
READING STRATEGY

Alternative Resources
What would your life be like if you couldn’t play video games, 
turn on lights, microwave your dinner, take a hot shower, or 
take the bus to school?

Most of your energy needs and the energy needs of others are 
met by the use of fossil fuels. Yet, there are two main problems 
with fossil fuels. First, the availability of fossil fuels is limited. 
Fossil fuels are nonrenewable resources. Once fossil fuels are 
used up, new supplies won’t be available for thousands—or 
even millions—of years.

Second, obtaining and using fossil fuels has environmen-
tal consequences. To continue to have access to energy and 
to overcome pollution, we must find alternative sources of 
energy.

Splitting the Atom: Fission
The energy released by a fission or fusion reaction is 
nuclear energy.nuclear energy. Fission is a process in which the nuclei of 
radioactive atoms are split into two or more smaller nuclei, 
as shown in Figure 1. When fission takes place, a large amount 
of energy is released. This energy can be used to generate 
electrical energy. The SI unit for all forms of energy is the 
joule. However, electrical energy and nuclear energy is often 
measured in megawatts (MW).
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A neutron from a uranium-235 atom splits the nucleus into two 
smaller nuclei called fission products and two or more neutrons.
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What You Will Learn

Describe alternatives to the use of 
fossil fuels.
List advantages and disadvantages of 
using alternative energy resources.

Vocabulary
nuclear energy
chemical energy
solar energy
wind power
hydroelectric energy
biomass
gasohol
geothermal energy

Paired Summarizing  Read this sec-
tion silently. In pairs, take turns sum-
marizing the material. Stop to discuss 
ideas that seem confusing.
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Pros and Cons of Fission
Nuclear power plants provide alternative sources of energy that 
do not have the problems that fossil fuels do. So, why don’t we 
use nuclear energy more instead of using fossil fuels? Nuclear 
power plants produce dangerous radioactive wastes. Radio active
wastes must be removed from the plant and stored until their 
radioactivity decreases to a harmless level. But nuclear wastes 
can remain dangerously radio active for thousands of years. 
These wastes must be stored in an isolated place where the 
radiation that they emit cannot harm anyone.

Another problem with nuclear power plants is the potential 
for accidental release of radiation into the environment. A 
release could happen if the plant overheats. If a plant’s cool-
ing system were to stop working, the plant would overheat. 
Then, its reactor could melt, and a large amount of radiation 
could escape into the environment. In addition, towers like 
the one shown in Figure 2, keep hot water from potentially 
disrupting the local ecosystem.

Combining Atoms: Fusion
Another method of getting energy from nuclei is fusion, shown 
in Figure 3. Fusion is the joining of two or more nuclei to 
form a larger nucleus. This process releases a large amount of 
energy and happens naturally in the sun.

The main advantage of fusion is that it produces few dan-
gerous wastes. The main disadvantage of fusion is that very 
high temperatures are required for the reaction to take place. 
No known material can withstand such high temperatures. 
Therefore, the reaction must happen within a special environ-
ment, such as a magnetic field. Controlled fusion reactions 
have been limited to laboratory experiments.

✓✓Reading Check What is the advantage of producing energy 
through fusion? (See the Appendix for answers to Reading Checks.)

nuclear energynuclear energy  the energy 
released by a fission or fusion 
reaction; the binding energy of 
the atomic nucleus

Figure 2  Cooling towers are 
used to cool water leaving a 
nuclear power plant before 
the water is released into the 
environment.
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During nuclear fusion, the nuclei of two 
forms of hydrogen, such as deu terium and 
tritium, join to form helium. The joining of 
nuclei releases large amounts of energy.

FusionFigure 3
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WRITING
SKILL

Chemical Energy
When you think of fuel for an automobile, you most likely
think of gasoline. However, not all vehicles are fueled by
gasoline. Some vehicles, such as the one shown in Figure 4,
are powered by energy that is generated by fuel cells. Fuel
cells power automobiles by converting chemical energychemical energy into
electrical energy by reacting hydrogen and oxygen into water.
One advantage of using fuel cells as energy sources is that
fuel cells do not create pollution. The only byproduct of fuel
cells is water. Fuel cells are also more efficient than internal
combustion engines are.

The United States has been using fuel cells in space travel
since the 1960s. Fuel cells have provided space crews with
electrical energy and drinking water. One day, fuel-cell tech-
nology may be used to generate electrical energy in buildings,
ships, and submarines, too.

Solar Energy
Almost all forms of energy, such as the energy of fossil fuels,
come from the sun. The energy received by the Earth from the
sun in the form of radiation is solar energy.solar energy. The Earth receives
more than enough solar energy to meet all of our energy needs.
And because the Earth continuously receives solar energy, this
energy is a renewable resource. Solar energy can be used directly
to heat buildings and to generate electrical energy. However,
we do not yet have the technology to generate the amount
of electrical energy we need from solar energy.

Sunlight can be changed into electrical energy through the
use of solar cells or photovoltaic cells. You may have used a
calculator that is powered by solar cells. Solar panels are large
panels made up of many solar cells wired together. Solar panels
mounted on the roofs of some homes and businesses provide
some of the electrical energy used in the buildings.

✓✓Reading Check Where does the energy of fossil fuels come

from?

Figure 4 This image shows
a prototype of a fuel-cell car.
Power from fuel cells may be
commonly used in the future.

chemical energychemical energy  the energy
released when a chemical compound
reacts to produce new compounds

solar energysolar energy  the energy received
by the Earth from the sun in the
form of radiation

Resources of the
Future  In 100

years do you think humans
will still be using fossil fuels
to power their cars? Maybe
humans will be using alterna-
tive energy resources. Maybe
humans won’t even be driving
cars! Write a short, creative,
science fiction story describing
the energy use of humans 100
years from now.
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Solar Heating
Solar energy is also used for direct heating through 
solar collectors. Solar collectors are dark-colored 
boxes that have glass or plastic tops. A common 
use of solar collectors is to heat water, as shown 
in Figure 5. More than 1 million solar water 
heaters have been installed in the United States. 
Solar water heaters are especially common in Florida 
and California.

Pros and Cons of Solar Energy
One of the best things about solar energy is that 
it doesn’t produce pollution. Also, solar energy is 
renewable, because it comes from the sun. How-
ever, some climates don’t have enough sunny days 
to benefit from solar energy. Also, although solar 
energy is free, solar cells and solar collectors are 
more expensive to make than other energy systems 
are. The cost of installing a complete solar-power 
system in a house can be one-third of the total 
cost of the house.

Figure 5  The liquid in the solar collector is 
heated by the sun. Then, the liquid is pumped 
through tubes that run through a water 
heater, which causes the temperature of the 
water to increase.

wind powerwind power  the use of a windmill 
to drive an electric generator

Figure 6  Wind turbines take 
up only a small part of the 
ground’s surface. As a result, the 
land on wind farms can be used 
for more than one purpose.

Wind Power
Wind is made indirectly by solar energy through the uneven 
heating of air. Energy can be harnessed from wind. Wind powerWind power
is the use of a windmill to drive an electric generator. Clusters 
of wind turbines, like the ones shown in Figure 6, can gener-
ate a significant amount of electrical energy. Wind energy is 
renewable, and it doesn’t cause any pollution. However, in 
many areas, the wind isn’t strong enough or frequent enough 
to create energy on a large scale.



Hydroelectric Energy
Humans have used the energy of falling water for thousands 
of years. Water wheels, such as the one shown in Figure 7,
have been around since ancient times. In the early years of 
the Industrial Revolution, water wheels pro vided energy for 
many factories. Today, the energy of falling water is used to 
generate electrical energy. Electrical energy produced by falling 
water is called hydroelectric energy.hydroelectric energy.

Pros and Cons of Hydroelectric Energy
After the dam is built, hydroelectric energy is inexpensive and 
causes little pollution. It is renewable because water constantly 
cycles from water sources to the air, to the land, and back to 
the water source. But like wind energy, hydroelectric energy 
is not available everywhere. It can be produced only where 
large volumes of falling water can be harnessed. Huge dams, 
such as the one in Figure 8, must be built on major rivers 
to capture enough water to generate significant amounts of 
electrical energy.

Using more hydroelectric energy could reduce the demand 
for fossil fuels, but there are trade-offs. Building the large dams 
necessary for hydroelectric power plants often destroys other 
resources, such as forests and wildlife habitats. For example, 
hydroelectric dams on the lower Snake and Columbia Rivers in 
Washington state disrupt the migratory paths of local popula-
tions of salmon and steelhead. Large numbers of these fish die 
each year because their migratory path is disrupted. Dams can 
also decrease water quality and create erosion problems.

✓✓Reading Check Why is hydroelectric energy renewable?

hydroelectric energyhydroelectric energy electrical
energy produced by falling water

Figure 7 Falling water turns 
water wheels, which turn giant 
millstones used to grind grain 
into flour.

Figure 8 Falling water turns 
turbines inside hydroelectric 
dams and generates electrical 
energy for millions of people.
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Power from Plants
Plants are similar to solar collectors. Both absorb energy from 
the sun and store it for later use. Leaves, wood, and other 
parts of plants contain the stored energy. Even the dung of 
plant-grazing animals is high in stored energy. These sources 
of energy are called biomass. BiomassBiomass is organic matter that 
can be a source of energy.

Burning Biomass
Biomass energy can be released in several ways. The most com-
mon way is to burn biomass. Approximately 70% of people 
living in developing countries, about half the world population, 
burn wood or charcoal to heat their homes and cook their 
food. In contrast, about 5% of the people in the United States 
heat and cook this way. Scientists estimate that the burning 
of wood and animal dung accounts for approximately 14% of 
the world’s total energy use. Figure 9 shows a woman who is 
preparing cow dung that will be dried and used for fuel.

Gasohol
Biomass material can also be changed into liquid fuel. Plants 
that contain sugar or starch can be made into alcohol. The 
alcohol can be burned as a fuel. Or alcohol can be mixed with 
gasoline to make a fuel called gasohol.gasohol. More than 1,000 L of 
alcohol can be made from 1 acre of corn. But people in the 
United States use a large amount of fuel for their cars. And 
the alcohol produced from about 40% of one corn harvest in 
the United States would provide only 10% of the fuel used in 
our cars! Biomass is a renewable source of energy. However, 
producing biomass requires land that could be used for grow-
ing food.

biomassbiomass  organic matter that can 
be a source of energy

gasoholgasohol a mixture of gasoline and 
alcohol that is used as a fuel

Figure 9  In many parts 
of the world where 
firewood is scarce, 
people burn animal 
dung for energy.

Miles per Acre
Imagine that you own a car 
that runs on alcohol made 
from corn that you grow. 
You drive your car about 
15,000 mi per year, and you 
get 240 gal of alcohol from 
each acre of corn that you 
process. If your car has a gas 
mileage of 25 mi/gal, how 
many acres of corn must you 
process to fuel your car for 
a year?



Heated water

Hot rock
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Energy from Within Earth
If you have ever seen a volcanic eruption, you know how 
powerful the Earth can be. The energy produced by the heat 
within Earth is called geothermal energy.geothermal energy.

Geothermal Energy
In some areas, groundwater is heated by magma, or melted 
rock. Often, the heated groundwater becomes steam. Geysers are
natural vents that discharge this steam or water in a column 
into the air. The steam and hot water can also escape through 
wells drilled into the rock. From these wells, geothermal power 
plants can harness the energy from within Earth by pumping 
the steam and hot water, as shown in Figure 10. The world’s 
largest geothermal power plant in California, called The Geysers,
produces electrical energy for 1.7 million households.

Geothermal energy can also be used to heat buildings. In 
this process, hot water and steam are used to heat a fluid. Then, 
this fluid is pumped through a building in order to heat the 
building. Buildings in Iceland are heated from the country’s 
many geothermal sites in this way.

✓✓Reading Check How do geothermal power plants obtain geo-
thermal energy from the Earth?

geothermal energygeothermal energy the energy 
produced by heat within the Earth

Steam rises 
through a well.

The steam drives 
turbines, which in 
turn drive electric 
generators.

Excess water is 
put back into 
the hot rock.

The generators produce 
electrical energy.

The steam escapes 
the power plant 
through vents.

1

3

4

5

2

How a Geothermal Power Plant WorksFigure 10



For a variety of links related to this
chapter, go to www.scilinks.org

SummarySummary

How Energy Is Used in the United States

Residential
19%

Commercial
16%

Transportation
27%

Industrial
38%

Source: International Energy Agency.

Review

Using Key Terms

1. In your own words, write a definition for each
of the following terms: nuclear energy, solar
energy, wind power, hydroelectric energy, biomass,
gasohol, and geothermal energy.

Understanding Key Ideas

2. Which of the following alternative resources
requires hydrogen and oxygen to produce
energy?

a. fuel cells
b. solar energy
c. nuclear energy
d. geothermal energy

3. Describe two ways of using solar energy.

4. Where is the production of hydroelectric
energy practical?

5. Describe two ways to release biomass energy.

6. Describe two ways to use geothermal energy.

Critical Thinking

7. Analyzing Methods  If you were going to build
a nuclear power plant, why wouldn’t you build
it in the middle of a desert?

8. Predicting Consequences  If an alternative
resource could successfully replace crude oil,
how might the use of that resource affect the
environment?

Interpreting Graphics

Use the graph below to answer the questions that
follow.

9. What is the total percentage of energy that is
used for commercial and industrial purposes?

10. What is the total percentage of energy that is
not used for residential purposes?

Topic: Renewable Resources
SciLinks code: HSM1291

•• Fission and fusion are processes that
release nuclear energy. The byproduct of
fission is radioactive waste.

•• For fusion to take place, extremely high
temperatures are required.

•• Fuel cells combine hydrogen and oxygen
to produce electrical energy. Fuel cells
release water as a byproduct.

•• Solar energy is a renewable resource that
doesn’t emit pollution. However, solar pan-
els and solar collectors are expensive.

•• Wind power is a renewable
resource that doesn’t emit pollution. How-
ever, wind energy cannot be generated in
all areas.

•• Hydroelectric energy is a cheap, renewable
resource that causes little pollution. How-
ever, it is available only in some areas.

•• Burning biomass and gasohol can release
energy, but not enough to meet all of our
energy needs.

•• Geothermal energy comes from the Earth
but is available only in certain areas.
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Create a model of a water 
wheel.

Determine factors that 
infl uence the rate at which 
a water wheel lifts a weight.

• bottle, soda, 2 L, filled with 
water

• card, index, 3 � 5 in.

• clay, modeling

• coin

• cork

• glue

• hole punch

• jug, milk, plastic

• marker, permanent, black

• meterstick

• safety razor (for teacher)

• scissors

• skewers, wooden (2)

• tape, transparent

• thread, 20 cm

• thumbtacks (5)

• watch or clock that indicates 
seconds

Make a Water Wheel
Lift Enterprises is planning to build a water wheel that will lift 
objects like a crane does. The president of the company has 
asked you to modify the basic water wheel design so that the 
water wheel will lift objects more quickly.

Ask a Question

1 What factors influence the rate at which a water wheel lifts a 
weight?

Form a Hypothesis

2 Change the question above into a statement to formulate a 
testable hypothesis.

Test the Hypothesis

3 Build a water wheel model. Measure and mark a 5 � 5 cm 
square on an index card. Cut the square out of the card. Fold 
the square in half to form a triangle.

4 Measure and mark a line 8 cm from the bottom of the plastic 
jug. Use scissors to cut along this line. (Your teacher may need 
to use a safety razor to start this cut for you.)

5 Use the paper triangle you made in step 3 as a template. Use 
a permanent marker to trace four triangles onto the flat parts 
of the top section of the plastic jug. Cut the triangles out of the 
plastic to form four fins.

6 Use a thumbtack to attach one corner of each plastic fin to the 
round edge of the cork, as shown below. Make sure the fins 
are equally spaced around the cork.

MATERIALS

OBJECTIVES

SAFETY

Using Scientifi c Methods

Model-Making Lab
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7 Press a thumbtack into one of the flat sides 
of the cork. Jiggle the thumbtack to widen the 
hole in the cork, and then remove the thumb-
tack. Repeat on the other side of the cork.

8 Place a drop of glue on one end of each 
skewer. Insert the first skewer into one of 
the holes in the end of the cork. Insert the 
second skewer into the hole in the other end 
of the cork.

9 Use a hole punch to carefully punch two holes 
in the bottom section of the plastic jug. Punch 
each hole 1 cm from the top edge of the jug, 
directly across from one another.

0 Carefully push the skewers through the holes, 
and suspend the cork in the center of the jug. 
Attach a small ball of clay to the end of each 
skewer. The balls should be the same size.

q Tape one end of the thread to one skewer on 
the outside of the jug, next to the clay ball. 
Wrap the thread around the clay ball three 
times. (As the water wheel turns, the thread 
should wrap around the clay. The other ball 
of clay balances the weight and helps to keep 
the water wheel turning smoothly.)

w Tape the free end of the thread to a coin. Wrap 
the thread around the coin, and tape it again.

e Slowly pour water from the 2 L bottle onto the 
fins so that the water wheel spins. What hap-
pens to the coin? Record your observations.

r Lower the coin back to the starting position. 
Add more clay to the skewer to increase the 
diameter of the wheel. Repeat step 13. Did 
the coin rise faster or slower this time?

t Lower the coin back to the starting position. 
Modify the shape of the clay, and repeat step 
13. Does the shape of the clay affect how 
quickly the coin rises? Explain your answer.

y What happens if you remove two of the fins 
from opposite sides? What happens if you add 
more fins?

u Experiment with another fin shape. How does 
a different fin shape affect how quickly the 
coin rises?

Analyze the Results

1 Examining Data  What factors influence how 
quickly you can lift the coin? Explain.

Draw Conclusions

2 Drawing Conclusions  What recommenda-
tions would you make to the president of Lift 
Enterprises to improve the water wheel?



in Action

Chapter 5 Energy Resources148

Math
Charlie’s truck has a gas mileage of 
17 mi/gal. Charlie drives his truck an aver-
age of 12,000 mi per year. Then, he sells 
the truck and buys a new hybrid car that 
has a gas mileage of 45 mi/gal. If gasoline 
costs $1.40 per gallon, how much money 
will Charlie save in a year by driving the 
hybrid car instead of his truck?

Language ArtsLanguage Arts
Find out more about another 
dam project. Develop your own 

opinion on the project. What do you think 
the best outcome would be? Create a fic-
tional story that expresses this outcome.

WRITING
SKILL

Scientific Debate
The Three Gorges Dam
Dams provide hydroelectric energy, drinking 
water, and food for crops. Unfortunately, 
massive dam projects flood scenic landscapes 
and disrupt the environment around the 
dam. For example, the Three Gorges dam in 
China has displaced almost 2 million people 
living in the project area. Opponents of the 
project claim that the dam will also increase 
pollution levels in the Yangtze River. How-
ever, supporters of the dam say it will con-
trol flooding and provide millions of people 
with hydroelectric power. Engineers estimate 
that the dam’s turbines will produce enough 
electrical energy to power a city 10 times the 
size of Los Angeles, California.

Science, Technology, 
and Society
Hybrid Cars
One solution to the pollution problem 
caused by the burning of fossil fuels for 
transportation purposes is to develop cars 
that depend less on fossil fuels. One such 
car is called a hybrid. Instead of using only 
gasoline for energy, a hybrid car uses gaso-
line and electricity. Because of its special bat-
teries, the hybrid needs less gasoline to run 
than a car powered only by gasoline does. 
Some hybrids can have a gas mileage of as 
much as 45 mi/gal! Already, there are several 
models on the market to choose from. In the 
near future, you might see more hybrid cars 
on the roads.
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Social StudiesSocial Studies
Research the lifestyle of Native Americans 
before 1900. Then, create a poster that 
compares resources that Native Americans 
used before 1900 with resources that many 
people use today.

To learn more about these 
Science in Action topics, visit
go.hrw.com and type in the
keyword HZ5ENRF.

Check out Current Science®

articles related to this chapter 
by visiting go.hrw.com. Just 
type in the keyword HZ5CS05.

Fred Begay
Nuclear Physicist  Generating energy by combining atoms is called fusion. This 
process is being developed by nuclear physicists, such as Dr. Fred Begay, at the Depart-
ment of Energy’s Los Alamos National Laboratory. Begay hopes to someday make 
fusion an alternative energy resource. Because fusion is the process that generates 
energy in the sun, Begay uses NASA satellites to study the sun. Begay explains that it 
is necessary to develop skills in abstract reasoning to study fusion. As a Navajo, Begay 
developed these skills while growing up at his Navajo home 
in Towaoc, Colorado, where his family taught him about 
nature. Today, Begay uses his skills not only to help 
develop a new energy resource but also to men-
tor Native American and minority students. In 
1999, Begay won the Distinguished Scientist 
Award from the Society for Advancement of 
Chicanos and Native Americans in Science.

Careers




