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Chapter 17

Capturing Energy
THE MAIN IDEA

^The Sun is our major source of energy not because it is so hot, but because it is so big.

Dirty energy is most convenient, and 
clean energy is most abundant.

In our search for energy sources, it is only natural 
to look to the Sun. The warmth you feel from the 
Sun, however, isn’t so much because the Sun is hot. 
Indeed, the Sun’s surface temperature of 6000°C is 
no hotter than the flame of some welding torches. 
Rather, the primary reason you are warmed by the 
Sun is because it is so big. Look at the lower right 
of this chapter’s opening photograph and you’ll see 
a small blue dot. This dot (painted on the photo-
graph) is the relative size of the Earth. Clearly, when 
we think about possible energy sources, the enor-
mous energy wealth at the heart of our solar system 
demands our serious attention.

A number of energy sources that do not 
depend on the Sun, however, are now available, 
including nuclear, geothermal, and tidal ener-
gies. But whenever we burn plant material, we are 
releasing solar energy that was captured through 
photosynthesis. Solar energy is also released 
when we burn fossil fuels, which are primarily the 
decayed remains of ancient photosynthetic plants. 
Electricity-producing hydroelectric dams, windmills, 
and photovoltaic cells are all driven by solar radia-
tion. Energy abounds. The technical issues we face 
concern how best to capture this energy.

17.1 Energy through Electricity

All usable energy, whatever the source, is delivered to us in 
the form of either fuel or electricity. The wonder of electricity 
is the ease with which it can be used to transmit energy across 
a distance and to many sites. This property makes electricity 
one of our most convenient forms of energy. Producing elec-
tricity, however, requires the input of some other source of 
energy, such as the burning of a fuel. We therefore begin this 
chapter with a brief overview of how electricity is generated 
and how its consumption is measured.

Why is electricity a convenient 
form of energy?
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Electricity is the flow of electric charge. It is generated when 
a metal wire is forced to move through a magnetic field. By coiling 
the wire into many loops and rotating the loops through powerful 
magnetic fields, power companies are able to generate enough 
electricity to light up cities. Figure 17.1 illustrates such an electric 
generator.

The many loops of wire wrapped around an iron core form 
what is known as an armature. The armature is connected to an 
assembly of paddle wheels called a turbine. Energy from wind or 
falling water can cause the turbine and thus the armature to rotate, 
but most commercial turbines are steam turbines, meaning they 
are driven by steam. To boil the water to create steam requires an 
energy source, which is usually a fossil fuel or a nuclear fuel. Then 
there are the more recent and more efficient gas turbines, which 
are driven not by steam, but by the hot combustion products of 
vaporized alcohols and lightweight hydrocarbons.

Steam expands and rises 
as it forms, and this can be 
used to drive a turbine. on 
the opposite side of the tur-
bine, however, the steam 
condenses back to the liquid 
phase. in doing so, its volume 
contracts dramatically. this 
creates a negative pressure 
that greatly enhances the 
flow of gas over the turbines, 
which is why steam turbines 
are so energy efficient.

FOR YOUR
INFORMATION

C O N C E P T   C H E C K
Is electricity more accurately thought of as a source of energy or as a carrier of energy?

CHECK  YOUR  ANSWER    Electricity is energy that is readily transported through wires. In this 
sense, it is best thought of as a carrier of energy. The energy of electricity is used to run a lightbulb, 
true, but the source of this energy is not the electricity. Rather, the electricity is merely delivering 
the energy that was generated by some electric generator, which received energy from some 
nonelectric source, such as a fossil fuel or a waterfall.

Figure 17.1 >
Basic anatomy of an electric gen-
erator. Electricity is generated in 
a looped wire as the wire rotates 
through a magnetic field. This 
motion causes electrons in the 
wire to slosh back and forth. 
Because the electrons are moving, 
they possess kinetic energy and 
so have the capacity to do work.
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What’s a Watt?
Power is defined as the rate at which electrical energy (or any other 
form of energy) is expended. By analogy, if energy is money, the 
power is the rate at which that money is spent. Electric power is 
measured in watts, where 1 watt is equal to 1 joule per second:

  1 watt = 1 joule/1 second

A lot of watts means that a lot of energy is being consumed quickly. 
A 100-watt lightbulb, for example, consumes 100 joules of energy 
each second, and a 40-watt bulb consumes only 40 joules each 
second. The lower the wattage of the bulb, the less energy you are 
consuming per second.

The typical U.S. household consumes electrical energy at 
an average rate of about 800 joules per second, or 800 watts. For a 
small city of 100,000 households, this adds up to a rate of 80 million 
watts, or 80 megawatts (MW). This, however, is just the average rate 
of energy consumption. To meet peak demands, electric power 
plants must sometimes quadruple their average output. This is why 
small cities that average 80 MW require electric power plants that 
can produce energy at a power rating of 300 megawatts or higher.

These needs are easily met by present-day power plants. A 
typical coal-fired plant produces on the order of 500 megawatts of 
electrical energy, a large nuclear plant can produce on the order of 
1500 megawatts, and a large hydro-electric dam can produce more 
than 10,000 megawatts.

One factor affecting the cost of electricity is the source of the 
energy. Fossil fuels and nuclear fuels produce hundreds of mega-
watts of power from a single power plant and are thus able to serve 
large areas, including cities (Figure 17.2). Therefore, economies of 
scale make electricity from fossil fuels and nuclear fuels relatively 
inexpensive. Electricity from sources that are not so easily central-
ized, such as wind energy, have traditionally been more expensive. 
However, this gap has narrowed significantly as technology has 
improved and the cost of fossil fuels has increased.

Our Aging Electric Power Grid
Today’s electric power grid had its beginnings in the late 1800s 
when Thomas Edison built the first public electric power station 
to service parts of New York City. He laid copper wires through 
existing culverts to reach customers within a 2-mile radius of his 
power station, which could reach no farther because it operated 
using a form of electricity known as direct current (DC). Soon, power 
stations were developed that served electricity using alternating 
current (AC), which can be efficiently transmitted through wires 
that are hundreds of miles long. In the United States, large service 
territories were then developed using alternating currents. Initially, 

^  Figure 17.2
According to the U.S. Energy Information 
Agency (EIA), coal, natural gas, and 
nuclear fuel are the predominant energy 
sources for the production of electricity 
in the United States.



© Conceptual Chemistry by John Suchocki

A moving armature gener-
ates electricity. The reverse 
is also true: Electricity (from 
an external source) can gen-
erate a moving armature. In 
such a case, the armature 
is called an electric motor, 
which, as you know, has 
numerous applications. Our 
standards of living changed 
markedly after the inven-
tions of electric generators 
and electric motors.

FOR YOUR
INFORMATION

each territory operated independently and was isolated from its 
neighbors. As the system grew, however, operators started to share 
resources by connecting their networks (Figure 17.3).

It’s important to understand that electricity is an on-demand 
commodity. Flick on a light switch and the nearest power station 
instantly works a little harder to provide the energy for that light. 
An advantage of the power grid is that if the demand for electricity 
at one station becomes excessive, electric power can be taken from 
the next nearest power station. The grid, therefore, acts as a buffer 
in that peak demand at one location can be offset by lower demand 
at another location.

One disadvantage, however, is the potential for regionwide 
blackouts. When a transmission line goes down, due to either a vio-
lent storm or the failure of equipment, the electrical energy that was 
to be passing through that transmission line must go somewhere. It 
then naturally flows into adjacent transmission lines that are already 
carrying heavy loads. As this happens, the voltage peaks beyond 
the capacity of the power lines, which are then tripped by circuit 
breakers to shut down. This causes a further buildup of electrical 
energy in the remaining lines, which also start shutting down. This 
process continues at an accelerating rate until power stations can 
shut down their generators. Within a matter of minutes, an entire 
region has lost power because of a single failure at one location.

^  Figure 17.3
The total length of the North American electric power grid, as developed over the past 100 years, is an estimated 
450,000 miles.
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Like its electric power grid, 
the transportation infra-
structure of the United States 
is woefully underfunded. 
this includes 4 million miles 
of roads, 600,000 highway 
bridges, 117,000 miles of 
rail, and 19,000 airports, 
most of which were built 
in the decades after World 
War II. Congressional stud-
ies estimate a shortfall of 
about $134 billion each year 
just for maintaining existing 
systems. if the goal also is to 
improve upon the systems, 
then the annual shortfall is 
about $189 billion.

FOR YOUR
INFORMATION

Ideally, the power grid would be built using the latest 
materials. Also, it would be equipped with computerized sensors 
throughout the system that would monitor the flow of energy. 
The sensors would allow for a quick and effective response to any 
potential issues within the grid. In such a case, we would have what 
electricity advocates call a “smart grid.” This, however, is not what 
we currently have. Instead, our “modern” power grid is a patchwork 
of wires put together over the past century. Some parts of the grid 
are new and capable. Most parts, however, are aging and already 
pushed to their limits.

According to the American Society of Civil Engineers (ASCE), 
from 2000 to 2010, the United States expended about $63 billion 
each year on upgrades to the power grid, including the building and 
upkeep of power stations and transmission lines. This, however, is 
about $75 billion short of what is actually needed. With continued 
underinvestment in our electrical infrastructure, the ASCE projects 
that by 2040, we will need to come up with another $730 billion (in 
2010 dollars) to bring the system into good repair. In the absence of 
this investment, we can expect an electric power grid that becomes 
less and less reliable. This would be unfortunate given that our 
economy and lifestyle are becoming more and more dependent 
upon this most convenient form of energy


