





9.11 Sources of Energy

@ The sun is the source of practically all our energy on Earth.
(Exceptions are nuclear and geothermal energy.) The energy from
burning wood comes from the sun. Even the energy we obtain from
Earth’s compost of the past—fossil fuels such as petroleum, coal, and
natural gas—comes from the sun. These fuels are created by photosyn-
thesis, the process by which plants trap solar energy and store it

as plant tissue.

Solar Power Sunlight is directly transformed into electricity by
photovoltaic cells, like those found in solar-powered calculators, or
more recently, in the flexible solar shingles on the roof of the build-
ing in Figure 9.17. We use the energy in sunlight to generate electric-
ity indirectly as well. Sunlight evaporates water, which later falls as
rain; rainwater flows into rivers and turns water wheels, or it flows
into modern generator turbines as it returns to the sea.

Wind, caused by unequal warming of Earth’s surface, is another
form of solar power. The energy of wind can be used to turn gen-
erator turbines within specially equipped windmills. Because wind
is not steady, wind power cannot by itself provide all of our energy
needs. But because the wind is always blowing somewhere, windmills
spread out over a large geographical area and integrated into a power
grid can make a substantial contribution to the overall energy mix.
Harnessing the wind is very practical when the energy it produces is
stored for future use, such as in the form of hydrogen.

< FIGURE 9.17
Solar shingles look like
traditional asphalt shingles
but they are hooked into
a home's electrical system.
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9.11 Sources of
Energy

Key Term
fuel cell

5&? Common Misconception
Electricity, steam, and other
transporters of energy are energy
sources.

FACT Sources of energy include
solar, geothermal, and nuclear
energy.

» Teaching Tip When
hydrogen is burned in vehicles,
as is presently being done with
commercial vehicles in Iceland,
only water vapor is ejected by the
exhaust. This makes it seem like
a dream fuel. The big problem is
that there is no free hydrogen to
burn. It must be removed from
molecules where it is abundant,
which takes energy that must
come from some energy source.
If gasoline is the source, then

it might as well be used in the
vehicles to begin with, for even
more pollutants would result at
the conversion site. Proponents
of a hydrogen economy usually
sidestep this basic physics. Saying
cars should be powered with
hydrogen is akin to saying

they should be powered with
electricity. Both are not sources
of energy—but carriers of
energy.



» Teaching Tip Sooner or
later, all the sunlight that falls
on an ecosystem will be radiated
back into space. Energy in an
ecosystem is always in transit—
you can rent it, but you can’t
own it.

» Teaching Tip When biologists
talk of energy in living systems,
they’'re talking about the same
energy discussed in this chapter.
Our bodies obey the same
principles that levers and other
machines obey.

» Teaching Tip When chemical
energy in gunpowder is suddenly
turned into thermal energy,
exiting gases expand rapidly and
push the bullet out of the gun.
In doing so, the gases lose some
of their energy and cool off.

This energy goes into the kinetic
energy of the bullet. Remarkably,
if you add up all this energy,

the total energy is the same.
Chemical energy is converted
into thermal energy and kinetic
energy, and the number of
Calories (or Joules) after firing is
exactly the same as was stored

in the gunpowder. Energy is
conserved.

CONCEPT : The sun is the source
CHECK : of practically all our

energy on Earth.

Teaching Resources

¢ Reading and Study
Workbook

¢ PresentationEXPRESS
¢ Interactive Textbook

FIGURE 9.18 A

When electric current passes
through water, bubbles of
hydrogen form at one wire and
bubbles of oxygen form at the
other. In a fuel cell, the reverse
process occurs: hydrogen and
oxygen combine to produce

water and electricity.

/Watch for the growth
of fuel-cell technology.
The major hurdle for
this technology is not
the device itself, but
with acquiring hydro-
gen fuel economically.
One way is via solar
cells.
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Fuel Cells Hydrogen, the least polluting of all fuels,
holds much promise for the future. Because it takes energy
to make hydrogen (to extract it from water and carbon
compounds), it is not a source of energy. A simple method
to extract hydrogen from water is shown in Figure 9.18.
Place two platinum wires that are connected to the ter-
minals of an ordinary battery into a glass of water (with
an electrolyte dissolved in the water for conductivity). Be
sure the wires don’t touch each other. Bubbles of hydro-
gen form on one wire, and bubbles of oxygen form on the
other. Electricity splits water into its constituent parts.

If you make the electrolysis process run backward, you
have a fuel cell. In a fuel cell, hydrogen and oxygen gas
are compressed at electrodes to produce water and electric
current. The space shuttle uses fuel cells to meet its elec-
trical needs while producing drinking water for the astro-
nauts. Here on Earth, fuel-cell researchers are developing
fuel cells for buses, automobiles, and trains.

Nuclear and Geothermal Energy The most concentrated
form of usable energy is stored in uranium and plutonium, which are
nuclear fuels. Interestingly, Earth’s interior is kept hot by producing
a form of nuclear power, radioactivity, which has been with us since
the Earth was formed.

A byproduct of radioactivity in Earth’s interior is geothermal
energy. Geothermal energy is held in underground reservoirs of hot
water. Geothermal energy is a practical energy source in areas of vol-
canic activity, such as Iceland, New Zealand, Japan, and Hawaii. In
these places, heated water near Earth’s surface is tapped to provide
steam for running turbogenerators.

Energy sources such as nuclear, geothermal, wind, solar, and
water power are environmentally friendly. The combustion of fossil
fuels, on the other hand, leads to increased atmospheric concentra-
tions of carbon dioxide, sulfur dioxide, and other pollutants.

As the world population increases, so does our need for energy.
With the rules of physics to guide them, technologists are now
researching newer and cleaner energy sources. But they race to keep
up with world population and greater demand in the developing
world.

CONCEPT: What is the source of practically all of our
CHECK: energy on Earth?



Energy Conservation Most energy consumed
in America comes from fossil fuels. Oil, natural
gas, and coal supply the energy for almost all
our industry and technology. About 70% of
electrical power in the United States comes from
fossil fuels, with about 21% from nuclear power.
Worldwide, fossil fuels also account for most
energy consumption. We have grown to depend
on fossil fuels because they have been plentiful
and inexpensive. Until recently, our consumption
was small enough that we could ignore their
environmental impact.

But things have changed. Fossil fuels are being
consumed at a rate that threatens to deplete the
entire world supply. Locally and globally, our fossil
fuel consumption is measurably polluting the air
we breathe and the water we drink. Yet, despite
these problems, many people consider fossil fuels

Science, Technology, and Society

to be as inexhaustible as the sun’s glow and as
acceptable as Mom's apple pie, because these
fuels lasted and nurtured us through the 1900s.
Financially, fossil fuels are still a bargain, but this
is destined to change. Environmentally, the costs
are already dramatic. Some other fuel must take
the place of fossil fuels if we are to maintain
the industry and technology to which we are
accustomed. The French have chosen nuclear, with
about 74% of their electricity coming from nuclear
power plants. What energy source would you
choose as an alternative?

In the meantime, we shouldn’t waste energy.
As individuals, we should limit the consumption
of useful energy by such measures as turning off
unused electrical appliances, using less hot water,
going easy on heating and air conditioning, and
driving energy-efficient automobiles. By doing
these things, we are conserving useful energy.

Critical Thinking In how many reasonable ways
can we reduce energy consumption?

L

CHAPTERS -~ ENERGY 163

LN

Science, Technology,
and Society

Discuss with students your local
and regional energy sources.
Note the environmental impact
in your area and ways it is being
reduced.

CRITICAL THINKING Accept any
reasonable answer as long

as students support their
suggestions with pros and cons.

» Teaching Tidbits In Iceland
93% of homes are heated by
geothermal power. In China

30 million households use solar
water heating. In the Philippines
27% of electricity is generated
from geothermal power. In
Denmark 20% of its electricity

is provided by wind turbines. As
of 2007, the state of Texas is the
leading wind-energy producer in
the US.
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