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Chapter 17

Capturing Energy
THE MAIN IDEA

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

17.2 Fossil Fuels

Our fossil fuel supplies were created hundreds of millions of 
years ago primarily when ancient solar-energy-absorbing 
(photosynthetic) plants died and became buried in swamps, 
lakes, and sea beds. Upon decaying anaerobically (in the 
absence of O2), this plant material transformed into hydro-
carbons. Supplies of these energy-rich hydrocarbons cannot 
be replaced after we have used them up, which is why they 
are often referred to as nonrenewable energy sources. 

Estimates vary on the world’s supply of fossil fuels, 
which include coal, petroleum, and natural gas. Even the 
most conservative estimates, however, show that at pres-
ent consumption rates, recoverable petroleum reserves will 
be depleted within 100 years and recoverable natural gas 
reserves within 150 years. As depletion approaches, these 
valuable commodities will become much more costly. Coal 
reserves, on the other hand, are more abundant and may last 
another 300 years. 

Worldwide, nearly all our present energy needs are 
met by fossil fuels—38 percent from petroleum, about 30 per-
cent from coal, and about 20 percent from natural gas. Why 
are fossil fuels so popular? First, they are readily available in 
many regions of the world, as shown in Figure 17.4. Second, 
gram for gram, they store much more chemical energy com-
pared to other combustible fuels such as wood. Third, they 
are portable and make excellent fuels for vehicles.
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Gases emitted when fossil fuels are burned have negative 
environmental effects. As discussed in Section 10.5, sulfur and 
nitrogen oxide emissions lead to acid rain. These gases, along with 
particulates created from the combustion of fossil fuels, are also 
a leading cause of urban smog. On a global level, the burning of 
fossil fuels presents a potentially more devastating disturbance— 
increased global warming, as discussed in Section 16.7.

The molecular structure of a fossil fuel accounts for its phys-
ical phase. As shown in Figure 17.5, coal is a solid consisting of a 
tightly bound 3-dimensional network of hydrocarbon chains and 
rings. Petroleum, also called crude oil, is a liquid mixture of loosely 
held hydrocarbon molecules containing not more than 30 carbon 
atoms each. Natural gas is primarily methane, CH4, which has a 
boiling point of −163°C. Smaller amounts of gaseous ethane, C2H6, 
and propane, C3H8, are also found in natural gas.

Interestingly, there are other forms of fossil fuels. Canada, 
for example, is rich in its supply of oil sands, which are geologic 
deposits resembling a cross between coal and petroleum. These 
oil sands can be mined and treated to yield crude oil and natural 
gas. The processes involved, however, are energy intensive and 
pose environmental hazards. Nonetheless, the development of oil 
sand fossil fuels in Canada and other nations is progressing rapidly. 
The highly publicized Keystone pipeline passing from Canada to 
Houston, Texas, is a product of this industry.

Another example of an unconventional fossil fuel is meth-
ane hydrate. Most deposits of this material are located kilometers 

What accounts for the physical 
phase of a fossil fuel?

READING CHECK

^  Figure 17.4
With the exception of coal, fossil 
fuel deposits are not distributed 
evenly throughout the world. 
North America is now the leading 
exporter of natural gas because of 
fracking technologies. This conti-
nent also holds the largest reserves 
for two of the dirtiest sources of 
petroleum—from shale and oil 
sands deposits.



© Conceptual Chemistry by John Suchocki

beneath the ocean floor, but in certain locations, the deposits lie 
just beneath the ocean floor, where researchers can collect samples. 
Methane hydrate is a white, icy material made up of methane gas 
molecules trapped inside cages of frozen water, as shown in Figure 
17.6. According to the United States Geological Survey (USGS), the 
amount of natural gas stored within methane hydrate in the United 
States alone is about 320,000 trillion cubic feet. By comparison, 
natural gas reserves within the United States contain about 284 
trillion cubic feet. There is no shortage of methane hydrate. The 
problem is that compared to natural gas, this material is many times 
more difficult to extract. As a solid, it is not readily pumped from its 
deep underground or undersea locations. Also, it is usually found 
within nonporous rock, such as shale, which further helps to lock 
the methane underground. Researchers are now looking for ways to 
overcome these obstacles, and the search is on for relatively acces-
sible deposits. Even a small fraction of the vast methane hydrate 
reserves represents a supply of fossil fuel greater than all the world’s 
coal, petroleum, and natural gas combined.

^  Figure 17.5
Typical molecular structures of 
coal, petroleum, and natural gas.

<  Figure  17.6
The white icy material is a deposit 
of methane hydrate in which meth-
ane molecules are trapped within 
frozen water. Once brought to the 
surface, methane hydrate crystals 
quickly decompose as the ice melts 
and the methane gas—seen in the 
inset as having been ignited—is 
released.



© Conceptual Chemistry by John Suchocki

How is toast connected to a 
dinosaur?

CONNECTIONS
CHEMICAL

Coal Is the Filthiest Fossil Fuel
Worldwide, the amount of energy available from coal is estimated 
to be about ten times greater than the amount available from all 
petroleum and natural gas reserves combined. Coal is also the filth-
iest fossil fuel, because it contains large amounts of such impurities 
as sulfur, toxic heavy metals, and radioactive isotopes. Burning coal 
is therefore one of the quickest ways to introduce a variety of pol-
lutants into the air. More than half of the sulfur dioxide and about 
30 percent of the nitrogen oxides released into the atmosphere 
by humans come from the combustion of coal. As with other fossil 
fuels, the combustion of coal also produces large amounts of carbon 
dioxide. 

Extracting coal from the ground is also harmful to human 
health and to the environment. Mining coal from underground 
mines, as the workers in Figure 17.7 did, is a dangerous job with 
many health hazards, notably to the lungs. Also, local waterways 
are contaminated as they receive effluents from the mines. These 
effluents tend to be very acidic because of the sulfuric acid that 
forms from the oxidation of such waste minerals as iron sulfide, FeS2. 

When coal is mined from the surface, a process called strip 
mining, there are fewer occupational hazards, but the trade-off is 
that whole ecosystems are destroyed. Although strip mining is ini-
tially cheaper than digging, the cost of restoring the ecosystem 
can be prohibitive. Despite these drawbacks, due to its abundance, 
about 19 percent of the electric power generated in the United 
States comes from coal-fired plants.

There are several ways to make burning coal a cleaner pro-
cess. The coal can be purified before it is burned, pollutants can 
be filtered out after combustion, or the combustion process can 
be modified so that it is more efficient and fewer pollutants are 
produced.

Purifying coal prior to combustion usually involves pul-
verizing the coal and mixing it with detergents and water. As is 

Figure 17.7
Coal miners in Pennsylvania in 
the 1930s.
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demonstrated in Figure 17.8, the density of coal is lower than the 
density of any of its mineral impurities. A proper adjustment of the 
solution’s density therefore allows the coal to float to the surface, 
where it is skimmed off, while the impurities sink to the bottom. 
This method of purification, called flotation, adds further cost to 
the coal, which is already expensive because of the high mining 
and shipping costs. Nonetheless, flotation is successful at removing 
most of the coal’s mineral content, including up to 90 percent of 
the iron sulfide. Large quantities of sulfur still remain chemically 
locked in the coal, however. This sulfur can be removed only after 
combustion.

Most coal-fired utilities today remove any sulfur dioxide 
created when coal is burned by directing gaseous effluents into a 
scrubber, illustrated in Figure 17.9. Within the scrubber, the efflu-
ents come in contact with a slurry of limestone, CaCO3. Up to 90 
percent of the sulfur dioxide is removed as it reacts with the lime-
stone to form solid calcium sulfate, CaSO4, which is readily collected 
and sent to a solid-waste disposal site.

As a result of flotation and scrubbing technologies, sulfur 
dioxide emissions have decreased significantly over the past several 
decades despite an increase in the use of coal. This is promising, 
but given our dependence on coal, there is still plenty of room 
for improvement. For example, nitrogen oxide emissions have 
remained relatively constant. Also, equipping a coal-
fired power plant with a scrubber reduces the cost 
efficiency at which the coal energy is converted to 
electrical energy.

Fewer pollutants and greater cost efficien-
cies are achieved by redesigning the combustion 
process. In conventional power plants, pulverized 
coal is burned in a combustion chamber, where the 
heat vaporizes water in steam tubes. Newer cham-
bers send jets of compressed air into the pulverized 
coal, and as a result, the coal becomes suspended as 
it burns. This allows the coal to burn more efficiently 
and provides better transfer of heat from the coal to 
the steam tubes. Because air-suspended coal burns 
more efficiently, lower temperatures can be main-
tained, resulting in a tenfold decrease in nitrogen 
oxide emissions. (Recall from Chapter 9 that nitrogen 
oxides form as atmospheric nitrogen and oxygen are 
subjected to extreme temperatures.) Air-suspended 
coal can be burned in the presence of limestone, 
which removes more than 90 percent of the sulfur 
dioxide as it forms, thus avoiding the need for a 
scrubber. Cleaned of sulfur and nitrogen oxides, the 
hot, pressurized effluent can be directed into a gas 
turbine that generates electricity in tandem with the 

^  Figure 17.8
Pulverized coal floats on water, but 
impurities sink. This difference in 
densities allows a simple and effi-
cient means of purifying coal before 
it is burned.

^  Figure 17.9
A scrubber is used to remove most of the sulfur dioxide 
created when coal is burned.
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Adjusted for inflation, 
the price of gasoline has 
remained fairly constant 
over the past century.

FOR YOUR
INFORMATION

C O N C E P T   C H E C K
What is the major advantage of using coal as an energy source?

CHECK  YOUR  ANSWER   Coal is relatively abundant, which means it can be used as an energy 
source for many years to come.

steam turbine. Overall, this system converts coal energy to electrical 
energy with an efficiency of about 40 percent.

More efficient combustion is one possible future for coal. 
Another more hopeful future involves treating coal with pressurized 
steam and oxygen, a process that produces clean-burning fuel gases 
such as hydrogen, H2. All of these technologies are marketed by the 
coal industry to the general public as “clean coal.” Calling it “cleaner 
coal,” however, would be more accurate.

Petroleum Is the King of Fossil Fuels
The energy content of the coal reserves in the United States far 
exceeds that of the fossil fuel reserves of all Middle East nations 
combined. Why, then, does the United States import so much petro-
leum from these nations? The immediate answer is that petroleum 
is a liquid, and liquids are far more convenient to handle in bulk 
quantities.

Consider, for example, that because petroleum is a liquid, it 
is easy to extract from the Earth. Punch a hole in the ground in the 
right place and up it comes—no underground mining necessary. 
Being a liquid also makes petroleum easy to transport. Huge oil 
tankers easily load and unload liquid petroleum, as shown in Figure 
17.10. On land, petroleum can be pumped vast distances via a net-
work of pipelines. Coal, on the other hand, must be dug out of the 
ground with heavy machinery and shipped as solid cargo, usually 
aboard trucks or freight trains.

Petroleum is also versatile. It contains all the commercially 
important hydrocarbons, such as those that make up gasoline, 
diesel fuel, jet fuel, motor oil, heating oil, tar, and even natural gas. 
Furthermore, petroleum contains much less sulfur than does coal 
and so produces less sulfur dioxide when burned. So, despite its 
vast coal reserves, the United States has a royal thirst for petroleum, 
the king of fossil fuels.

Of the 20 million barrels of petroleum consumed each day 
in the United States, 19 million is burned for energy. The remain-
ing 1 million is used to provide raw material for the production of 
organic chemicals and polymers. Thus, only one-twentieth of the 
hydrocarbons consumed daily goes into useful materials. The rest 
is burned for energy and ends up as heat and smoke.
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Natural Gas Is the Purest Fossil Fuel
Natural gas is a component of petroleum, but there are also vast 
deposits of free natural gas in underground geologic formations. 
As discussed earlier, there is currently a boom in the extraction of 
natural gas from underground shale deposits using a process called 
hydraulic fracturing, also known as fracking (See Chapter Essay). 
The natural gas can be collected and stored in tanks like the ones 
shown in Figure 17.11.

Natural gas burns more cleanly than petroleum and much 
more cleanly than coal. This purest of fossil fuels contains negligi-
ble quantities of sulfur; hence, burning it produces insignificant 
amounts of sulfur dioxide. Also, because natural gas burns at lower 
temperatures, only small amounts of nitrogen oxides are produced. 
Perhaps most important, however, is that generating energy from 
natural gas produces less carbon dioxide—about half as much as 
that produced from burning coal. Because it is a gas, however, this 
fossil fuel is cumbersome to isolate and transport. Some experts 
suggest that switching to natural gas as much as possible may buy 
time and protect the environment until technologies for non-fossil 
energy sources are perfected and made competitive.

<  Figure  17.10
Petroleum is easily and cheaply trans-
ported because it is a liquid.

<  Figure  17.11
Natural gas is often stored in large 
spherical tanks, because this shape 
holds the greatest volume for a given 
amount of building material.
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C O N C E P T   C H E C K
Of the three forms of fossil fuels, which is most abundant worldwide? Which burns most cleanly? 
Which is easiest to transport?

CHECK  YOUR  ANSWER   Coal is most abundant. Because it contains few impurities, natural gas 
burns most cleanly. Because it is a liquid, petroleum is easiest to transport

Another advantage of natural gas is that it can be used to 
generate electricity with great efficiency. With a steam turbine, fossil 
fuel is burned in a boiler to produce steam, which runs the elec-
tricity-generating turbine, as shown in Figure 17.1. Such a system 
burning natural gas to boil the water produces electricity with 
an efficiency of about 36 percent, comparable to the 34 percent 
efficiency attained using coal. However, as mentioned in Section 
17.1, the latest development in turbine technology is the gas tur-
bine, in which the step of converting water to steam is eliminated. 
Instead, the hot combustion products of natural gas are what drive 
the paddle wheels of the turbine. In addition, the exhaust from 
the gas turbine is sufficiently hot to convert water to steam, which 
is then directed to an adjacent steam turbine to generate even 
more electricity. This system of using a gas turbine in tandem with 
a steam turbine can produce electricity with an efficiency as high as 
47 percent. Even higher efficiencies can be attained by chemically 
converting natural gas to molecular hydrogen, H2, which can be 
used to generate electricity in fuel cells, discussed in Section 11.4. 

Two types of natural gas are supplied to consumers—one 
containing primarily methane, CH4, and the other containing pri-
marily propane, C3H8. Methane is lighter than air, which makes it 

relatively safe to deliver through a network of pipes 
extending throughout a municipality. If a leak occurs, 
the methane merely rises skyward, minimizing the 
fire hazard. Propane is heavier than air and readily 
liquefies under pressure. Because of these proper-
ties, propane is best stored as a liquid in pressurized 
tanks like the one shown in Figure 17.12. Propane 
tanks are used in areas not connected to municipal 
gas lines and require periodic filling.

^  Figure 17.12
If you use gas and it is stored outside your home in a 
pressurized tank, you are using propane. If there is no 
tank outside your home, you are using methane.


