
O.P.E.C 
Org. of Petrol. Exporting Countries 
•  1973 - restricted shipments to U.S. 
–  huge crisis (with only 5% drop) 
–  long lines, high prices 

•  Cars became                                             
more efficient 
•  Speed limit                                            
lowered to 55 mph 
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• Only 22.3% of global population 
lives in developed countries 
•  These people consume 68% of 
commercial energy 
•  Each person in a developed 
country consumes 7.4x as much 
energy  



Developed Nations 
•  Food production in developed 

nations requires much more energy 
•  Energy consumption is increasing 
worldwide by 1.6% annually 





How Fossil Fuels Were 
Formed 

• All fossil fuels come from 
organic matter that has been 
buried and exposed to heat 
and pressure over long 
periods of time 
•  Coal, Oil, Natural Gas 



Coal Formation 

•  Coal = mostly carbon,                              
some water and sulfur 

• Rock formed in several stages 
– Buried remains of plants          
pressurized & heated 
– Sulfur is incorporated                            
into coal as it forms 
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Oil Formation 
• Microscopic aquatic protists die 
–  Buried remains pressurized & 
heated 
–  seeps through porous rock 
–  trapped under non-porous rock 

•  Oil made of many hydrocarbon 
compounds, petrochemicals 



Natural Gas Formation 
• Similar to oil formation 
–  Buried remains pressurized & 
heated to a much higher temp 
–  Natural Gas = mainly methane, 
much fewer hydrocarbons, burns 
much cleaner than oil 
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Peat 
•   Not a coal 
•  Beginning stage of coal 
development 



Lignite Coal 
• Brown coal 
• Low heat 
• Limited supplies 
• Low sulfur content 



Bituminous Coal 
• Soft coal 
• Most commonly used 
• High heat content 
• Large supplies 
• High sulfur content 



Anthracite 
• Hard coal 
• High heat content 
• Takes longest to form 
• Fewer supplies, expensive 
• Low sulfur 



Formation of Types of Coal 



Coal Mining 
• Subsurface Mining - 40% of mining 

in U.S. 
– very dangerous (black lung, etc.)  
– labor intensive (requires 5x more 
workers) 
– acid drainage, land                           
subsidence 



Coal Mining 
• Surface Mining - 
• Very destructive because large 

amounts of topsoil are removed 
•  Rain combines 
with spoil banks 
to make                                               
sulfuric acid,                                  
pollutes water 



Coal Reserves 
• Most abundant fossil fuel, primarily 

in Northern Hemisphere 
•  Most coal deposits have been 
located 
•  Enough to last 200 years;  

•  deep, too-expensive deposits 
could last 1,000 years 





How is Coal Used? 
• 25% of world’s commercial 

energy 
– 62% of world’s electricity 
– 75% of world’s steel 

•  China is world’s largest 
consumer (76% of their energy) 
•  Coal = 50% of U.S. electricity 



 Remaining Coal Reserves 
• Depends on: 
– How many oil and gas 
reserves are located? 
– Technological breakthroughs? 
– Rate of consumption? 
– Economic factors? 



Safety & Environmental 
Problems with Coal 

• Human Impacts 
–  Black Lung Disease 
–  Accidents (fire, gases, 
crushing) 



Environmental Impacts of 
Mining Coal 

• Removal of topsoil and 
vegetation = loss of habitats 
•  Increases soil erosion 
•  Acid and toxic minerals drain 
from mined areas 

 

 



 Environmental Impacts of 
Burning Coal 

•  Increased CO2 levels 
–  Global Warming 

•  Produces Sulfur 
Oxides (SO2 & SO3) 
and                     
Nitrogen Oxides (NO                                 
& NO2) 



 Environmental Impacts of 
Burning Coal 

• Both form acids when                     
mixed with water                               
(acid rain) 





1990 Clean Air Act 
• Required power plants burning 

fossil fuels to install devices 
that reduce pollutants (SOx & 
NOx) 
•  SCRUBBERS: can be installed on 
smoke stack and will reduce 
pollutants.      



How Can Coal Be Used to  
Generate Electricity? 

• Coal ground into a fine powder 
(increase surface area) 
•  Burned at high temps 
•  Water-filled steel pipes run 
through the fire 
•  Produces high pressure STEAM 



How Can Coal Be Used to  
Generate Electricity? 

• Steam is used to turn a 
turbine 
•  Turbine spins a generator 
•  Produces electricity 



 Oil And Natural Gas 
• 1940s: oil and natural gas became 

most important energy sources 

•  easier to transport 
•  cleaner burning 
•  2004: 62% of U.S.                       
energy needs are                           
met by these                       



Formation of Oil & Nat. Gas 
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• Both are hydrocarbons 
•  Both usually formed from remains 
of microscopic marine organisms 
buried in anaerobic sediments 

– both exposed to heat and 
pressure 
– Usually oil and natural gas 
deposits are found together 



Properties of  Natural Gas 
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•  Formed at higher temps than oil 

•  CLEANEST FOSSIL FUEL 
–  contains almost NO sulfur 



Natural Gas:  Overview 
•  Third most important fuel 
– 21% of world’s consumption 

•  Mixture of 50-90%                      
methane and bits                                 
of ethane, propane,                         
butane and H2S 



Exploration for Oil & Nat. Gas 
• Oil deposits are detected by 

structural traps 
–  Geological features that trap oil 
and natural gas 
ANTICLINE: upward folding of rock 

SALT DOMES: underground 
columns of salt deposits 





Crude Oil Recovery 
• Primary Oil Recovery 
–  Drill well 
–  Pumping out oil that flows by    
gravity into well 



Crude Oil Recovery 
• Secondary Oil Recovery 
– Injection of water into nearby 
well 
– Force heavy oil into the well 



Crude Oil Recovery 
• Tertiary Oil Recovery 
–  Inject steam or CO2 into well 
–  Force oil out 
–  When average yields = 
30-50%: becomes too 
expensive to extract 



How Is Crude Oil Refined? 
Crude oil 
• mixture of many different hydro-

carbons that can be separated                                      
with                                     
distillation 



How Is Crude Oil Refined? 
• From heaviest to lightest: 
•  Asphalt, wax, naphtha, 
diesel oil, heating oil, jet 
fuel, gasoline, cooking 
gases (propane, butane) 





NA 
Reserves 







Global Oil Demand & Supply  
• World’s major producers of oil 

are not major consumers 
– Oil must be imported into 
countries like U.S. and 
European nations 
– Creates economic burden on 
these countries 
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Environmental Problems 
• Air pollution (combustion) 
– increased CO2 levels 
– acid deposition 

•  Oil spills (transportation) 



The 1989 Alaskan Oil Spill 
• Exxon Valdez spilled 10.9 

million barrels of crude oil into 
Prince William Sound 







To Drill or Not to Drill 
• Case study of Arctic National 

Wildlife Refuge 
•  Issue: Should this refuge be 
open to oil exploration? 





Case Study: Arctic 
National Wildlife Refuge 

• History 
– 1960 congress declared this area 
a reserve because of distinct 
wildlife 
– extremely fragile             
ecosystem, organisms                  
do not adapt to stress             
easily 



• Support for Oil Exploration  

Case Study: Arctic 
National Wildlife Refuge 

– Economic reasons (U.S. 
importing too much oil) 

– U.S. is too dependent 
on foreign oil 

– Large amount of oil 



• Opposition to Oil Exploration 

Case Study: Arctic 
National Wildlife Refuge 

– permanent threats to wildlife 
– money to be spent finding oil 
could better be used to 
research renewable energy 
sources 



Synfuels 
• Synthesized from coal and other 

sources of fossil fuels 
•  Used in place of oil or natural gas 
–  tar sands   - gas hydrates 
–  oil shales  - liquefied coal 



Shale Oil 
•  Fine-grained rock containing 

mixture of hydrocarbons called 
KEROGEN 

•  Mined: shale is crushed & heated, 
vaporizing kerogen. 

•  Kerogen vapor is condensed to 
make shale oil 



Tar Sands 
• Mixture of clay, sand, water and 

bitumen (a high sulfur oil) 
•  Removed by heating the sand until 
bitumen softens & floats to surface 
•  Refined into traditional crude oil 



Conversion to Gaseous & 
Liquid Fuel 

• Coal liquefaction → to methanol 

•  Coal gasification → to synthetic 
natural gas or hydrogen gas 




