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PRE-READING ACTIVITY

Booklet
Before you
read this chap-
ter, create the

FoldNote entitled “Booklet”
described in the Reading and
Study Skills section of the
Appendix. Label each page of
the booklet with a main idea
from the chapter. As you
read the chapter, write what
you learn about 
each main idea 
on the appropri-
ate page of the
booklet.

At this petroleum refinery in
Germany, crude oil pumped from the
Earth is changed into fuels, such aas
gasoline, and other products.
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Section 1 467

How does a sunny day 200 million years ago relate to your life
today? Chances are that if you traveled to school today or used a
product made of plastic, you used some of the energy from sun-
light that fell on Earth several hundred million years ago. Life as
we know it would be very different without the fuels or products
formed from plants and animals that lived alongside the dinosaurs. 

The fuels we use to run cars, ships, planes, and factories and to
produce electricity are natural resources. Most of the energy we
use comes from a group of natural resources called fossil fuels.

are the remains of ancient organisms that changed into
coal, oil, or natural gas. Fossil fuels are central to life in modern
societies, yet there are two main problems with fossil fuels. First,
the supply of fossil fuels is limited. Second, obtaining and using
them causes environmental problems. In the 21st century, societies
will continue to explore alternatives to fossil fuels but will also
focus on developing more-efficient ways to use these fuels.

Fuels for Different Uses
Fuels are used for five main purposes: for cooking, transportation,
manufacturing, heating and cooling buildings, and generating elec-
tricity to run machines and appliances. The suitability of a fuel for
each application depends on the fuel’s energy content, cost, avail-
ability, and safety, and the byproducts of the fuel’s use. For exam-
ple, it is hard to imagine an airplane, such as the one shown in
Figure 1, running on coal. Although coal is readily available and
inexpensive, to power an airplane using coal would require hun-
dreds of tons of coal. Likewise, the people shown around the
campfire are not warming themselves by burning airplane fuel,
they are burning wood, which is a perfect fuel for their needs.

Fossil fuels

Objectives

� List five factors that influence the
value of a fuel. 

� Explain how fuels are used to gen-
erate electricity in an electric
power plant.

� Identify patterns of energy con-
sumption and production in the
world and in the United States.

� Explain how fossil fuels form and
how they are used. 

� Compare the advantages and dis-
advantages of fossil-fuel use.

� List three factors that influence pre-
dictions of fossil-fuel production.

Key Terms
fossil fuels
electric generator
petroleum
oil reserves

S E C T I O N 1

Energy Resources and Fossil Fuels

Figure 1 � Different Fuels,
Different Purposes The airplane
(left) is being refueled with a highly
refined liquid fuel. Airplane fuel must
have a high ratio of energy to
weight. The campers (below) are
keeping warm by burning wood in
an open fire.

EARTH SCIENCE              CONNECTION
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Electricity—Power on Demand
The energy in fuels is often converted into electrical energy in
order to power machines, because electricity is more convenient
to use. Computers, for example, run on electricity rather than oil.
Electricity can be transported quickly across great distances, such
as an entire state, or across tiny distances, such as inside a com-
puter chip. The electricity that powers the lights in your school
was generated in a power plant and then carried to users through
a distribution grid like the one shown in Figure 2. Two disadvan-
tages of electricity are that it is difficult to store and other energy
sources have to be used to generate it.

How Is Electricity Generated? An is a
machine that converts mechanical energy, or motion, into electri-
cal energy. Generators produce electrical energy by moving an
electrically conductive material within a magnetic field. Most
commercial electric generators convert the movement of a turbine
into electrical energy, as shown in Figure 3. A turbine is a wheel
that changes the force of a moving gas or liquid into energy that
can do work. In most power plants, water is boiled to produce
the steam that turns the turbine. The water is heated by burning
a fuel in coal-fired and gas-fired plants or is heated from the 
fission of uranium in nuclear plants. The turbine spins a genera-
tor to produce electricity. 

electric generator

468 Chapter 17 Nonrenewable Energy

Figure 2 � These pylons and wires
are part of an electricity distribution
grid in upstate New York.

Figure 3 � How a Coal-Fired Power Plant Works
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Energy Use
Every product requires energy to produce. And the price of most
products and services that you use reflects the cost of energy.
Buying a plane ticket, for example, includes the cost of the fuel.

World Patterns People in developed societies use much more
energy than people in developing countries do. However, energy
use in some developing countries is growing rapidly. Even within
the developed world there are striking differences in energy use.
For example, Figure 4 shows that a person in Canada or the
United States uses more than twice as much energy as a person in
Japan or Switzerland does. Yet personal income in Japan and
Switzerland is higher than personal income in Canada and the
United States. One reason for this difference lies in how energy 
is generated and used in those countries.

Energy Use in the United States The United States uses more
energy per person than any other country in the world except
Canada and the United Arab Emirates. Part of the reason that the
United States uses so much energy is that, as Figure 5 shows, the
United States uses more than 25 percent of its energy resources to
transport goods and people, mainly by trucks and personal vehicles.
In contrast, Japan and Switzerland have extensive rail systems and
they are relatively small, compact countries. The availability and
cost of fuels also influence fuel use. Residents of the United States
and Canada enjoy some of the lowest gasoline taxes in the world.
There is little incentive to conserve gasoline when its cost is so low.
Japan and Switzerland, which have minimal fossil-fuel resources,
supplement a greater percentage of their energy needs with other
energy sources, such as hydroelectric or nuclear power. 

Give two reasons why the United States uses more
energy per person compared with most other countries. (See the
Appendix for answers to Reading Checks.)

■●✓  Reading Check
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Energy Consumption per Person by Country, 1990 and 2003
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Figure 4 � During this fourteen-year
period, energy use per person stayed
about the same in Switzerland and in
the United States. Energy use per
person in South Korea increased by
almost 50 percent.

How Energy Is Used
in the United States

Residential
19%

Commercial
16%

Transportation
27%

Industrial
38%

Source: International Energy Agency.

Figure 5 � This graph shows the
percentages of total energy use in the
United States for different purposes. 

QuickLAB
GGenerating
Electricity

Procedure
1. Tightly wrap 100 cm of fine-

gauge copper wire around a
small cardboard tube.

2. Attach a galvanometer or a
battery tester to the ends of
the wire.

3. Pass a bar magnet through the
cardboard tube, and observe
the galvanometer. 

Analysis
1. What did you observe?
2. How could you increase the

current you detected? 
3. How does this lab model an

electric power plant? 
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How Fossil-Fuel Deposits Form
Fossil fuels are not distributed evenly, as shown in Figure 6. For
example, why is there an abundance of oil in Texas and Alaska
but very little in Maine? Why does the eastern United States 
produce so much coal? The answers to these questions lie in the
geologic history of the areas. 

Coal Formation Coal forms from the remains of plants that lived
in swamps hundreds of millions of years ago. Much of the coal in
the eastern United States formed about 320 million to 300 million
years ago, when vast areas of swampland covered the eastern
United States. As ocean levels rose and fell, these swamps were
repeatedly covered with sediment. Layers of sediment compressed
the plant remains, and heat and pressure within the Earth’s crust
caused coal to form. Coal deposits in the western United States
also formed from ancient swamps, but those deposits are much
younger. The abundant coal deposits in states such as Wyoming
formed between 100 million and 40 million years ago.

Oil and Natural Gas Formation Oil and natural gas result from
the decay of tiny marine organisms that accumulated on the bot-
tom of the ocean millions of years ago. After these remains were
buried by sediments, they were heated until they became com-
plex energy-rich carbon-based molecules. Over time, the mole-
cules migrated into the porous rocks that now contain them.
Much of the oil and natural gas in the United States is located in
Alaska, Texas, California, and the Gulf of Mexico.

470 Chapter 17 Nonrenewable Energy

Figure 6 � This map shows coal, oil,
and natural gas deposits in the
United States.

Chain-of-
Events Chart

Create the Graphic Organizer
entitled “Chain-of-Events Chart”
described in the Appen-
dix. Then, fill in the chart 
with details about each 
step of the formation of 
fossil fuels.

 www.scilinks.org
Topic: Fossil Fuels
Code: HE80614
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Coal
Most of the world’s fossil-fuel reserves are made up of coal. Asia
and North America are particularly rich in coal deposits, as shown
in Figure 7. Two major advantages of coal are that it is relatively
inexpensive and that it needs little refining after it has been mined.
About half of the electricity generated in the United States comes
from coal-fired power plants, as shown in Figure 8.

Coal Mining and the Environment The environmental effects of
coal mining vary. Underground mines can have a minimal effect
on the environment at the surface. However, surface coal-mining
operations sometimes remove the top of an entire mountain to
reach the coal deposit. In addition, if waste rock from coal mines
is not properly contained, toxic chemicals can leach into nearby
streams. A lot of research focuses on developing better methods
of locating the most productive, clean-burning coal deposits and
developing less damaging methods of mining coal.

Air Pollution The quality of coal varies. Higher-
grade coals, such as bituminous coal, produce more
heat and less pollution than a lower-grade coal, such
as lignite. Sulfur, which is found in all grades of coal,
can be a major source of pollution when coal is
burned. When high-sulfur, low-grade coal is burned,
it releases much more pollution than a low-sulfur
bituminous coal does. The air pollution and acid pre-
cipitation that result from burning high-sulfur coal
without adequate pollution controls are serious prob-
lems in countries such as China. However, clean-
burning coal technology has dramatically reduced air
pollution in countries such as the United States. 
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Natural gas
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Renewable

Figure 7 � The
Middle East pro-
duces the majority
of the world’s oil.
Asia, however,
produces the
most coal. 

Figure 8 � About half of the 
electricity generated in the United
States comes from burning coal.
This power plant (bottom) in West
Virginia is located close to the 
abundant coal deposits in that state.

How Electricity Is Generated
in the United States

Natural gas 18% 
Hydroelectricity 7% 

Oil 3% 

Coal
50%

Nuclear
20%

Other 2%
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Petroleum
Oil that is pumped from the ground is also known as crude oil, or

Anything that is made from crude oil, such as fuels,
chemicals, and plastics, is called a petroleum product. Much of the
world’s energy needs are met by petroleum products. In fact, petro-
leum accounts for 45 percent of the world’s commercial energy use. 

Locating Oil Deposits Oil is found in and around major geologic
features, such as folds, faults, and salt domes, that tend to trap
oil as it moves in the Earth’s crust. These features are bound by
impermeable layers of rock, which prevent the oil from escaping.
Most of the world’s oil reserves are in the Middle East. Large oil
deposits also exist in the United States, Venezuela, the North Sea,
Siberia, and Nigeria. When geologists have gathered all of the
data that they can from the Earth’s surface, exploration wells are
drilled to determine the volume and availability of the oil deposit.
If oil can be extracted at a profitable rate, wells are drilled and
the oil is pumped or flows to the surface. After the oil is removed
from a well, it is transported to a refinery to be converted into
fuels and other petroleum products. 

What is the purpose of drilling exploration wells 
for oil?
■●✓  Reading Check

petroleum.
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Methane Hydrates—
Fossil Fuel of the Future?

Deep under the waves in the Gulf
of Mexico lies an untapped resource
that could be the fuel of the future.
It looks like ice, but it burns with a
bright fire. This strange compound
is called methane hydrate.

A methane hydrate is a cagelike
lattice of ice that contains trapped
molecules of methane. Methane  is a
natural gas made up of carbon and
hydrogen. The methane in methane
hydrates results from the bacterial
decomposition of organic matter.

Methane hydrates have been
known to exist since 1890. How-
ever, nobody knew that the
hydrates formed in nature until
1964, when a large deposit was dis-
covered by a Soviet crew that was

the Carolinas and in the Gulf of
Mexico. If we could recover just one
percent of the methane hydrates
around the United States we could
more than double our supply of
natural gas, a clean-burning fuel
that produces little pollution except
for carbon dioxide. 

Natural gas is in increasing
demand for use in new electric
power stations. These power sta-
tions are cheaper to build than
other power stations and produce
little air pollution. Natural gas is also
used to fuel low-pollution vehicles.

Natural gas will become an
increasingly important substitute for
coal and petroleum as countries limit
their emissions of the greenhouse

drilling for oil in Siberia. Today,
huge deposits of this “solid” natural
gas have been discovered around
the edges of most continents. The
deposits are often several hundred
meters thick.

Methane hydrates form in geo-
logic situations in which tempera-
tures are stable and low and
pressure is high. In places such as
Siberia and Alaska, methane
hydrates form below the tundra
where permafrost extends down
into shallow sediments. They also
form under the ocean in water that
is deeper than 500 m. In the United
States, there are deposits of
methane hydrates off the shores of
Alaska, Washington, California, and

ChemistryConnection to

Catalytic Converters Catalytic
converters are one of the most
important emission-control fea-
tures on cars. These devices use
two separate catalysts—a reduc-
tion catalyst and an oxidation
catalyst. The reduction catalyst
uses platinum and rhodium to
separate nitrous oxides, forming
nitrogen and oxygen molecules.
The oxidation catalyst uses plat-
inum and palladium to burn—or
oxidize—hydrocarbons and car-
bon monoxide, forming carbon
dioxide, which is less harmful.
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The Environmental Effects of Using Oil When petroleum fuels
are burned, they release pollutants. Internal combustion engines
in vehicles that burn gasoline pollute the air in many cities. These
pollutants contribute to the formation of smog and cause health
problems. Emissions regulations and technology such as catalytic
converters have reduced air pollution in many areas. However, in
developing countries, cars are generally older, and the gasoline
that they burn contains significantly more sulfur, a pollutant that
contributes to acid precipitation. As well, the carbon dioxide
released from burning petroleum fuels may contribute to global
warming.

Oil spills, such as the one shown in Figure 9, are another
potential environmental problem of oil use. In recent years, new
measures have been taken to prevent oil spills from tankers.
These measures include requiring that new tankers be double-
hulled so that puncturing the outer hull does not allow the oil 
to leak out. Also, response times to clean up oil spills have
improved. While oil spills are dramatic, much more oil pollution
comes from everyday sources, such as leaking cars. However,
measures to reduce everyday contamination of our waterways
from oil lag far behind the efforts made to prevent large spills. 
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gas carbon dioxide to reduce global
warming. The use of fuel-cell tech-
nology in vehicles will also increase.
Fuel cells need hydrogen as a power
source, and natural gas is a conven-
ient source of hydrogen. The first
fuel-cell vehicles will probably be
fueled at a gas station that also has a
natural gas pump.

CRITICAL THINKING

1. Applying Processes What are
the differences between the geo-
logic processes by which petroleum
and natural gas form and the way
methane hydrates form?

2. Analyzing Relationships
Methane is a very effective green-
house gas. How might this factor
into the extraction or use of
methane hydrates in the future?

So far, we have no technology
to recover or use this strange mix-
ture of ice and methane. One
potential idea is to pump heated
water into a methane hydrate
deposit to melt the ice and release
the methane gas. The gas would
then have to be pumped to a pro-
cessing plant. 

Figure 9 � This ship is attempting to
contain the oil spilled from the Sea
Empress in 1996.

� A researcher holds a chunk of
burning methane hydrate (far left).
A methane hydrate mound in the
Gulf of Mexico (left).

EARTH SCIENCE              CONNECTION
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Natural Gas About 20 percent of the world’s nonrenewable
energy comes from natural gas. Natural gas, or methane (CH4), is
a good example of how advances in technology can make a fuel
more common. In the past, when natural gas was encountered in
an oil well, it was burned off because it was considered a nui-
sance. As technology improved, transporting natural gas in
pipelines and storing it compressed in tanks became more practi-
cal. Now, many more oil wells recover natural gas. Because burn-
ing natural gas produces fewer pollutants than burning other
fossil fuels, vehicles that run on natural gas, such as the one in
Figure 10, require fewer pollution controls. Electric power plants
can also use this clean-burning fuel.

Fossil Fuels and the Future
Today, fossil fuels supply about 90 percent of the energy used in
developed countries. Some projections suggest that by 2050
world energy demand will have doubled, mainly as a result of
increased population and industry in developing countries. As the
demand for energy resources increases, the cost of fossil fuels will
likely increase enough to make other energy sources more attrac-
tive. Planning now for the energy we will use in the future is
important because it takes many years for a new source of energy
to make a significant contribution to our energy supply. 

Predicting Oil Production Oil production is still increasing, but
it is increasing much more slowly than it has in the past, as
shown in Figure 11. Many different factors must be considered
when predicting oil production. are oil deposits that
can be extracted profitably at current prices using current tech-
nology. In contrast, some oil deposits are yet to be discovered or
to become commercial. Predictions must also take into account
changes in technology that would allow more oil to be extracted
in the future. 

Oil reserves
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Figure 10 � Except when it is refuel-
ing, a vehicle that runs on natural gas
looks like one that runs on gasoline.

MATHPRACTICE
World Energy Use
In 1980, worldwide 
production of petroleum 
was 59.6 million barrels per day. 
In 1998, petroleum production
was 66.9 million barrels a day.
Calculate the percent increase in
oil production during this period.
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Past and Predicted Oil ProductionFigure 11 � This graph shows past
oil production and one prediction for
the future.
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Finally, all predictions of future oil production are guided by an
important principle: the relative cost of obtaining fuels influences
the amount of fossil fuels that we extract from the Earth. For exam-
ple, as the supply of readily available oil decreases, we may begin to
rely less on oil reserves and focus on using oil more selectively. At
that time, oil will begin to be used more for applications in which it
is essential. Cars and power plants, which can be powered in many
ways, will begin to rely on other energy sources.

Future Oil Reserves No large oil reserves have been discovered
in the past decade, and geologists predict that oil production
from fields accessible from land will peak in about 2010.
Additional oil reserves are under the ocean, but extracting oil
from beneath the ocean floor is much more expensive. Currently,
oil platforms can be built to drill for oil at depths greater than
1,800 m, but much of the oil in the deep ocean is currently inac-
cessible. Deep-ocean reserves may be tapped in the future, but
unless oil-drilling technology improves, oil from the deep ocean
will be much more expensive than oil produced on land.

Section 1 Energy Resources and Fossil Fuels 475

AstronomyConnection to

Cosmic Oil Some scientists sup-
port a controversial hypothesis
that some oil and natural gas
deposits did not come from the
remains of ancient life but were
incorporated into the Earth dur-
ing its formation from the solar
nebula 4.5 billion years ago.
Hydrocarbons are some of the
most common compounds in the
universe and large amounts of
them could have been incorpo-
rated in the Earth as it formed. If
this theory is correct, the Earth
could contain vast reserves of
“cosmic fossil fuels” that are not
yet discovered.

11. Describe five factors that influence the value of 
a fuel.

2. Describe how fossil fuels are used to produce elec-
tricity, and explain how an electric generator works.

3. Describe how coal, oil, and natural gas form, how
these fuels are used, and how using each fuel affects
the environment.

CRITICAL THINKING 
4. Analyzing Relationships What is the relationship

between natural gas and petroleum?

5. Making Comparisons Read the description of how
fossil-fuel deposits form. Are fossil fuels produced
today by the same geologic processes as in the past?

6. Making Inferences Examine Figure 11. What do
you think accounts for the dramatic increase in the
worldwide production of oil after 1950?

READING SKILLS

S E C T I O N 1 Review

Figure 12 � This offshore oil rig is
extracting petroleum from beneath
the ocean floor. 
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In the 1950s and 1960s, nuclear power plants were seen as the
power source of the future because the fuel they use is clean and
plentiful. It was predicted that a nationwide network of nuclear
power plants would provide electricity that was “too cheap to
meter.” But in the 1970s and 1980s, almost 120 planned nuclear
power plants were canceled, and about 40 partially constructed
nuclear plants were abandoned. What happened? In this section,
you will learn how nuclear power works and why about 17 per-
cent of the world’s electricity comes from nuclear power today.

Fission: Splitting Atoms
Nuclear power plants get their power from the
energy within the nucleus of an atom. The forces that hold
together the nucleus of an atom are more than 1 million times
stronger than the chemical bonds between atoms. In nuclear
power plants, atoms of the element uranium are used as the fuel. 

The nuclei of uranium atoms are bombarded with atomic par-
ticles called neutrons. These collisions cause the nuclei to split in
a process called A fission reaction is shown in
Figure 13. Nuclear fission releases a tremendous amount of
energy and more neutrons, which in turn collide with more ura-
nium nuclei. If a fission reaction is allowed to continue, this chain
reaction will escalate quickly. One example of an uncontrolled
fission reaction is the explosion of an atomic bomb. In contrast,
nuclear power stations are designed so that the chain reaction
produces a controllable level of energy. 

nuclear fission.

nuclear energy,

Objectives

� Describe nuclear fission. 
� Describe how a nuclear power

plant works.
� List three advantages and three

disadvantages of nuclear energy.

Key Terms
nuclear energy
nuclear fission
nuclear fusion

S E C T I O N  2

Nuclear Energy

Figure 13 � Neutrons are released
from the fission, or the splitting, of a
uranium atom’s nucleus. Some of
these neutrons then cause other
atoms to undergo nuclear fission in a
process called a chain reaction.

 www.scilinks.org
Topic: Nuclear Energy
Code: HE81047

EARTH SCIENCE              CONNECTION
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How Nuclear Energy Works
A nuclear reactor is surrounded by a thick pressure
vessel that is filled with a cooling fluid. The pres-
sure vessel is designed to contain the fission prod-
ucts in case of an accident. Thick concrete walls
also surround reactors as shown in Figure 14.

Inside a reactor, shown in Figure 15, metal fuel
rods that contain solid uranium pellets are bom-
barded with neutrons. The chain reaction that
results releases energy and produces more neutrons.
The reactor core contains control rods that control
the rate of fission in the reactor. They do this by
absorbing neutrons, which prevents the neutrons
from causing fission reactions in the uranium fuel. 

The heat released during nuclear reactions is
used to generate electricity in the same way that
power plants burn fossil fuels to generate electric-
ity. In a nuclear power plant, energy released from the fission
reactions heats a closed loop of water that heats another body of
water. As the water boils, it produces steam that drives a steam
turbine, which is used to generate electricity. 

What is the function of the pressure vessel of a
nuclear reactor?
■●✓  Reading Check  

Section 2 Nuclear Energy 477

Figure 15 � How a Typical Nuclear Power Plant Works

Figure 14 � Every year, the Diablo
Canyon nuclear plant generates
enough energy for 2 million
Californian households—the energy
equivalent of burning 20 million
barrels of oil.
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The Advantages of Nuclear Energy
Nuclear energy has many advantages. Nuclear fuel is a very con-
centrated energy source, as shown in Figure 16. Furthermore,
nuclear power plants do not produce greenhouse gases. When
operated properly, nuclear plants release less radioactivity than
coal-fired power plants do. Many countries with limited fossil-
fuel reserves rely heavily on nuclear plants to supply electricity.
France, for example, generates about three-fourths of its electric-
ity from nuclear power. France produces less than one-fifth of the
air pollutants per person than does the United States, which relies
on fossil fuels for almost 70 percent of its electricity needs.

Why Aren’t We Using More Nuclear Energy?
Building and maintaining a safe reactor is very expensive. The
last 20 nuclear reactors built in the United States cost more than
$3,000 per kilowatt of electrical capacity. In contrast, wind
power is being installed at less than $1,000 per kilowatt. This
cost will decrease as construction costs decrease. Natural gas
power plants are also less expensive to build than nuclear power
plants, costing less than $600 per kilowatt. 

Storing Waste The difficulty of finding a safe place to store
nuclear wastes is one of the greatest disadvantages of nuclear
power. The fuel cycle of uranium produces fission products that
remain dangerously radioactive for thousands of years. Uranium
mining and fuel development produce radioactive wastes. In addi-
tion, the used fuel, liquids, and equipment from a reactor core are
also considered hazardous wastes. Storage sites for nuclear wastes
must be located in areas that are geologically stable for tens of
thousands of years. The United States has spent over two decades
studying a site called Yucca Mountain in southern Nevada as a
place to store nuclear waste. Scientists are also researching a
process called transmutation, which would recycle the radioactive
elements in nuclear fuel.

Safety Concerns In a poorly designed nuclear plant, the fission
process can potentially get out of control. This is what happened
during the world’s worst nuclear reactor accident, which occurred
at Chernobyl in the Ukraine in 1986. Engineers turned off most
of the reactor’s safety devices to conduct an unauthorized test.
This test caused explosions that destroyed the reactor and
released large amounts of radioactive materials into the air. Areas
of northern Europe and the Ukraine are still contaminated. The
Chernobyl reactor was an old design that, for safety reasons, is
not used in the United States. The nuclear reactor had no con-
tainment building. In addition, the engineers at Chernobyl vio-
lated basic safety guidelines. 

Why is it so difficult to find a place that can be used
to store nuclear waste safely?
■●✓  Reading Check
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Geofact
Radon Uranium occurs naturally 
in rock and soil. When uranium
undergoes radioactive decay, it
gives off a number of products,
including an invisible and odorless
radioactive gas called radon. Radon
can seep into buildings from the
surrounding rock and soil, and if
buildings are not ventilated prop-
erly, dangerous levels of radon can
build up. It is estimated that radon
causes 5,000 to 20,000 people in
the United States to die from lung
cancer each year.

Figure 16 � Uranium is a very com-
pact fuel. The uranium pellets (above)
can generate as much electricity as
the trainload full of coal does. 
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In the United States, the most serious nuclear accident
occurred in 1979 at the Three Mile Island nuclear power plant
in Pennsylvania. Human error, along with blocked valves and
broken pumps, caused the accident. Fortunately, only a small
amount of radioactive gas escaped. Since this accident, the U.S.
Nuclear Regulatory Commission has required more than 300
safety improvements to nuclear power plants.

The Future of Nuclear Power
One possible future energy source is nuclear fusion.
occurs when lightweight atomic nuclei combine to form a heavier
nucleus and release tremendous amounts of energy. Figure 17 illus-
trates the process of nuclear fusion. Nuclear fusion powers all of
the stars, including our sun. Fusion is potentially a safer energy
source than nuclear fission is because it creates less dangerous
radioactive byproducts. 

Unfortunately, although the potential of fusion is great, so is the
technical difficulty of achieving it. For fusion to occur, atomic nuclei
must be heated to extremely high temperatures (about
100,000,000°C, or 180,000,000°F). The nuclei must also be
maintained at very high concentrations and properly confined.
Achieving all three of these conditions simultaneously is extremely
difficult. The technical problems are so complex that building a
nuclear fusion plant may take decades or may never happen.

Nuclear fusion

Section 2 Nuclear Energy 479

Figure 17 � During nuclear fusion,
the nuclei of two forms of hydrogen
(deuterium and tritium in this case)
join to form helium, which releases
large amounts of energy.

1. Compare a power plant that burns fossil fuels with a
nuclear power plant.

2. Describe two advantages and two disadvantages of
nuclear power plants.

3. Explain the difference between nuclear fission and
nuclear fusion.

CRITICAL THINKING
4. Applying Ideas Read about the advantages of

nuclear energy. Explain why countries such as France
and Japan rely heavily on nuclear power.

5. Making Decisions Which poses more of an envi-
ronmental threat: transporting spent nuclear fuel or
transporting toxic chemicals? Write your opinion in
the form of a short essay. WRITING SKILLS

READING SKILLS

S E C T I O N 2 Review

HistoryConnection to

Three Mile Island The Three
Mile Island accident was a wake-
up call for the nuclear industry.
Many reforms and safety meas-
ures were instituted throughout
the industry after the accident
occurred. In 1989, 10 years after
the accident, the nuclear plant
received the best INPO rating in
the world. The rating was based
on a measure of reliability, effi-
ciency, and safety. In 1999, the
plant set a world record after run-
ning continuously for 688 days.
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1 Energy Resources and
Fossil Fuels

2 Nuclear Energy

480 Chapter 17 Highlights

Key Terms
fossil fuel, 467
electric generator,

468
petroleum, 472
oil reserves, 474

Main Ideas
� Most of the world’s energy needs are met by
fossil fuels, which are nonrenewable resources.

� Coal is abundant in North America and
Asia. In the United States, coal is used pri-
marily to produce electricity.

� Petroleum can be refined into fuels to power
vehicles and machines. Petroleum can also be
used to manufacture many other products.

� Natural gas is often found above oil deposits.
In general, burning natural gas releases fewer
pollutants than burning coal or oil.

� The extraction, transportation, and use of
fossil fuels cause many environmental prob-
lems, including air and water pollution and
habitat destruction.

� Calculations of fossil-fuel reserves predict
that oil production will peak and then decline
in the early 21st century.

nuclear energy, 476
nuclear fission, 476
nuclear fusion, 479

� Nuclear energy is energy that exists within
the nucleus of an atom. When uranium nuclei
are bombarded with neutrons, they undergo
fission and release large amounts of energy.

� In a nuclear power station, the heat gener-
ated by fission is used to heat water to form
steam. The steam drives turbines that generate
electricity.

� The main advantages of nuclear power are
that the fuel is compact and the power stations
generally do not pollute. The main disadvan-
tage is that nuclear power produces radioactive
waste, which will be dangerous for centuries.
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Review

Chapter 17 Review 481

Using Key Terms
Use each of the following terms in a separate
sentence.

1. fossil fuel
2. petroleum
3. oil reserves
4. nuclear fission
5. nuclear fusion 

For each pair of terms, explain how the mean-
ings of the terms differ.

6. petroleum and oil reserve
7. turbine and electric generator
8. nuclear fission and nuclear fusion

Understanding Key Ideas
9. Which of the following statements provides a

reason for the widespread use of fossil fuels?
a. Fossil fuels are a renewable source of 

energy.
b. Fossil fuels are readily available and 

inexpensive.
c. Fossil fuels are not harmful to the 

environment.
d. all of the above

10. Which of the following pairs are design fea-
tures that nuclear power plants and coal-
fired power plants share?
a. fuel rods and containment buildings
b. turbines and generators
c. combustion chamber and reactor cores
d. none of the above

11. The main reason for the worldwide slow-
down in the construction of nuclear power
plants is that
a. we have run out of uranium fuel.
b. the electricity from nuclear power is gener-

ally more expensive to produce than elec-
tricity from other sources.

c. nuclear reactors are inherently unsafe.
d. nuclear reactors release large quantities of

greenhouse gases.
12. Which is an example of the direct use of fos-

sil fuels?
a. a nuclear reactor
b. an oil-fired furnace
c. a wind generator
d. a wood-burning stove

13. Which of the following statements describes
the process by which modern nuclear power
plants use nuclear energy?
a. Power plants use nuclear fusion to split

uranium atoms and release nuclear energy.
b. Power plants use nuclear fusion to combine

atomic nuclei and release nuclear energy.
c. Power plants use nuclear fission to split

uranium atoms and release nuclear energy.
d. Power plants use nuclear fission to combine

atomic nuclei and release nuclear energy.
14. If fossil fuels are still forming today, why are

they considered nonrenewable resources?
a. Fossil fuels are broken down by natural

processes faster than they form.
b. We are depleting fossil fuels much faster

than they form.
c. The fossil fuels being formed today are

deep under the ocean, where they cannot
be reached.

d. The only fossil fuels being produced 
are methane hydrates, which we cannot
use yet.

15. Which of the following is not a disadvantage
of nuclear energy?
a. the difficulty of safe storage of nuclear

waste
b. the high levels of air pollution produced
c. the use of natural gas to produce nuclear

energy
d. the possibility that a nuclear chain reaction

can get out of control

C H A P T E R 17

Get Organized Being organized can help make
studying more efficient and less confusing. Start
by reducing clutter and consolidating loose papers.
Arrange your items by subject, and be sure to
label your books, notebooks, and dividers. A plan-
ner, or agenda book, can help you balance school-
work with other activities. It also can serve as
reminder of upcoming deadlines and help you to
prioritize multiple tasks.

STUDY TIP
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Review
Short Answer
16. Why have fossil fuels become our primary

energy resource?
17. How did the Three Mile Island accident

affect nuclear safety in the United States?
18. What factors make nuclear power expensive?
19. What is the difference between oil reserves

and oil deposits? 

Interpreting Graphics
The graph below shows the different contribu-
tions of various fuels to the U.S. energy supply
since 1850. Use the graph to answer questions
20–24.
20. When did oil first become a more important

energy source than coal?
21. Why do you think the use of coal increased

so rapidly between 1850 and 1920?
22. The data for oil and natural gas are nearly

parallel—they rise and fall together. Why do
you think this pattern exists?

23. Why do you think the use of coal is on the
rise after having fallen in the 1950s?

24. Why do you think that the use of wood as a
fuel has not significantly increased or
decreased since about 1850?

Concept Mapping
25. Use the following terms to create a concept

map: oil well, petroleum, refinery, gasoline,
natural gas, plastics, and oil reserve.

Critical Thinking
26. Demonstrating Reasoned Judgment The

invention of artificial plastics had a damaging
effect on the environment because most plas-
tics break down very slowly, so they remain
in landfills and are dangerous to wildlife.
However, the invention of plastics also
affected the environment in many positive
ways. List as many positive effects as you can.

27. Analyzing Relationships Read the descrip-
tion of how fossil-fuel deposits form.
Explain why fossil fuels are a form of
stored solar energy. 

28. Analyzing Relationships The United States
currently imports about half of all the crude
oil it uses. Why might this be a problem?
Write a paragraph that describes the recom-
mendations that you would make to U.S.
lawmakers, manufacturers, and consumers
to reduce the country’s dependence on 
foreign oil. 

Cross-Disciplinary Connection
29. Economics What incentives could encourage

automobile manufacturers in the United States
to produce more fuel-efficient cars? The U.S.
government could increase the requirements
for fuel efficiency. However, at least two other
strong forces are likely to change the types of
vehicles that manufacturers produce. What do
you think these forces are?

Portfolio Project
30. Prepare a Display Find out how petroleum,

natural gas, coal, or uranium are extracted.
For example, engineers have developed meth-
ods to drill sideways to reach oil deposits
thousands of feet underground. Research one
method and prepare a model or a posterboard
display that communicates your findings. Be
sure to include information about the environ-
mental effects of the method you studied.

WRITING SKILLS

READING SKILLS

C H A P T E R 17
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Read the passage below, and then answer
the questions that follow.

Paula Curtis became chief executive officer of
Zaft Motors in 2002. She has a strong interest
in the environment. Because she is chief execu-
tive of the country’s second-largest auto manu-
facturer, she has an influence on the automobile
industry. For instance, Zaft left the Global
Climate Coalition, a group of companies that
denied the scientific research proving global
warming. Within four months, two other auto
manufacturers also left. Zaft publishes a “cor-
porate citizenship” report each year. In 2001,
the report stated that Zaft’s vehicles and facto-
ries emit 350 million metric tons of carbon
dioxide annually and contribute to global
warming. The report also stated that Zaft was
committed to reducing this number. 

However, Zaft has a long way to go to ful-
fill this goal. Zaft has failed to improve the
fuel economy of its cars and trucks, so its new
vehicles get fewer miles per gallon, on average,
than the vehicles built in 1982. Modern tech-
nology for engines, transmissions, and aerody-
namics could help Zaft achieve an average fuel
economy of 40 mi/gal for its cars, pickups,
and sport utility vehicles. As a result, the
United States would save almost 1 million bar-
rels of oil per day—over half as much as the
country imports from Saudi Arabia. 

1. Which of the following statements best
describes the thesis of the article?
a. Zaft Motors is jeopardizing its posi-

tion as the country’s second-largest
auto manufacturer by enacting envi-
ronmental controls. 

b. Zaft left the Global Climate Coalition
because it acknowledged the scientific
evidence for global warming.

c. Although Zaft has taken some actions
to be an environmentally responsible
corporate citizen, the company still
needs to improve the fuel efficiency of
its vehicles.

d. none of the above

MATH SKILLS

The graph below compares the contribution of
each world region to world oil production. Use
the graph to answer question 31.
31. Analyzing Data If the total sales of oil in

2002 were $500 billion, what is the value of
the oil produced by each region?

WRITING SKILLS

32. Communicating Main Ideas How would our
lives change if oil reserves became so
depleted that gasoline was very expensive?

33. Recognizing Relationships Outline the major
forms of environmental change that have
resulted from fossil-fuel use. Include your
thoughts on subjects such as habitat loss, pol-
lution, and our use of land. Remember to
include positive environmental changes.

South America
9%

North America 
6%

Asia 4%

Africa 7%

Middle East
66%

Europe and former 
Soviet Union 8%

READING SKILLS

Chapter 17 Review 483
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C H A P T E R 17 Standardized Test Prep
Understanding Concepts
Directions (1–3): For each question, write on a
separate sheet of paper the letter of the correct
answer.

1 Where do coal, oil and natural gas come
from?
A. the melting of polar ice packs
B. the remains of organisms
C. the residue of volcanic eruptions
D. the understory of forests

2 When fossil fuels are burned and converted
to electricity, how does the total amount of
usable energy change?
F. The amount of usable energy remains the

same.
G. The amount of usable energy decreases

during conversion.
H. The amount of usable energy doubles

during conversion.
I. The amount of usable energy depends on

how well the power plant is maintained.

3 Which of the following statements describes
energy consumption trends today?
A. Developed nations are using less energy

per person.
B. Developing nations are using less 

energy per person.
C. Developed nations are using more energy

than undeveloped nations.
D. Developing nations are using more

energy than developed nations.

Directions (4–5): For each question, write a short
response.

4 The United States uses more than 25% of
its energy to transport goods and people.
This percentage of resources, used mostly
by trucks and personal vehicles, is much
higher than energy used for transportation
in Japan or Switzerland. Why do these two
developed countries use less energy for
transportation than the United States?

5 Provide one reason why building and main-
taining nuclear power plants is expensive. 

Reading Skills
Directions (6–8): Read the passage below. Then
answer the questions.

Today, fossil fuels supply about 90% of the
energy used in developed countries. Oil 
production is increasing, but it is increasing
much more slowly than it has in the past.
Many different factors must be considered
when predicting oil production. Oil reserves
are oil deposits that can be extracted 
profitably at current prices using current 
technology. Some projections suggest that by
2050 world demand for fossil fuels will have
doubled, mainly as a result of increased 
population and industry in developing nations.
People in developed countries use much more
energy than people in developing countries do.
As the demand for energy resources increases,
the cost of fossil fuels will likely increase
enough to make other energy sources more
attractive.

6 How would you assess the effect of 
technology on oil prices?
F. Technology raises production and lowers

prices.
G. Technology lowers production and raises

prices.
H. Technology raises production and raises

prices.
I. Technology lowers production and 

lowers prices.

7 If oil prices continue to increase, what
effect would this have on industries in
developing countries?

8 Which of the following statements is false?
A. Fossil fuels supply about 90% of the

energy used in developed countries.
B. World demand for fossil fuels will 

likely increase significantly by 2050.
C. People in developed countries use 

more energy than people in developing
countries use.

D. The cost of fossil fuels will likely
decrease in the future.

484 Chapter 17 Standardized Test Prep
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Test
Sometimes, only a
portion of a graph or
table is needed to
answer a question.
Focus only on the nec-
essary information to
avoid confusion.

Chapter 17 Standardized Test Prep 485

Interpreting Graphics
Directions (9–12): For each question below, record the correct answer on a
separate sheet of paper.

The graph below shows past and predicted oil production. Use this graph
to answer questions 9 through 12.

Past and Predicted Oil Production

9 If oil production after 2010 continues at the predicted rate, when will
the oil reserves run out? 
F. 2040
G. 2050
H. 2060
I. 2070

0What can be concluded about oil production from the graph?
A. Oil production hit its peak in the mid 20th century.
B. Oil production saw a dramatic increase during the 1980s.
C. Oil production continued to increase throughout the 1900s.
D. Oil production more than doubled between 1965 and 1975. 

q What can be inferred about the cost of oil after 2010?
F. It will increase.
G. It will decrease steadily.
H. It will remain unchanged.
I. It will increase until 2030, then decrease.

w What is the difference in billions of barrels produced in 1990 
compared to 1970?
A. Production doubled.
B. Production fell by half.
C. Production hit a new low.
D. Production was up six billion barrels.
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486 Chapter 17 Skills Practice Lab

Your Household Energy Consumption
We use electricity for many activities at home, such as drying
clothes, cooking food, and heating and cooling. The total amount
of energy that we use depends both on how much energy each
individual appliance consumes and on how long we use the appli-
ance each day. In this lab, you will survey your household to
determine how much electricity you consume and you will analyze
an electric bill to calculate how much you pay for your electricity.

Procedure
1. Create a table similar to the one shown below. To determine

daily energy consumption in kilowatt-hours, divide the
wattage of an appliance by 1,000 and then multiply by the
number of hours the item is used per day.

Objectives
� Identify

the ways in which electricity is 
consumed in your household. 

� Compute the energy consumption
of your household.

� Interpret an electric utility bill and
an electric meter.

Materials
calculator
electric bill
notebook
pen or pencil

USING SCIENTIFIC METHODS

Skills Practice Lab: CONSUMER
C H A P T E R 17

� Keeping Track of Energy Use
An electric meter (below) records the
amount of electricity that a house-
hold uses. A utility bill ( below) calcu-
lates the cost of the electricity used.

Energy Daily energy
consumed in Hours used consumption

Appliance 1 hour (watts) (per day) (Kwh)

DO NOT WRITE IN THIS BOOK

2. Walk through your home, and identify all appliances and
devices that use electricity. List each item in your table.

3. Fill in each column in your table. Determine the wattage of
each item by referring to the table on the next page.

4. Find the electric meter. It may be on an outside wall of your
house or apartment building. Record the current reading on the
meter. The reading may change as you watch it. If so, electricity
is currently being consumed in your household. If the reading is
changing, write down an estimate of the current reading.
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Chapter 17 Skills Practice Lab 487

Analysis
1. Organizing Data Add up the energy consumption per day

for all items. This number is the total energy consumed by
your household in one day.

2. Organizing Data On your electric bill, find the total number
of kilowatt-hours consumed during this time period. An elec-
tric bill usually lists a meter reading for the beginning of the
time period and for the end of the time period. The differ-
ence is the energy consumption in kilowatt-hours.

3. Analyzing Data Divide the number of kilowatt-hours from
your electric bill by the number of days in the time period.
This number reflects the average daily energy consumption
for this time period.

4. Analyzing Results Compare the daily energy consumption
that you calculated from your home survey with the average
calculated from your electric bill. Is there a difference? If so,
what could explain the difference?

5. Analyzing Data Find the cost of electricity per kilowatt-hour
on your electric bill. How much does washing your clothes in
a washing machine cost?

Conclusions
6. Drawing Conclusions What can you conclude about energy

consumption in your home? What activities consume the
most energy? How could you reduce the energy consumption
in your home? 

7. Evaluating Methods How could the energy survey be refined
to estimate more accurately your daily energy consumption?

Energy Consumption for 
Common Household Appliances

Energy
consumed
in 1 hour

Appliance (watts)

Ceiling fan 120

Clock radio 10

Clothes washer 425

Clothes dryer 
(electric) 3,400

Coffee maker 1,050

Dishwasher 1,800

Window fan 150

Hair dryer 1,500

Heater (portable) 1,100

Iron 1,400

Light bulbs 60, 75, 100

Microwave oven 900

Personal computer 270

Refrigerator
(frost free, 16 ft3) 725

Stereo 400

Television (color) 130

Toaster 1,100

Toaster oven 1,225

Vacuum cleaner 1,200

VCR/DVD 19/22

Water heater 
(40 gal) 5,000

Water pump
(deep well) 650

Window fan 150

1. Communicating Ideas Even when an appliance is turned
off, it can still consume electricity. This type of electricity
consumption is called a phantom load. Find out about
phantom loads and prepare a booklet that shows how
people can reduce this type of energy use.

Extension
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488 Chapter 17 Maps in Action

NUCLEAR POWER PLANTS IN THE UNITED STATES

M A P S K I L L S

1. Identifying Trends During what time period did
most of the nuclear plants in the United States begin
operation?

2. Using the Key Use the symbols on the map to
describe the history of nuclear power in the
Northeast, the Southeast, the Great Plains states,
and the western states. 

3. Comparing Areas What region of the United
States has the most nuclear power plants? What
region has the fewest? Why?

4. Identifying Relationships Why do you think
that many nuclear reactors are built close together?

5. Calculating Problems The U.S. government is
considering storing most of its nuclear waste pro-
duced in the United States in a facility in Yucca
Mountain in Nevada. This location is marked on the
map. What are the average distances from the
nuclear plants in California, Texas, Florida, and 
New York to this site?

EARTH SCIENCE              CONNECTION
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Chapter 17 Society and the Environment 489

FROM CRUDE OIL TO PLASTICS

What Do You Think?
There are many possible sub-
stitutes for petroleum fuels to
power vehicles and electric
generators. However, finding
substitutes for petroleum used
as solvents and in other prod-
ucts is not easy. If petroleum
supplies are limited, can you
think of any substitutes for
petroleum?

Can you imagine using shampoo
from a glass bottle? Your parents
or grandparents might remember
a time when a dropped shampoo
bottle meant shards of glass on
the shower floor. Today, plastic is
in everything from shampoo bot-
tles, car fenders, artificial limbs,
refrigerators, and cameras, to
snowboards. While these products
are all vastly different, they
started out in the same way, as
petroleum, or crude oil.

Petroleum is the most common
fuel used to power vehicles and
heat homes. But you may not real-
ize that this versatile fuel contains
many different organic com-
pounds, which are used to pro-
duce many other products and
chemicals of modern society.
However, before these compounds
can be used, they must be sepa-
rated from petroleum. At a refin-
ery, petroleum is heated so that it
separates into petroleum distillates
during a process called fractional
distillation. When petroleum is
heated, petroleum distillates 
evaporate and condense at differ-
ent temperatures. These different
compounds are then used to make
many products we use every day.

A Refined Resource
When the crude oil is heated,
volatile compounds that have very
low boiling points, such as those
that make up gasoline and airplane
fuel, evaporate first and are col-
lected. Compounds that have very
high boiling points are left behind.
These compounds are used to
make products such as diesel oil,
heating oil, lubricants, asphalt,
paraffin wax, and tar. Petroleum
distillates are also used in pesti-
cides, cleaning fluids, metal pol-
ishes, spot removers, lubricants,
and many other products.

All petroleum distillates are
toxic. When their vapors are
breathed, they can cause chemical
pneumonia, lung damage, or
death. Therefore, all household
products that contain 10 percent
or more petroleum distillates are
required to have hazard warnings.
Products containing petroleum dis-
tillates should be used carefully. 

Plastics
Plastic is one type of material that
is manufactured from petroleum
distillates. Before plastics can be
made, however, the petroleum 
distillates must be processed.
Ethane and propane, two petro-
leum distillates, are “cracked,” 
or broken into smaller compounds
called ethylene and propylene.
These compounds are combined
with a catalyst and other additives 
to create a powdered polymer.
This polymer is melted and
formed into small pellets. Manu-
facturers purchase the pellets,
melt them, add color, and create
many products with which you
are familiar.

Plastics are also being used in
ways you may not have thought 
of before. Scientists at Ohio State
University recently developed a
plastic that can withstand temper-
atures up to 800°F. Military air-
craft may soon take advantage of
this technology, and it may not be
long before you find yourself in a
car that has an engine made of
plastic.

� A fractionation tower separates 
petroleum into its component 
compounds.

EARTH SCIENCE              CONNECTION
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