Energy comes from a fission reaction that breaks the bonds holding 
the nucleus of atoms together.  That nuclear reaction releases a 
tremendous amount of heat, which heats water in the dome-shaped 
containment buildings. 

•   Accidents can have widespread 
repercussions.  In the former Soviet 
Union, the Chernobyl nuclear power 
plant exploded, spreading radioactive 
material into the air eventually killing 
and injuring many people.  In the 
United States, a serious accident was 
narrowly averted at the Three Mile 
Island nuclear plant in Pennsylvania. 

•  Waste ores from uranium mines 
present a health hazard.

•   Nuclear power plants are costly, 
and insurance companies will 
not insure them because the 
consequences of accidents are 
so severe. 

•   A nuclear plant operates for 30 
to 50 years, and then it must be 
shut down (decommissioned).  
Decommissioning a nuclear 
power plant is very costly, since 
many components are highly 
radioactive.

No new nuclear power plants 
are planned for the United States, 
however Japan and some countries 
in Western Europe depend heavily on 
nuclear power.

Question 4.5
What is the ultimate source of the 
energy in nuclear power plants?

Question 4.6
What energy transformations 
occur in nuclear power plant?
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the Geysers Geothermal Plant in California.  There are no smokestacks 
at this plant.  Notice the mist rising from the cooling towers.  Photo courtesy 
PG&E.

Geothermal Power Plants
Anyone who has seen pictures of lava flowing out of 

volcanoes is aware that the interior of our planet is hot enough 
to melt rocks.  This heat comes from naturally occurring 
minerals, such as uranium, which consist of atoms that break 
down, or decay.  When these atoms decay they are changed 
into lighter elements and they release heat.  In some places the 
molten rock comes fairly close to the surface, but not so close 
that it erupts as a volcano.  However, it may heat groundwater 
creating hot fountains of water called geysers.  These are good 
sites for geothermal power plants.

Power plants that use the naturally occurring heat within 
the Earth to drive steam turbines are called geothermal power 
plants.  Geothermal energy is a very clean energy source when 
compared with either fossil fuel or nuclear power.  There are a 
number of sites especially suitable for this, including areas of 
Northern California, Wyoming, Hawaii, New Zealand, Japan, 
and Iceland. 

Hawaii is an excellent candidate for geothermal power 
production.  On the Big Island, where there are active 
volcanoes, a geothermal project is underway.  However, local 
opposition to this project believes the geothermal plant is an 
unacceptable intrusion into the local ecology as well as an 
insult to Pele, the goddess of volcanoes.  Nearby inhabitants 
say toxic fumes are vented and make them sick. 

Question 4.7
What is the ultimate 
source of the energy in 
geothermal power plants?

Question 4.8 
What energy 
transformations occur in 
geothermal plants?

A major advantage of 
geothermal energy is the 
magnitude of the energy 
source.  The Earth has a 
tremendous amount of heat 
in it and our use of that 
energy is limited only by the 
technology we can devise to 
tap it. 

Though the source is 
large, it is also unreliable.  
As steam is drawn from the 
ground, and as the surface of 
the Earth goes through natural 
changes, the energy available 
at a particular geothermal 
site can drop.  The largest 
geothermal plant in the world 
is at Geysers in Northern 
California.  It originally had 
a generating capacity of 500 
megawatts, but currently 
operates at only 60% of that 
level.
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In a solar-thermal power plant, sunlight is 
reflected by a field of many large mirrors, and 
concentrated onto a tank of molten salt.  The heat 
of the molten salt is used to boil water and produce 
steam, which turns a turbine for production of 
electricity.  The mirrors are controlled by computers 
so they track the Sun along its path across the sky.  
Solar-thermal power plants have the advantage of 
being clean energy sources with no fuel costs.  The 
source is considered renewable because sunshine is 
not depleted. 

The main disadvantage of solar-thermal 
electric power is that the energy must be stored or 
backup systems employed for times when the sun is 
not shining—at night and on cloudy days.  Possible 
storage systems include storage batteries, pumping 
water from a low reservoir to a high reservoir 
for later use with a hydroelectric generator, and 
production of hydrogen for later use in a fuel burning 
power plant. 

Solar One Electric Power  
Plant near barstow, 

California.

Question 4.9
What is the ultimate source of 
the energy for solar-thermal 
electric power plants?

Question 4.10 
What energy transformations 
occur in solar-thermal electric 
power plants?

Solar-Thermal Electric Power Plants
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Efficiency is a measure of what you 
get out for what you put in.

Thermoelectric Plants
All the power plants described so far depend on 

the direct use of heat. In each of the power plants 
we’ve seen, heat, converted to work in a turbine, 
drives the generator.  Such power plants are called 
thermoelectric power plants.  Fully understanding 
these power plants requires some knowledge of 
thermodynamics—the study of heat and work.

You will find out more about thermodynamics 
in chapter 8.  For now, there are just two things you 
need to know.

1. Converting heat to work in most thermoelectric 
power plants is only about 30% efficient.  That 
means that 70% of the heat is not converted to 
electricity.  The wasted heat is carried away 
by hot water from the condenser.

2. The inefficiency of a thermoelectric power 
plant is not because of poor design.  According 
to the laws of thermodynamics, the process of 
doing work with heat must be inefficient.  It 
takes a good design to reach the 30% range.

Not every power plant is limited to 30% 
efficiency by the laws of thermodynamics.  On the 
following pages are descriptions of some power 
plants that are not thermoelectric.

Efficiency = 100% x
useful work

energy used
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Hydroelectric Power Plant 
The building houses the water 

turbines and generators.  
Water comes through the 

pipes from a reservoir high 
up the mountain side.  It 

is the difference in altitude 
between the reservoir and the 

turbines that give the water 
its potential energy.  Photo 

courtesy of PG&E.

A hydroelectric plant uses the force of gravity acting on 
water to drive its generators. 

There are currently 1,253 hydroelectric power plants in this 
country, located along major rivers. Together, they produce about 
12% of our nation’s electrical energy.  The most efficient systems 
are large dams that create deep reservoirs of water.  High water 
pressure is ideal for driving water turbines. Hydroelectricity 
is a clean energy source in terms of pollution. It is relatively 
inexpensive, and requires no fuel because its ultimate source 
is the Sun, which drives the water cycle that fills reservoirs.  
Disadvantages include:

•  Large tracts of land must be submerged under reservoirs, 
destroying sections of land ecosystems, disrupting the life 
cycle of fish and aquatic ecosystems.

•  Reservoirs fill up with silt carried by river currents.  The 
lifetime of a typical hydroelectric plant is 50 years until 
the reservoir is too full of silt to be useful. 

Hydroelectric power plants have already been built at nearly 
all of the suitable sites.  The few potential sites that remain are 
controversial because they involve the flooding of wilderness 
areas.  Consequently, it is not likely that any new hydroelectric 
power planets will be built in the United States.

Hydroelectric Power Plants

Question 4.11
What is the ultimate 
source of the energy in 
hydroelectric power plants?

Question 4.12
What energy 
transformations occur in a 
hydroelectric power plant?
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Wind turbines. 
One of three huge 

“wind farms” 
located in gaps 
in California’s 

mountain ranges 
along Interstate 10 

near Whitewater, 
California.

Wind Generators 
Hundreds of years ago, wind power was used to turn 

grain grinding mills.  When you drive by old farms and 
ranches, you often see old-style windmills that were used to 
pump precious water for irrigation.  Most modern windmills 
are being used to generate electricity.  For wind machines 
to generate significant amounts of electricity, the wind must 
be at least 20 miles per hour.  It is wise to conduct detailed 
wind surveys of a site to determine annual wind variations, 
before deciding to install wind electric generators.

Disadvantages of wind power include:

• Birds can be killed by spinning wind turbines.

• People living nearby may object to the noise and 
appearance of wind turbines. 

• Even at windy sites, wind is an intermittent event, 
so wind electric generators alone cannot provide all 
our electrical needs.  Either the generators must be 
linked into a public utility to supplement other electric 
power sources, or the wind generators must have their 
own system of storing electricity for use when there 
is no wind.  Storage systems such as those used with 
solar-thermal electric power can be used to store 
electricity from wind generators.

The main advantages to wind electric power generation 
are that it does not pollute the air or water, and has no 
fuel costs.

Question 4.13
What is the ultimate 
source of the energy 
in wind generator 
systems?

Question 4.14
What energy 
transformations occur 
in wind generator 
systems?



Energy Use—Chapter 4: Field Trip to a Power Plant  39

Question 4.15 
What is the difference if gas is burned in your 
furnace or in some electric power plant?”

  What are the pros and cons of each of the three ways 
to heat a home with natural gas? 

Investigation

Home Heating Dilemma
“Mom, Dad, the newspaper has this great 

article about natural gas.  It’s clean and it’s cheap, 
and it might be getting cheaper.  I think we should 
get rid of our electric heating system and switch 
to natural gas.”

“Hold on!” said Mom.  “Didn't you know 
that the electric power in this area comes almost 
entirely from natural gas?  There is no need to 
switch.”

“That's right,” added Dad.  “What’s the 
difference whether the gas is burned in our 
furnace or in some electric power plant?”

1. Burn it in a furnace in your house.  You will 
either have it delivered through a pipeline 
or have containers delivered as needed to 
your home.

2. Have the utility company burn the gas 
and convert about 30% of the energy to 
electricity that will come to your home 
conveniently through the electric power 
lines to an electric heater.

3. Move into a neighborhood where a gas-
burning power plant is to be built, and where 
there is a plan to pipe hot water from the 
condenser into nearby homes where it can 
be used for home heating.
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 Investigation

The Future of Electric Power Production
Question 4.14  
What percent of electrical power in this country is 
from burning fossil fuels?   
How do you think the percentages of different plants 
will change in 50 or 100 years?   
Why?  

Question 4.15  
Imagine a developing nation, such as China, hired you 
to advise them on what types of power plants they 
should build to provide their citizens with lights, TVs, 
and other modern conveniences.  What kind(s) of 
power plants would you recommend?   
Why?

    

Fossil Fuel (Coal)            1,198         325,001  43.3% 

Fossil Fuel (Gas)            2,148         147,260  19.6% 

Fossil Fuel (Petroleum)               3,321          76,511  10% 

Hydroelectric            3,352           73,202  9.7% 

Hydro Pumped Storage               141           18,669  2.4% 

Nuclear               107         107,632  14.3% 

Geothermal                27             1,746 0.2% 

Solar                11                    5  less than 1% 

Wind                19                  14  less than 1% 

Wood                  8               261 less than 1% 

Total         10,332         750,301  100% 

Number of 
Power Plants 

Megawatts 
of Power 

Percentage 
of Power 

Source:  Energy Information 
Administration of U.S. Dept. of 
Energy, 1998 data. 
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Conclusion
The size of the U.S. electrical power 

industry is vast: 6,667 operating fossil-
fuel plants; 3,352 hydroelectric plants; 
107 nuclear power plants—plus all the 
substations and connecting power lines.  
The costs for running and maintaining this 
industry is about $200 billion per year.  The 
impact of this industry on the environment 
is immense.  But power plants are only part 
of the picture.  How we get the electrical 
energy from the power plant to your home 
is the subject of the next chapter.

For new material relating to this chapter, please see 
the GSS website “Staying Up To Date” page:   
http://lhs.berkeley.edu/gss/uptodate/9eu.html. We 
invite you to send us new articles for the "Staying 
Up To Date" web page for this chapter.  Articles may 
be from local newspapers, magazines, websites, or 
other sources that you think would be of interest to 
classrooms around the country. To send us articles 
please go to the link 
http://lhs.berkeley.edu/gss/uptodate/newarticle.html 
and find the "Submit New Article" button. 

Fossil Fuel
(Coal)Fossil 

Fuel
(Petroleum)

Hydroeectric

nuclear
Fossil Fuel

(Gas)

http://lhs.berkeley.edu/gss/uptodate/newarticle.html
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