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Chapter 7  Earth’s Natural Resources

Learning Outcomes
In this section, you will

• Examine some of the 
environmental impacts 
of using fossil fuels. 

• Understand how the use of 
fossil fuels relates to one of 
Earth’s major geochemical 
cycles—the carbon cycle. 

• Understand the meaning of pH. 

• Understand how weather 
systems and the nature of 
bedrock geology and soil affect 
the impact of acid rain. 

• Determine ways that 
energy resources affect 
your community. 

• Analyze the positive and 
negative effects of energy 
use on communities.

Think About It 
Fossil fuels provide energy. As you have learned, the demand for 
fossils fuels has changed dramatically over the past 150 years. 
Today, the world’s use of fossil fuels is greater than ever. 
•  How does the burning of fossil fuels, especially coal, affect 

the environment?
•  What are some of the damages that occur from drilling and 

transporting oil?
Record your ideas about these questions in your Geo log. Be 
prepared to discuss your responses with your small group 
and the class.

Investigate 
Part A: Acid Rain

 1. The map on the following page shows the acidity of rainfall 
across the United States. Normal rainfall is slightly acidic (pH 
5.6, where 7.0 is neutral). Carbon dioxide in the atmosphere 
reacts with water to form a weak acid called carbonic acid. The 
lower the pH, the more acidic is the rainwater.

Section 4  Environmental Impacts and
Energy Consumption

What Do You See?
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a) What part of the United States has 
the most acidic rainwater? 

b) How does the pattern of rainwater 
pH correlate with the locations of 
coal-producing regions and coal-fired 
power plants? (See the map in the 
Investigate of Section 2.) 

c) What parts of the United States have 
the least acidic rainwater? Why? 

d) What can you infer about the 
direction in which wind and weather 
move across the United States? 

 2. Your teacher will pour an “acid rain” 
solution (pH of about 4.5) through 
samples of crushed limestone and 
granite. The pH will be tested after 
the solution is poured through the two 
types of rock. 

 3. Note your answers to the following 
questions in your Geo log:

a) What was the pH of the liquids after 
passing through the two types of 
crushed rock? 

b) Which type of rock—limestone 
or granite—neutralized more of 
the acid? 

c) Where would you expect a greater 
environmental impact from acid 
rain—in a region with granite 
bedrock or one with limestone 
bedrock? Explain your answer.

d) What does this investigation suggest 
about how areas may differ in their 
sensitivity to acid rainwater? 

 4. Your teacher will repeat the 
investigation using crushed samples 
of rock from your community. 

a) Record all your observations and 
explain your results.

Part B: Oil Spills

 1. Petroleum is one of the least expensive 
and most plentiful fuels. However, 
drilling and transporting petroleum 
can lead to spills that are dangerous 
to the environment. In these spills, 
large quantities of oil are released into 
the environment. Examine the table 
of the world’s largest oil spills on the 
following page. 
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Table 1: World’s Largest Oil Spills

Oil Spill Location Date Cause
Tons of Crude 

Oil Spilled

Gulf War 
Oil Spill

Persian Gulf, 
Kuwait

1991

As Iraqi forces retreated from Kuwait during the Gulf 
War, they opened the valves of oil wells and pipelines 
hoping to slow the approach of American troops. 
Crude oil fl owed into the Persian Gulf creating an oil 
slick that spanned an area just larger than the size of 
the island of Hawaii.

1,360,000–
1,500,000 

Lakeview 
Gusher

California, 
United States

1910
A blowout of a high-pressure oil well. Crude oil 
fl owed from the well for 18 months until crews were 
fi nally able to contain it. 

1,200,000

Deepwater 
Horizon

Gulf of 
Mexico

2010

A deepwater drilling platform off the coast of 
Louisiana exploded. The subsequent fi re damaged the 
rig, which capsized and sank after burning for hours. 
Oil fl owed from the wellhead on the Gulf of Mexico 
fl oor and into the Gulf of Mexico for three months 
before the well was fi nally capped.

560,000–
585,000

Ixtoc I Oil 
Well

Gulf of 
Mexico

1979

A pressure buildup sparked an accidental explosion 
on the Ixtoc I oil well in the Gulf of Mexico in June 
1979. The oil drilling platform then caught fi re and 
collapsed, rupturing valves. Over the next 10 months 
crude oil spouted into the Gulf of Mexico from the 
damaged oil well.

454,000 

Atlantic 
Empress I

Trinidad and 
Tobago

1979

In July 1979, a Greek oil tanker called the Atlantic 
Empress collided with another ship, the Aegean 
Captain, during a tropical storm off of the island of 
Tobago in the Caribbean Sea. Crippled by the accident, 
both vessels leaked their crude oil into the sea.

287,000 

Mingbulak 
Oil Spill

Uzbekistan 1992

A blowout caused oil to spill from an oil well in 
Fergana Valley, one of Uzbekistans’s most active 
energy and oil refi ning areas. After several months, 
the oil stopped fl owing by itself.

285,000

Nowruz 
Field 
Platform

Persian Gulf, 
Kuwait

1983

During the Iran-Iraq War, an oil tanker collided 
with the Nowruz Field Platform in the Persian 
Gulf, damaging the well underneath. The oil well 
immediately began leaking crude oil into the Gulf. 
Because the well was in a war zone, seven months 
went by before it was fi xed. 

260,000

ABT Summer
Off the coast 
of Angola

1991

Traveling from Iran to Rotterdam, the tanker ABT 
Summer experienced an explosion onboard and 
caught fi re while it was off the coast of Angola, 
leaking crude oil into the ocean.

260,000 

Castillo de 
Bellver

Off Saldanha 
Bay, South 
Africa

1983
In August 1983, a fi re aboard the Castillo de Bellver led 
to an explosion that caused the tanker to break in two. 
Oil spilled into the sea off the coast of Cape Town.

252,000 

Amoco 
Cadiz

Off Brittany, 
France

1978

The tanker Amoco Cadiz ran aground off the coast of 
Brittany after its steering failed in a severe storm. The 
ship split in two and quickly sank, spilling its load of 
crude oil into the English Channel.

223,000 
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 2. Construct a graph of oil spills and tons 
of crude oil spilled. 

 3. Use your graph and the table to 
complete the following:

a) What is the largest oil spill? Was this 
spill accidental?

b) List the oil spills that occurred on 
land. What is the largest inland 
oil spill?

c) List the oil spills that occurred at sea. 
What is the largest marine oil spill 
that was accidental?

d) Which oil spills occurred as 
petroleum was being drilled?

e) Which oil spills occurred as 
petroleum was being transported?

 4. One ton of crude oil is roughly equal 
to 7.33 barrels. One barrel is equal to 
about 159 L. 

a) For each spill, convert the tons of 
crude oil spilled to liters. 

b) If the Lakeview Gusher lasted for 
18 months, approximately how 
many liters per day did it spill?

c) If the Deepwater Horizon lasted for 
3 months, approximately how many 
liters per day did it spill?

 5. Examine the following graph that 
shows the annual quantities of oil 
spilled accidentally from tankers.

 6. Use the graph to complete the 
following:

a) Describe the relationship between the 
volume of oil spilled from tankers 
and time.

b) Which single year had the lowest 
volume of oil spilled?

c) Which three years had the greatest 
volume of oil spilled? Why was so 
much oil spilled in those years?
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ENERGY RESOURCES AND THEIR IMPACT ON 
THE ENVIRONMENT
Fossil Fuels and the Carbon Cycle
When a fossil fuel is burned, its carbon combines with oxygen to yield 
carbon dioxide gas (CO2). Fossil fuels supply 85 percent of the primary 
energy consumed in the United States. They are responsible for 98 percent 
of the country’s emissions of carbon dioxide. The amount of carbon 
dioxide produced depends on the carbon content of the fuel. For each 
unit of energy produced, natural gas emits about half of the carbon 
dioxide produced by coal. Petroleum fuels emit about three quarters. 
Scientists are trying to find out what is happening to all of this carbon 
dioxide. They want to know how it affects the Earth system. 

According to the first law of thermodynamics, the amount of energy 
always remains constant. The amount of chemical energy consumed when 
a fossil fuel is burned equals the amount of heat energy released. 
Scientists think of matter in a similar way. Matter cannot be created or 
destroyed. The law of conservation of matter helps you to understand 
what happens when one type of matter is changed into another type. For 
example, fossil fuels consist mainly of hydrocarbons. They are made up of 
hydrogen and carbon. When a fossil fuel is burned, the carbon is changed 
chemically into carbon dioxide. The amount of carbon used equals the 
amount of carbon produced. The carbon never “goes away.” It moves 
from one reservoir in the Earth system to another.

Previously, you may have 
learned about the carbon 
cycle. It is the idea that many 
processes work together in a 
global movement of carbon 
from one reservoir to another. 
(See Figure 1.) You have learned 
about several important 
reservoirs of carbon. The 
atmospheric reservoir of carbon 
is carbon dioxide gas. Biomass 
contains carbon (mostly carbon 
in plants). In the geosphere, 
carbon is found in soil as well 
as in solids such as coal and 
limestone. It is found in liquids 
such as petroleum hydrocarbons. 
It is also found in gas (methane). 
The ocean is the largest 
reservoir of carbon (exclusive of 
carbon-bearing bedrock), found 
in the form of bicarbonate salts.

Digging Deeper

Geo Words
first law of 
thermodynamics: 
the law that energy 
can be converted 
from one form to 
another but be 
neither created nor 
destroyed. 

law of conservation 
of matter: that law 
that in chemical 
reactions, the 
quantity of matter 
does not change.

carbon cycle: the 
continuous exchange 
and recycling of 
carbon through the 
Earth system.

Figure 1 Global carbon cycle. Fluxes (changes) 
are given in billion metric tons per year and 
reservoirs in billion metric tons.
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Photosynthesis and respiration cause most of the movement (flux) of 
carbon dioxide between the atmosphere, land, and oceans. (The wide 
blue arrows show this flux in Figure 1.) The smaller red arrows show the 
flux of carbon due to human (anthropogenic) activities. Natural processes 
such as photosynthesis can remove some of the net 6.6 billion metric 
tons of anthropogenic carbon dioxide emissions produced each year. This 
means that an estimated 3.3 billion metric tons of this carbon is added to 
the atmosphere annually in the form of carbon dioxide.

By measuring concentrations of carbon dioxide in the atmosphere 
over time, scientists have learned that levels of carbon dioxide in the 
atmosphere have increased about 25 percent in the last 150 years. 
(See Figure 2.) 

  Figure 2 Atmospheric CO2 concentrations and anthropogenic CO2 
emissions over time.

Scientists believe that human activity has caused this growth. This 
coincides with the beginning of the industrial age. The increase is due 
largely to the burning of fossil fuels and deforestation. (See Figure 1.) 
How does this affect the Earth system? Carbon dioxide is one of several 
greenhouse gases. These are gases that slow the escape of heat energy 
from Earth to space. Some scientists believe that the rapid addition of 
carbon dioxide to the atmosphere is changing the energy budget of 
Earth, causing global climate to warm.

Geo Words
anthropogenic: 
generated or 
produced by human 
activities.

greenhouse gases: 
gases in Earth’s 
atmosphere that 
absorb certain 
wavelengths of the 
long-wavelength 
radiation emitted to 
outer space by Earth’s 
surface. 

EC_Natl_SE_C7.indd   769 7/13/11   12:25:24 PM



EarthComm
770

Chapter 7  Earth’s Natural Resources

Coal and Acid Rain 
Acidity is a measure of the concentration of hydrogen ions (H+) in an 
aqueous (water) solution. A solution with a high concentration of 
hydrogen ions is acidic. One with a low concentration is basic. The 
concentration of hydrogen ions is important. This is because they are very 
reactive with other substances. Mixing acids and bases can cancel out 
their effects. This is much like how mixing hot and cold water evens out 
the water temperature. That is because the concentration of hydrogen 
ions in the mixture is between that of the two original solutions. A 
substance that is neither an acid nor a base is said to be neutral.

The pH scale shown in Figure 3 measures how acidic or basic a substance 
is. It ranges from 0 to 14. A pH of 7 is neutral, a pH less than 7 is acidic, 
and a pH greater than 7 is basic. Each whole pH value below 7 is 10 times 
more acidic than the next higher value, meaning that the concentration of 
hydrogen ions is 10 times as great. For example, a pH of 4 is 10 times more 
acidic than a pH of 5 and 100 times (10 times 10) more acidic than a pH 
of 6. The same holds true for pH values above 7, each of which is 10 times 
more alkaline (another way to say basic) than the next lower whole value. 
For example, a pH of 12 is 10 times more alkaline than a pH of 11.

 Figure 3 The pH scale.

Geo Words
acid: a compound 
or solution with a 
concentration of 
hydrogen ions greater 
than the neutral 
value (corresponding 
to a pH value of less 
than 7). 

base: a compound 
or solution with a 
concentration of 
hydrogen ions less 
than the neutral value 
(corresponding to a 
pH value of greater 
than 7). 

neutral: having a 
concentration of 
hydrogen ions that 
corresponds to a 
value of pH of 7.
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Pure water is neutral. It has a pH of 7.0. Natural rainwater, however, is 
mildly acidic. Its pH is about 5.7. The reason is that carbon dioxide in the 
atmosphere dissolves in rainwater. Some of this dissolved carbon dioxide 
reacts with the water to form a weak acid, called carbonic acid (H2CO3). 
As the carbon dioxide content of the atmosphere has gradually increased 
in recent decades due to the burning of fossil fuels, natural rainwater has 
become slightly more acidic. This is in addition to the serious problem of 
acid rain caused by sulfur dioxide.

You learned that coal contains as much as five percent sulfur. When the 
coal is burned, the sulfur is emitted as sulfur dioxide gas (SO2). The sulfur 
dioxide then reacts with oxygen and then with water in the atmosphere 
to form sulfuric acid. This is a strong acid. The last reaction in this process 
is written as follows:

SO3  +  H2O    H2SO4

Some of the sulfuric acid then dissociates into hydrogen ions and sulfate 
ions in solution in the water. This reaction can be broken down into two 
parts, as follows:

H2SO4    H+  +  HSO3
–    2H+  +  SO4

2–

The H+ ions reach Earth’s surface dissolved in raindrops. This happens 
either over land or over the ocean. Burning of fuels also produces 
nitrogen-oxide gases. These gases react with water to form nitric acid, 
another strong acid. Some of the nitric acid breaks down to release 
hydrogen ions, by a reaction similar to that of sulfuric acid. Burning of 
coal is not the only source of sulfuric acid and nitric acid. Petroleum-
fueled power plants, smelters, mills, refineries, and motor vehicles 
produce these acids as well.   

Acid rain is especially damaging to 
lakes. If the pH of lake water becomes 
too acidic from acid rain, it kills fish, 
insects, aquatic plants, and plankton. 
Environmental scientists describe lakes 
that have suffered heavily from acid 
rain as “dead.” This is because the 
entire food web of the lake has been 
disrupted to the point where little is 
left alive in the lake.

Acid rain is a serious problem in 
many areas of the United States. 
The biggest problem is in the 
Northeast. The reason is that there 
are a large number of coal-fueled 
electric power plants in the Midwest. 

Figure 4 This marble gravestone from 
1921 is being slowly dissolved by 
acid rain.
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This is especially true in the heavily populated areas of Ohio, Michigan, 
and Illinois. These plants burn mostly the relatively high-sulfur coal that 
is mined in the interior coal province. (See Section 2.) Winds blow mostly 
from west to east in the mid-latitudes of North America. This tends to 
bring the acids to the Northeast, where large amounts fall with rain.

Another reason for the impact of acid rain in the northeastern United 
States has to do with the types of rock and soil in that region. In the 
Investigate, you learned that limestone has a greater ability to neutralize 
acid than granite. If the soil upon which acid rain falls is rich in limestone, 
the acid rain may be neutralized. Also, if the underlying bedrock is either 
composed of limestone or marble, then the acid rain may be neutralized. 
This is because limestone and marble are more alkaline (basic). They 
produce a higher pH when dissolved in water. The higher pH of these 
materials dissolved in water offsets or buffers the acidity of the rainwater. 
This produces a more neutral pH.

If the soil is not rich in limestone or if the bedrock is not composed of 
limestone or marble, then no neutralizing effect takes place. The acid 
rainwater then accumulates in the bodies of water in the area. This applies 
to much of the northeastern United States. There, the bedrock is typically 
composed of granite. Granite has no neutralizing effect on acid rainwater. 
Therefore, over time, more and more acid precipitation accumulates in 
lakes and ponds.

Coal supplies about half of all electricity generated in the United States. In 
recent years, the problem of acid rain has grown. Because of this, various 
technologies have been developed. Their purpose is to reduce the emission 
of sulfur dioxide from coal-fueled electric power plants. The general term 
for these processes is flue-gas desulfurization. It is also called scrubbing.

Several kinds of scrubbers are used. The most common is the wet scrubber. 
In wet scrubbing, the flue gas from the power plant is sprayed with a 
calcium carbonate solution in the form of a slurry. The SO2 is oxidized to 
form calcium sulfate. Scrubbers of this kind can remove up to 95 percent 
of the SO2 that is emitted from the power plant. Scrubbers can have a 
useful by-product. Certain kinds of scrubbers are now in operation that 
produce pure calcium sulfate (gypsum) as a by-product. This gypsum can 
then be used industrially, to make plaster and wallboard, rather than 
having to be mined and processed.

Oil Spills and the Environment

In the previous section, you learned that oil is one of the world’s main 
sources of energy. The global consumption of petroleum has risen from 
21 million barrels per day in 1960 to over 84 million barrels per day in 
2009. In the United States it is the primary energy source. But, as you 
determined, the United States does not have enough oil to meet its 
consumption needs. It must import oil from other parts of the world. 

Geo Words
scrubbing: removal 
of sulfur dioxide, ash, 
and other harmful 
by-products of the 
burning of fossil 
fuels (sulfur dioxide, 
ash, etc.) as the 
combustion products 
pass upward through 
a stack or flue.
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Because oil is unevenly distributed, it must be transported by ships across 
oceans and by pipelines across land. By far the greatest oil reserves are in 
the Middle East. Major transportation routes originate from there. The 
massive transport of oil around the globe sometimes results in accidents. 
Oil spills occur when oil is transferred to vessels, as it is transported across 
oceans, and when pipelines break. They can also occur during drilling 
operations. While massive and catastrophic oil spills receive most of the 
attention, smaller oil spills occur regularly. 

The impacts of oil spills include contamination of 
coastal and marine ecosystems as well as human health 
problems. When oil spills occur in the ocean, waves, 
ocean currents, and wind often move the oil on shore. 
When oil reaches the coast, it interacts with sediments 
such as beach sand, gravel, rocks, and boulders. Beach 
sand and gravel saturated with oil may be unable to 
protect and support coastal vegetation. Rocks and 
boulders coated with oil can be toxic to coastal wildlife.

Marine oil spills can also be harmful to deep ocean and 
coastal fisheries. Oil residue is not only toxic, but sticky. 
As a result, marine life can be poisoned and smothered. 
Oil can also contaminate bottom organic matter, 
interrupting the marine food chain on which fish 
and other organisms depend.

Oil spills can affect humans as well. There are potential 
health impacts that can result from oil spills. These 
include accidents suffered by those on damaged 
tankers and drilling platforms. Those who inhale toxic 
fumes or eat fish or shellfish contaminated by oil can 
become ill. Many coastal areas are heavily populated. 
They also tend to provide recreational activities such as fishing, boating, 
swimming, and scuba diving. When oil invades these areas, housing 
values decrease and recreational activities decline. This can have 
long-term effects on the local economy.

  Figure 6 Oil that has moved from a spill and onto a beach, mixing 
with gravel.

Figure 5 Spilled oil 
that has moved 
into a marsh.
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Deepwater Horizon Oil Spill
The Deepwater Horizon oil spill is the largest accidental marine oil spill in 
history. It was caused by an explosion on the offshore oil platform in the 
Gulf of Mexico. It took place about 80 km southeast of the Mississippi River 
delta on April 20, 2010. The platform sank in about 1500 m of water two 
days later. Most of the 126 workers on the platform were safely evacuated. 
However, 11 workers were never found.

Figure 7 The first picture shows the Deepwater Horizon platform before the explosion 
being transported to its drilling location. The second picture shows the platform 
being consumed by fire after the explosion. The platform sank not long after this 
photo was taken. 

The sinking of the platform caused crude oil to gush out of the riser. The 
riser is a pipe that connects the well at the ocean floor to the drilling 
platform on the surface. Initial attempts to shut down the flow failed. A 
safety device called a blowout preventer could not be activated. Another 
series of efforts, including covering the well with a 125-ton containment 
dome, also failed to stop the leak. Finally, on July 15, 2010, a containment 
cap was able to stop the flow of oil into the Gulf of Mexico from the 
gushing well for the first time in 86 days. Shortly thereafter, cement was 
pumped into the well to seal it permanently. 

The exact amount of oil that flowed into the Gulf of Mexico has been 
controversial. A team of government scientists has stated that the final 
amount of leaked oil is close to 4.9 million barrels. The oil slick produced 
was huge. It covered as much as 75,000 km2. This is an area about the size 
of South Carolina. About six weeks after the explosion of the platform, 
oil had come ashore in Louisiana, Mississippi, Alabama, and Florida. In 
those weeks, a lot of wildlife died. Scientists also discovered enormous 
oil plumes in the deep waters of the Gulf of Mexico. This raised concerns 
about impacts to the marine ecosystem far below the surface. These 
impacts would be difficult to assess.
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  Figure 8 This image was taken by NASA’s AQUA satellite on June 19, 2010. 
It shows oil spreading in a northeast direction from the leaking Deepwater 
Horizon well. 

Efforts to clean up the spill and limit its damage included the use of fire 
booms. These are U-shaped devices that were towed behind boats and 
used to pull oil to controlled areas for safe burning. Dispersents were also 
sprayed on the oil. These chemicals changed the chemical and physical 
properties of the oil in order to reduce its potential effects. Sand berms  
were also constructed along the Gulf Coast to capture oil from the spill. 

The Deepwater Horizon oil spill is considered by many to be the worst 
environmental disaster the United States has ever faced. Since the oil 
spill, thousands of dead animals have been collected. This includes 
birds, sea turtles, and dolphins. Hundreds of thousands of people and 
businesses were also affected. These businesses depend on the beaches 
and marshy bays of the Gulf Coast. Scientists predict that the threats 
posed by the oil spill will continue for many years to come. 

Advantages and Disadvantages of Energy Resources
Energy resources affect the community in many ways. Some ways are 
positive. Others are negative. Energy resources allow you to maintain a 
very high quality of life. They also indirectly provide jobs for many people. 
Yet, the use of them can have obvious and subtle negative impacts. One 
of the most obvious negative impacts is a deterioration of air quality. This 
is due to the burning of fossil fuels. More subtle impacts include acid rain, 
possible global warming, and groundwater contamination. They can also 
be a financial burden on households. It is important to realize that you 
can help to reduce these negative impacts. Personally and as a member 
of the community, you can control how you use energy resources.

Checking Up
1. Describe the 

carbon cycle in 
relation to the 
consumption of 
fossil fuels. 

2. Explain what is 
meant by the 
phrase “Earth is 
a closed system 
with respect to 
matter.” How does 
this statement 
relate to the law 
of conservation 
of matter? 

3. In your own words, 
explain the concept 
of pH. 

4. Why is acid rain a 
greater problem in 
the Northeast than 
elsewhere in the 
United States? 

5. How is sulfur 
dioxide removed 
from the gases 
emitted from coal-
fueled electric 
power plants? 

6. Describe some 
of the impacts of 
an oil spill on the 
environment.
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Think About It Again
At the beginning of this section, you were asked the following:
• How does the burning of fossil fuels, especially coal, affect the environment?
• What are some of the damages that occur from drilling and transporting oil?
Record your ideas about these questions now. Refer to the effects of acid rain and 
oil spills in your answer.

Reflecting on the Section and the Challenge
In this section, you looked at some environmental impacts of using fossil fuels to produce 
energy. You explored the extent to which acid rain affects a region. You learned that the 
effects depend on several factors. These include the nature of the rock and soil, weather 
patterns, and the location of coal-fired power plants. You also examined the world’s 
largest oil spills. You read about some of the impacts that oil spills can have on the 
environment. This will help you to understand how the growing use of energy resources 
by your community might impact the Earth system.

Understanding and Applying

 1. What are some of the positive impacts associated with the use of energy resources? 

 2. What are some of the negative impacts associated with the use of energy resources? 

 3. The unit used to measure the amount of SO2 gas emitted by a coal-fired power plant 
is pounds of SO2 per million Btu (lb SO2/MBtu). 

a)  Assume a 1000-megawatt power plant emits 2.5 lb SO2/MBtu. Calculate the 
amount of SO2 gas emitted in one year, assuming that the plant operates on 
average at 75 percent capacity. (Note: 1 kWh = 3413 Btu.)

b)  Assume that the coal used has an energy output of 10,000 Btu/lb and has a 
heat-to-electricity efficiency of 30 percent. How many tons of coal does the 
plant use each year? 

 4. At the present time the United States has about 489 billion tons of coal reserves 
and the average annual production is about 1.07 billion tons. 

a) Calculate how many years the reserves will last at the present production rate. 

b) What would cause the reserves to run out sooner than this number? 

c) What would cause the reserves to run out later than this number? 

 5. Assume that you live in a small community in the Midwest. The electricity for 
the community is provided by a 1000-megawatt power plant, and the electricity 
is produced entirely by the burning of coal. The power plant is located in the 
community and provides employment to about 75 employees. The coal comes from 
an underground coal mine about 50 mi away. The coal mine produces about one 
million tons of coal a year and employs about 150 people. Many of the people that 
work in the mine also live in your community. The sulfur content of the coal is about 
4.5 percent and the ash content is about 11 percent. Environmental laws require 
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that over the next 10 years the power plant must reduce SO2 emissions by 60 percent. 
Also, a “carbon tax” will be levied on electricity produced from coal to address 
global warming issues. There are a number of ways that this can be done, including 
retrofitting the power plant to burn natural gas (natural gas emits half the CO2 gas and 
almost no SO2 gas), install a wet scrubber, conserve electricity, etc. 

Answer the following questions: 

a) How will the implementation of environmental laws affect your community? 

b)  What alternatives does your community have to address changes that could 
be made to minimize the impact? 

c) How will the community gain from the environmental laws?

 6. Preparing for the Chapter Challenge 

Your challenge is to prepare a plan that will help your community to meet its growing 
resource needs. Part of your plan must address how the use of energy resources impacts 
the environment. Based upon what you have learned in this section, write an essay 
about the impacts that fossil fuels can have on communities.

Inquiring Further 
 1. Oil spill cleanup

In the Investigate, you learned about the world’s largest oil spills. In the Digging 
Deeper, you learned more about the Deepwater Horizon spill and the effects that oil 
spills can have on the environment. Find out more about the methods that have been 
used to clean up oil spills. How effective are these methods?

 2. Acid rain and other Earth systems 
How has acid rain affected your community? How do the processes that lead to 
acid rain also work to lower the pH of groundwater? The latter is a challenge that 
community officials must face in areas that are mined for coal and some kinds of 
minerals. Extend your investigation into acid rain by examining acid mine drainage. 
The EarthComm Web site at http://www.agiweb.org/education/earthcomm2/ will help 
you to extend your investigations. 

 3. Coal mine 
Investigate the coal mine closest to your community. What are the percent sulfur, weight 
of SO2 per million Btu, and percent ash for the coal? What reclamation steps do they take? 

 4. Power plant 
Investigate the power plant closest to your community. If possible, have your teacher 
arrange a field trip to this plant. 
a) Which fuels do they use? 
b) What are the sources of these fuels? 
c) What is their capacity, in megawatts? 
d) How many people do they employ? 
e)  What do they do with the ash (that is, the solid materials that are caught as they 

pass up through the flue of the plant)?
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