
Chapter 14: 

Nonrenewable Energy 

Sources 



14.1 Energy Use: Our Growing 

Dependence on Nonrenewable Fuels 

 U.S. and Canadian Energy Consumption 

 

 Energy use in the United States has shifted 
considerably over the years.  
 

 Today, the United States depends on a variety of 
fuel sources.  
 

 Fossil fuels provide the bulk of the energy.  
 

 Industry and business consume the majority of the 
fuel.  
 

 Transportation is another major energy consumer. 



 Like the United States, most more developed 

countries (MDCs) rely primarily on fossil fuels.  

 

 Less developed countries (LDCs) depend on fossil 

fuels as well, but they also receive a substantial 

amount of energy from various renewable fuels, 

especially biomass.  

 

 Americans make up a small portion of the world’s 

population but account for a very large percentage of 

the total energy consumption. 

 

Global Energy Consumption 



Figure 14.01: Changing options. Energy consumption in the United States by fuel type from 
1850 to the present.   

Source: US Statistical Abstract.  



Figure 14.02A: The U.S. energy profile. 
This pie chart shows the major energy 
sources in the United States in 2009.  

Figure 14.02B: Major energy consumers in the 
United States. Industry and transportation 

lead the pack.  



14.2  What is Energy?  

Energy comes in many forms. 

 It can be renewable or nonrenewable 

 It can be converted from one form to another 

 Energy conversion allows us to use energy 

 Energy can be neither created nor destroyed 

 No energy conversion is 100% efficient 

 

     

Figure 14.04: Different forms of energy. Energy can be changed from  one form to another; 
however, with each change a certain amount of energy is lost as heat.  

Adapted from D. D. Chiras, et al. Management for a 
Sustainable Future, Ninth edition. Pearson Education 
(2005): Upper Saddle River, NJ.  



14.3 Fossil Fuels: Analyzing Our Options 

 Energy does not come cheaply.  

 

 In addition to the economic costs, society pays a huge 
environmental price for its use of nonrenewable 
energy in damage to the health of its people and to 
the environment. 

 

 These impacts arise at every phase of energy 
production.  

 

 The most significant impacts arise from extraction and 
end use. 



Figure 14.05: Energy systems. Most of us are unaware of the many steps involved in 
providing us with energy.  



 Oil is extracted from deep 

 wells on the seafloor and 

 on land. 
     

 It is often found in 

 association with natural 

 gas. 
 

 After it is extracted, crude oil is heated and distilled to  

separate the useful fuel and nonfuel by-products. 
 

 The major impacts of the oil energy system come from oil 

spills and from combustion of oil and its by-products. 

  

 

 

  

 

 

Crude Oil 

© Hugh Rose/Accent Alaska 

Figure SOSD14.01: An oil drilling pad in Prudhoe Bay, 
Alaska. The delicate Arctic tundra will be damaged to 

supply more oil to satisfy America’s needs.  



Figure 14.08: Products from a 44-gallon barrel of oil. Total is more than 44 because of 
“processing gain.” 

Data from the American Petroleum Institute.  



 Natural gas is a combustible gas extracted from deep 
onshore and offshore wells.  

 

 Natural gas is used to heat homes, cook food, and heat 
water.  

 

 It is also used by factories and some power plants.  

 

 It is easy to transport within countries or from one 
country to its terrestrial neighbors.  

 

 Natural gas is a clean fuel compared to oil, oil by-
products, and coal.  

Natural Gas 



 Coal is the most abundant fossil fuel, but its extraction 
and use create enormous social, economic, and 
environmental costs. 

 

 Coal is removed by surface and underground mines, 
both of which create many environmental impacts.  

 

 Surface mining is especially damaging to the 
environment. 

 

 Proper controls can greatly reduce impacts and mine 
reclamation can help companies to return lands to 
their original use. 

Coal 



Figure 14.09: Contour strip mining. 
Contour strip mining is common in hilly 
terrain- for example, in the eastern U.S. 

coal fields.  

Figure 14.10: Mountaintop Coal Mine in 
West Virginia. Mines like this are extremely 

destructive to the environment and 
technically illegal. 

© Oleg Kozlov/ShutterStock, Inc.  



Figure 14.11A: Area strip mine. Aerial 
view of a strip mine.  

Figure 14.11B: In flat terrain, coal is extracted 
by strip mining.  

Courtesy of H.E. Malde/USGS Photo Library, Denver, Colorado  



Underground coal mines present health and 
safety hazards for miners.  

 

Many miners have been killed or injured by 
accidents in the past 60 years.  

 

Many others suffer from black lung disease, a 
crippling degenerative lung disease, as a 
result of exposure to coal dust. 

Coal 



Figure 14.12A: Black lung disease. Cross 
section of a normal lung.  

Figure 14.12B: Cross-section of a lung from 
a deceased coal miner who suffered from 
black lung disease. The black material is 

carbon from coal dust.  

© Donna Beer Stolz, Ph.D., Center for Biologic 
Imaging, University of Pittsburgh Medical School.  
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One of the biggest environmental problems from 

coal mining results from the release of sulfuric acid 

from abandoned 

 underground mines. 

 

The acid poisons 

 thousands of miles  

 of streams in the 

 eastern United 

 States 

Coal 

Figure 14.13B: Stream damaged by acid 
mine drainage.  

Courtesy of D. Hardesty/USGS  



Electric power plants are the major consumer 
of coal in the United States 

 

Pollution controls reduce the amount entering 
the atmosphere. 

 

The large number of power plants and the 
enormous quantities of coal burned still result 
in massive amounts of air pollution. 

 

Coal 



Several air pollutants contribute to two of the 

world’s most pressing environmental 

problems: 
 

 acid deposition 

 global climate change 

 

Pollutants captured by pollution control 

devices end up as solid waste, much of which 

is buried in landfills.  

Coal 



 Oil shale is a sedimentary rock containing an organic 

material (kerogen) that can be extracted from the 

rock by heating.  

 

 In a liquid state, this thick, oily substance, called 

shale oil, can be refined to make gasoline and a host 

of other chemical by-products.  

 

 Although it is abundant, oil shale is economically and 

environmentally costly to produce and is currently an 

insignificant source of fuel. 

 

Oil Shale 



Tar sands are sand deposits impregnated 

with a petroleum-like substance known as 

bitumen.  

 

Although there are large deposits, they are 

economically and environmentally costly to 

extract. 

Tar Sands 



Coal can be converted to gaseous and liquid 

fuels to replace oil and natural gas, but the 

processes are energy-intensive and produce 

much pollution. 

 

Coal Gasification and Liquefaction 



14.3 Fossil Fuels: Meeting Future 

Demand 

 Oil: The End Is Near 

 

 Global oil supplies appear to be quite large. 

 

 When one calculates how long they will last 
(based on historical increases in energy 
consumption), it appears that oil supplies may last 
only 20 to 40 years.  

 

 Long before the last drop of oil is removed, 
shortages will appear, with serious social and 
economic repercussions. 



Natural gas is a clean and rather abundant 

fossil fuel that could provide a source of 

energy as the world makes the transition to a 

more sustainable energy supply system. 

Natural Gas: A Better Outlook 



Coal supplies in the United States and many 

other countries are abundant, but evidence 

suggests that coal combustion is an 

environmentally unsustainable fuel. 

 

Coal: The Brightest Outlook, 

the Dirtiest Fuel 



Atoms are the building blocks 

of all elements.  

 

All atoms consist of positively 

charged nuclei, containing 

protons and neutrons, 

surrounded by large electron 

clouds in which the negatively 

charged electrons are found.  

 

Figure 14.18: Structure of the 
atom. Atoms consist of a 
dense central region, the 

nucleus, containing protons 
and neutrons.  



Elements are the purest form of matter. 

 

Although all atoms of a given element are the 

same type, some atoms contain slightly more 

neutrons.  

 

Those atoms with excess neutrons tend to be 

unstable and often emit radiation. 

Radioactive Atoms 



 Physicists have identified three major types of 
ionizing radiation released by radioactive atoms: 
 

 alpha particles 

 beta particles 

 gamma rays 

 

 They vary in mass and ability to penetrate.  

 

 All can cause electrons to be removed from 
molecules they strike.  

 

 The X-ray is an artificially produced form of radiation 
that resembles the gamma ray. 

Radiation 



Uranium atoms that undergo fission release 

additional neutrons, causing additional fission 

and heat.  

 

 

    

Understanding Nuclear Fission 

Figure 14.20A: Nuclear fission. In a fission reaction a uranium-235 nucleus struck by a 
neutron splits into two smaller nuclei. Neutrons and enormous amounts of energy are also 

released. 



Figure 14.20B: Nuclear fission. A chain reaction is brought on by placing fissile uranium-235 
into a nuclear reactor. Neutrons liberated during the fission of one nucleus stimulate fission 
in neighboring nuclei, which in turn release more neutrons. Thus, the chain reaction can be 

sustained. 



Understanding Nuclear Fission 

The chain reaction in a 

nuclear reactor is kept from 

running rampant by: 
 

 bathing the reactor 

 core with water 

 using control rods maintaining 

the 

 proper concentration 

 of the fuel in the fuel 

 rods 

 

Figure 14.22: The interior of a 
nuclear power plant containment 

building.  

Courtesy of Mark Marten/U.S. Department of Energy  



Figure 14.21: Anatomy of a pressurized nuclear power plant.  



Nuclear power has many 

redeeming qualities.  

Although it is the most 

expensive of the major 

sources of electricity, it 

fits well into the 

established electrical grid 

and produces very little 

air pollution. 

 

Nuclear Power: The Benefits 

Figure 14.23: The containment building of 
a nuclear power plant.  

© Corbis/age fotostock  



 Interest in nuclear power has declined 

substantially because of major problems, 

among them: 

 

 questions over reactor safety 

 unresolved waste disposal issues 

 low social acceptability 

 high costs 

 

Nuclear Power: The Drawbacks 



The effects of radiation on human health 

depend on many factors, such as: 

 

 amount of radiation  

 length of exposure 

 type of radiation 

 half-life of the radionuclide 

 age of the individual 

 the part of the body exposed 

Nuclear Power: The Drawbacks 



High-level exposure to radiation leads to 

immediate death in the highest doses and 

radiation sickness at lower ones.  

 

Radiation sickness is survivable, but victims 

of it often suffer from serious delayed effects, 

including cancer and sterility.  

 

Pregnant women suffer from miscarriages. 

 

Nuclear Power: The Drawbacks 



 Scientific studies show that exposure to low-level 

radiation has a measurable effect on human health, 

the most common effect being cancer. 

 

 Radionuclides often accumulate within tissues, where 

they irradiate cells.  

 

 Thus, seemingly low levels in the environment may 

become dangerously concentrated in certain regions 

in the body. 

 

Nuclear Power: The Drawbacks 



Figure 14.25: Cancer risk. This graph shows the relative risk of people exposed to radiation. 
Relative risk is a measure of the probability of developing cancer.  



Several major accidents at 

nuclear power plants have 

raised awareness 

 of the potential damage a 

 small mechanical or human 

 error might cause.   

Estimates suggest that many 

 additional accidents are 

 bound to occur in the future, 

 with costly social, economic, 

 and environmental impacts. 

 

Nuclear Power: The Drawbacks 

Courtesy of U.S. Department of Energy 

Figure 14.27: The remnants of 
human error. This photograph 

shows the Chernobyl  Number 4 
nuclear reactor soon after the 

1986 explosion.  



 Nuclear power has a long history in the United States  

 

 In the early years, many wastes were carelessly 

disposed of, whereas others remain stockpiled at 

nuclear power plants.  

 

 The U.S. nuclear industry still lacks acceptable 

means of disposing of the high-level wastes 

produced by reactors and uranium mills. 

 

Nuclear Power: The Drawbacks 



Nuclear power has become a socially 

unacceptable form of electricity in part 

because of high costs during all phases of 

operation, from construction to operation, 

repair, and retirement. 

 

Countries with nuclear power plants can 

develop atomic bombs from waste products. 

 

Nuclear Power: The Drawbacks 



 Breeder reactors are designed to produce  

energy and radioactive fuel from abundant  

nonfissile (nonfissionable) uranium-238  
 

 They could greatly increase the supply of  

nuclear fuels. 
 

 Unfortunately, breeder reactors are costly to  

build and take 30 years to produce as much  

radioactive fuel as they consume. 

Breeder Reactors 



Figure 14.30: Nuclear reactions in a breeder reactor.  



Figure 14.31: Two potentially useful reactions. Deuterium and tritium are isotopes of 
hydrogen atoms.  



Enormous amounts of energy are produced 
when small atoms fuse.  

 

Fusion reactors could be powered by plentiful 
fuel sources and could supply energy for 
many millions of years.  

 

However, technical problems, costs, and 
environmental hazards present major 
obstacles to the commercial development of 
this form of energy. 
 

Nuclear Fusion 



14.5 General Guidelines for Creating a 

Sustainable Energy System 

 There are many energy options, but not all are 

sustainable.  

 

 Creating a sustainable energy future will require a 

careful analysis of options for such factors as: 

 net energy yield 

 specific needs 

 efficiency 

 environmental impacts 

 abundance and renewability 

 affordability 

 



Figure 14.03: Global energy use. (a) More developed countries. (b) Less developed countries.  



14.6 Establishing Priorities 

Short-term goals (within 10–20 years) 

 In the near term, efforts are needed to: 

 improve the efficiency of all energy-consuming technologies  

 find sustainable alternatives to coal, crude oil, and their 

derivatives 

Long-term goal (within 50 years) 

 In the long term we must find sustainable 

replacements for natural gas. 

 


