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Introduction

Alternative Energy offers readers comprehensive and easy-to-use
information on the development of alternative energy sources.
Although the set focuses on new or emerging energy sources, such
as geothermal power and solar energy, it also discusses existing
energy sources such as those that rely on fossil fuels. Each volume
begins with a general overview that presents the complex issues
surrounding existing and potential energy sources. These include
the increasing need for energy, the world’s current dependence on
nonrenewable sources of energy, the impact on the environment of
current energy sources, and implications for the future. The over-
view will help readers place the new and alternative energy sources
in perspective.

Each of the first eight chapters in the set covers a different
energy source. These chapters each begin with an overview that
defines the source, discusses its history and the scientists who
developed it, and outlines the applications and technologies for
using the source. Following the chapter overview, readers will find
information about specific technologies in use and potential uses
as well. Two additional chapters explore the need for conservation
and the move toward more energy-efficient tools, building materi-
als, and vehicles and the more theoretical (and even imaginary)
energy sources that might become reality in the future.

ADDITIONAL FEATURES

Each volume of Alternative Energy includes the overview, a glos-
sary called "Words to Know," a list of sources for more information,
and an index. The set has 100 photos, charts, and illustrations to
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enliven the text, and sidebars provide additional facts and related
information.
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Overview

In the technological world of the twenty-first century, few peo-

ple can truly imagine the challenges faced by prehistoric people as

they tried to cope with their natural environment. Thousands of

years ago life was a daily struggle to find, store, and cook food, stay

warm and clothed, and generally survive to an ‘‘old age’’ equal to

that of most of today’s college students. A common image of

prehistoric life is that of dirty and ill-clad people huddled around

a smoky campfire outside a cave in an ongoing effort to stay warm

and dry and to stop the rumbling in their bellies.

The ‘‘caves’’ of the twenty-first century are a little cozier. The

typical person, at least in more developed countries, wakes up each

morning in a reasonably comfortable house because the gas, pro-

pane, or electric heating system (or electric air-conditioner) has

operated automatically overnight. A warm shower awaits because

of hot water heaters powered by electricity or natural gas, and hair

dries quickly (and stylishly) under an electric hair dryer. An

electric iron takes the wrinkles out of the clean shirt that sat

overnight in the electric clothes dryer. Milk for a morning bowl

of cereal remains fresh in an electric refrigerator, and it costs

pennies per bowl thanks to electrically powered milking opera-

tions on modern dairy farms. The person then goes to the garage

(after turning off all the electric lights in the house), hits the

electric garage door opener, and gets into his or her gasoline-
powered car for the drive to work—perhaps in an office building
that consumes power for lighting, heating and air-conditioning,
copiers, coffeemakers, and computers. Later, an electric, propane,
or natural gas stove is used to cook dinner. Later still, an electric
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popcorn popper provides a snack as the person watches an electric
television or reads under the warm glow of electric light bulbs—
after perhaps turning up the heat because the house is a little
chilly.

CATASTROPHE AHEAD?

Most people take these modern conveniences for granted. Few
people give much thought to them, at least until there is a power
outage or prices rise sharply, as they did for gasoline in the United
States in the summer and fall of 2005. Many scientists, environ-
mentalists, and concerned members of the public, though, believe
that these conveniences have been taken too much for granted.
Some believe that the modern reliance on fossil fuels—fuels such
as natural gas, gasoline, propane, and coal that are processed from
materials mined from the earth—has set the Earth on a collision
course with disaster in the twenty-first century. Their belief is that
the human community is simply burning too much fuel and that
the consequences of doing so will be dire (terrible). Some of their
concerns include the following:

• Too much money is spent on fossil fuels. In the United
States, over $1 billion is spent every day to power the
country’s cars and trucks.

• Much of the supply of fossil fuels, particularly petroleum,
comes from areas of the world that may be unstable. The
U.S. fuel supply could be cut off without warning by a
foreign government. Many nations that import all or most
of their petroleum feel as if they are hostages to the nations
that control the world’s petroleum supplies.

• Drilling for oil and mining coal can do damage to the land-
scape that is impossible to repair.

• Reserves of coals and especially oil are limited, and even-
tually supplies will run out. In the meantime, the cost of
such fuels will rise dramatically as it becomes more and
more difficult to find and extract them.

• Transporting petroleum in massive tankers at sea heightens
the risk of oil spills, causing damage to the marine and
coastal environments.

Furthermore, to provide heat and electricity, fossil fuels have to
be burned, and this burning gives rise to a host of problems. It
releases pollutants in the form of carbon dioxide and sulfur into
the air, fouling the atmosphere and causing ‘‘brown clouds’’ over
cities. These pollutants can increase health problems such as lung
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disease. They may also contribute to a phenomenon called ‘‘global
warming.’’ This term refers to the theory that average temperatures
across the globe will increase as ‘‘greenhouse gases’’ such as carbon
dioxide trap the sun’s heat (as a greenhouse does) in the atmo-
sphere and warm it. Global warming, in turn, can melt glaciers and
the polar ice caps, raising sea levels with damaging effects on
coastal cities and small island nations. It may also cause climate
changes, crop failures, and more unpredictable weather patterns.

Some scientists do not believe that global warming even exists
or that its consequences will be catastrophic. Some note that
throughout history, the world’s average temperatures have risen
and fallen. Some do not find the scientific data about temperature,
glacial melting, rising sea levels, and unpredictable weather totally
believable. While the debate continues, scientists struggle to learn
more about the effects of human activity on the environment. At
the same time, governments struggle to maintain a balance
between economic development and its possible effects on the
environment.

WHAT TO DO?

These problems began to become more serious after the Indus-
trial Revolution of the nineteenth century. Until that time people
depended on other sources of power. Of course, they burned coal
or wood in fireplaces and stoves, but they also relied on the power
of the sun, the wind, and river currents to accomplish much of
their work. The Industrial Revolution changed that. Now, coal was
being burned in vast amounts to power factories and steam engines
as the economies of Europe and North America grew and devel-
oped. Later, more efficient electricity became the preferred power
source, but coal still had to be burned to produce electricity in
large power plants. Then in 1886 the first internal combustion
engine was developed and used in an automobile. Within a few
decades there was a demand for gasoline to power these engines.
By 1929 the number of cars in the United States had grown to
twenty-three million, and in the quarter-century between 1904 and
1929, the number of trucks grew from just seven hundred to 3.4
million.

At the same time technological advances improved life in the
home. In 1920, for example, the United States produced a total of
five thousand refrigerators. Just ten years later the number had
grown to one million per year. These and many other industrial
and consumer developments required vast and growing amounts of
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fuel. Compounding the problem in the twenty-first century is that
other nations of the world, such as China and India, have started to
develop more modern industrialized economies powered by fossil
fuels.

By the end of World War II in 1945, scientists were beginning to
imagine a world powered by fuel that was cheap, clean, and
inexhaustible (unable to be used up). During the war the United
States had unleashed the power of the atom to create the atomic
bomb. Scientists believed that the atom could be used for peaceful
purposes in nuclear power plants. They even envisioned (ima-
gined) a day when homes could be powered by their own tiny
nuclear power generators. This dream proved to be just that. While
some four hundred nuclear power plants worldwide provide about
16 percent of the world’s electricity, building such plants is an
enormously expensive technical feat. Moreover, nuclear power
plants produce spent fuel that is dangerous and not easily disposed
of. The public fears that an accident at such a plant could release
deadly radiation that would have disastrous effects on the sur-
rounding area. Nuclear power has strong defenders, but it is not
cheap, and safety concerns sometimes make it unpopular.

The dream of a fuel source that is safe, plentiful, clean, and
inexpensive, however, lives on. The awareness of the need for such
alternative fuel sources became greater in the 1970s, when the oil-
exporting countries of the Middle East stopped shipments of oil to
the United States and its allies. This situation (an embargo) caused
fuel shortages and rapidly rising prices at the gas pump. In the
decades that followed, gasoline again became plentiful and rela-
tively inexpensive, but the oil embargo served as a wakeup call for
many people. In addition, during these years people worldwide
grew concerned about pollution, industrialization, and damage to
the environment. Accordingly, efforts were intensified to find and
develop alternative sources of energy.

ALTERNATIVE ENERGY: BACK TO THE FUTURE

Some of these alternative fuel sources are by no means new. For
centuries people have harnessed the power of running water for a
variety of needs, particularly for agriculture (farming). Water
wheels were constructed in the Middle East, Greece, and China
thousands of years ago, and they were common fixtures on the
farms of Europe by the Middle Ages. In the early twenty-first
century hydroelectric dams, which generate electricity from the
power of rivers, provide about 9 percent of the electricity in the

Alternative Energyxxiv

OVERVIEW



Alternative Energy – Finals/ 5/3/2006 17:22 Page 25

United States. Worldwide, there are about 40,000 such dams. In
some countries, such as Norway, hydroelectric dams provide vir-
tually 100 percent of the nation’s electrical needs. Scientists,
though, express concerns about the impact such dams have on
the natural environment.

Water can provide power in other ways. Scientists have been
attempting to harness the enormous power contained in ocean
waves, tides, and currents. Furthermore, they note that the oceans
absorb enormous amounts of energy from the sun, and they hope
someday to be able to tap into that energy for human needs.
Technical problems continue to occur. It remains likely that ocean
power will serve only to supplement (add to) existing power
sources in the near future.

Another source of energy that is not new is solar power. For
centuries, people have used the heat of the sun to warm houses,
dry laundry, and preserve food. In the twenty-first century such
‘‘passive’’ uses of the sun’s rays have been supplemented with
photovoltaic devices that convert the energy of the sun into elec-
tricity. Solar power, though, is limited geographically to regions of
the Earth where sunshine is plentiful.

Another old source of heat is geothermal power, referring to the
heat that seeps out of the earth in places such as hot springs. In the
past this heat was used directly, but in the modern world it is also
used indirectly to produce electricity. In 1999 over 8,000 mega-
watts (that is, 8,000 million watts) of electricity were produced by
about 250 geothermal power plants in twenty-two countries
around the world. That same year the United States produced
nearly 3,000 megawatts of geothermal electricity, more than twice
the amount of power generated by wind and solar power. Geother-
mal power, though, is restricted by the limited number of suitable
sites for tapping it.

Finally, wind power is getting a closer look. For centuries
people have harnessed the power of the wind to turn windmills,
using the energy to accomplish work. In the United States, wind-
operated turbines produce just 0.4 percent of the nation’s energy
needs. However, wind experts believe that a realistic goal is for
wind to supply 20 percent of the nation’s electricity requirements
by 2020. Worldwide, wind supplies enough power for about nine
million homes. Its future development, though, is hampered by
limitations on the number of sites with enough wind and by
concerns about large numbers of unsightly wind turbines marring
the landscape.
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ALTERNATIVE ENERGY: FORWARD TO THE FUTURE

While some forms of modern alternative energy sources are
really developments of long-existing technologies, others are gen-
uinely new, though scientists have been exploring even some of
these for up to hundreds of years. One, called bioenergy, refers to
the burning of biological materials that otherwise might have just
been thrown away or never grown in the first place. These include
animal waste, garbage, straw, wood by-products, charcoal, dried
plants, nutshells, and the material left over after the processing of
certain foods, such as sugar and orange juice. Bioenergy also
includes methane gas given off by garbage as it decomposes or
rots. Fuels made from vegetable oils can be used to power engines,
such as those in cars and trucks. Biofuels are generally cleaner than
fossil fuels, so they do not pollute as much, and they are renew-
able. They remain expensive, and amassing significant amounts of
biofuels requires a large commitment of agricultural resources
such as farmland.

Nothing is sophisticated about burning garbage. A more sophis-
ticated modern alternative is hydrogen, the most abundant element
in the universe. Hydrogen in its pure form is extremely flammable.
The problem with using hydrogen as a fuel is separating hydrogen
molecules from the other elements to which it readily bonds, such
as oxygen (hydrogen and oxygen combine to form water). Hydro-
gen can be used in fuel cells, where water is broken down into its
elements. The hydrogen becomes fuel, while the ‘‘waste product’’ is
oxygen. Many scientists regard hydrogen fuel cells as the ‘‘fuel of
the future,’’ believing that it will provide clean, safe, renewable fuel
to power homes, office buildings, and even cars and trucks. How-
ever, fuel cells are expensive. As of 2002 a fuel cell could cost
anywhere from $500 to $2,500 per kilowatt produced. Engines
that burn gasoline cost only about $30 to $35 for the same amount
of energy.

All of these power sources have high costs, both for the fuel and
for the technology needed to use it. The real dreamers among
energy researchers are those who envision a future powered by a
fuel that is not only clean, safe, and renewable but essentially free.
Many scientists believe that such fuel alternatives are impossible, at
least for the foreseeable future. Others, though, work in labora-
tories around the world to harness more theoretical sources of
energy. Some of their work has a ‘‘science fiction’’ quality, but
these scientists point out that a few hundred years ago the airplane
was science fiction.
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One of these energy sources is magnetism, already used to

power magnetic levitation (‘‘maglev’’) trains in Japan and Germany.

Another is perpetual motion, the movement of a machine that

produces energy without requiring energy to be put into the

system. Most scientists, though, dismiss perpetual motion as a

violation of the laws of physics. Other scientists are investigating

so-called zero-point energy, or the energy that surrounds all matter

and can even be found in the vacuum of space. But perhaps the

most sought-after source of energy for investigators is cold fusion,

a nuclear reaction using ‘‘heavy hydrogen,’’ an abundant element in

seawater, as fuel. With cold fusion, power could be produced

literally from a bucket of water. So far, no one has been able to

produce it, though some scientists claim to have come very close.

None of these energy sources is a complete cure for the world’s

energy woes. Most will continue to serve as supplements to con-

ventional fossil fuel burning for decades to come. But with the

commitment of research dollars, it is possible that future genera-

tions will be able to generate all their power needs in ways that

scientists have not even yet imagined. The first step begins with

understanding fossil fuels, the energy they provide, the problems

they cause, and what it may take to replace them.
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