
Energy

How we use our resources



What is energy?

 Energy is the capacity to do work.

– Chemical

– Heat

– Light

– Sound

– Mechanical

– Electrical

Potential Energy:  Energy 

stored in chemical bonds.

Kinetic Energy:  energy 

due to an object’s motion.



How is energy calculated?

 E = mc2

 K = ½ mv2

 P = mgh



How is energy used?

 You tell me, name the ways we use energy every 

day.



Move it over!

 Mechanical energy is the energy of motion and 

includes kinetic and potential forms of energy.

– Kinetic energy:  energy due to motion.

– Potential energy:  the energy available to move matter.



Heat or Temperature?

 Heat is defined as the transfer of energy from one 

object to another.  Heat is transferred from an 

area of high to low (hot to cold).

– Heat is measured in BTU, Joules or calories

 Temperature is the measure of how hot or cold 

an object is.

– Temperature is measured in F, C or K



Boy it’s hot in here!

 When energy in the form of heat is transferred 

through an object or a fluid, it is called 

conduction.

 When energy in the form of heat is transferred 

directly from one object to another it is called 

radiation.

 When energy is transferred by a displacement of 

molecules, it is called convection.

– A convection current is created when there is a 

transfer of heat energy through air molecules .



Move it or lose it!

– High to low

– A hot air mass will move toward a cold air mass.

– Heat does not “rise” as much as it is moving in an effort 

to warm the cold air above it.

– Where does the heat come from on the ground?



Thermodynamics

 Thermodynamics is the study of the flow or 

exchange of energy .

– System

– Surroundings



1st Law of Thermodynamics

 The 1st Law of Thermodynamics is the Law of 

Conservation of Matter (Energy):

– Energy is neither created nor destroyed, it simply 

changes form.  

 Dr. Pepper (chemical) into movement (mechanical)

– The net energy in the entire universe is constant.



3rd Law of Thermodynamics

 The 3rd Law of Thermodynamics states that the 

entropy of a pure perfect crystal is zero (0) at 

zero Kelvin (0° K).

– no object or system can achieve a  temperature of zero 

Kelvin



2nd Law of Thermodynamics

 The 2nd Law of Thermodynamics states that in 

any spontaneous change, the entropy of the 

universe must increase; which means that the 

quality of energy deteriorates gradually over 

time.

– Entropy is the measure of randomness or disorder in 

a system and is also a measure of unusable energy 

within a closed or isolated system 



Implications of the 2nd Law

 During a chemical reaction, energy is converted 

from one form to another.

 There is also a certain amount of energy that is 

converted into heat.  Heat is a form of energy of 

lower quality and not as “usable”

chemical  mechanical (+ heat)



Work

 Work = Force x distance

 Force = mass x acceleration

 Kinetic Energy = 1/2 m x v2



Potential to Kinetic

 The water above receives energy as it falls down 

the short waterfall. This energy was stored as 

potential energy in the gravitational field of the 

Earth and came out of storage as the water 

dropped. 

 This energy which came out of the gravitational 

field ended up being expressed as the kinetic 

energy.



Gravitational Influence

 Energy that is stored in the gravitational field is 

called gravitational potential energy, or potential 

energy due to gravity.



Energy from Gravity

 Let's see how energy gets stored in the gravitational field.

 First of all, remember that work equals force times 

distance as stated in this formula:

W = F x d

 And of course, Force = mass x acceleration



Gravity Works!

 If the object is being lifted at constant velocity, 

then it is not accelerating, and the net force on it 

is zero. We know that from Newton's first law of 

motion.

 We must pull up on an object when we lift it. So, 

the agent doing the lifting must provide an 

upward force on the object. 



It’s Not All Apples!

 Gravity, of course, will be pulling down. This pull 

down of gravity is called the weight of the object. 

 If during the lift the net force on the object is zero, 

then the upward pull must be canceled by the 

downward pull. That is, the upward lifting force 

must be equal in size to the downward pull of 

gravity.



Summary of Gravity

 In summary, when you are lifting something at 

constant velocity, the upward pull that you 

provide is equal to the weight of the object. 



Gravitational Potential Energy

 Since the work done on the object when it is lifted 

becomes the gravitational potential energy, the 

formula for gravitational potential energy equals 

the mass of the object times the acceleration due 

to gravity times the height  that the object is lifted, 

as in:

 Ug = mgh



Example

 Ug = mgh  Formula for gravitational potential 

energy.

 Ug = (4 kg)(9.8 m/s/s)(5 m) Plug in values 

for mass, acceleration due to gravity, and height.

 Ug = 196 J Gravitational potential energy 

equals 196 Joules.



Energy Efficiency

 The term energy efficiency refers to the 

measure of the useful energy.

– An energy efficient appliance would convert the energy 

supplied to it with a minimal amount of heat returned 

as energy. 



The Components

 Input is all components (matter and/or energy) 

entering the system.

 Throughput is the flow of all components within 

the system.

 Output is all components leaving the system.



Measure of Efficiency

 The efficiency of a product can be measured by:

% efficiency = (output / input) x 100

– output is mechanical work or energy (watts or joules)

– input is the quantity of work or energy

 Cannot exceed 100% because of the Law of 

Conservation of Energy



Calculate the Efficiency of Bouncy 

Balls

 Measure the efficiency of a bouncy ball, a golf 

ball and a tennis ball.

– Which ball converts energy more efficiently?

– How is this conversion of energy helpful for the use of 

the ball?



Where does your electricity come 

from?

 AEP electricity comes from a coal burning power 

plant in West Virginia

 How does a power plant work?

 Video, “Anatomy of an Electric System” produced 

by AEP



Useful Energy

 About 1/3 of the energy consumed globally is 

used to produce electricity.

– Annual Consumption is 16 trillion kWh

– 16,000,000,000,000,000 kilowatt hours

– United States consumes 4.0 trillion kWh

– We have 4.5% of the population and use 25% of the 

electricity

– What is the per capita electricity usage if the size of the 

world population is 6.79 billion people?



Energy and Power

 Energy is expressed as kilowatt-hours:  a unit of 

energy equal to the work done by a power of 

1000 watts operating for one hour.

 Power is the rate of consumption of that energy 

and is expressed in watts or power = energy/time

– a watt is expressed in SI terms as 1 Joule per second 



How much electrical energy do we 

use?

 Calculate your personal energy usage.

– Complete the “Personal Energy Usage” audit from the 

website.  Put the audit and the answers in your 

notebook. Assignment will be collected on Friday along 

with the chapter questions.



Types Of Energy Resources

 About 99% of the energy we use for heat comes 

from the sun and the other 1% comes mostly 

from burning fossil fuels.

– Solar energy indirectly supports wind power, 

hydropower, and biomass.

 About 76% of the commercial energy we use 

comes from nonrenewable fossil fuels (oil, natural 

gas, and coal) with the remainder coming from 

renewable sources.



Resources are renewable or 

nonrenewable
 Renewable energy = supplies of energy will not be 

depleted by our use 

– Sunlight, geothermal energy, and tidal energy

 Nonrenewable energy = at our current rates of 

consumption we will use up Earth’s accessible store 

of these sources in a matter of decades to centuries 

– Oil, coal, natural gas, nuclear energy

– To replenish the fossil fuels we have depleted so far 

would take millions of years



Where does the fuel come from?

 There are three fossil fuels:  
– coal, oil and natural gas.    

 Fossil fuels are non-renewable 

 Today coal is the predominant fossil fuel used to 
generate electricity supplying approximately 
52% of the market.  

 Petroleum products supplies very little electricity.

 Natural gas supplies approximately 16% of our 
electricity. 



Fossil fuels are indeed created from 

fossils
 Fossil fuels we burn today 

were formed from the tissues 
of organisms that lived 100-
500 million years ago 

 Organic material is broken 
down in an anaerobic
environment = one that has 
little or no oxygen

– Bottoms of deep lakes, 
swamps, and shallow seas 

 Organic matter is eventually 
converted into crude oil, 
natural gas, or coal 



Fossil fuels are our dominant source 

of energy

 We use oil, coal, and natural gas 

 Fossil fuels have replaced biomass as our dominant 
source of energy 

 The high-energy content of fossil fuels makes them 
efficient to burn, ship, and store 

 These fuels generate electricity = a secondary form of 
energy that is easier to transfer and apply to a variety of 
uses 



Fossil fuel reserves are unevenly 

distributed

 Some regions have substantial reserves, whereas 

others have very few

 How long a nation’s reserves will last depends on:

– How much the nation extracts, uses, and exports

– Nearly 67% of the world’s proven reserves of crude oil lie 

in the Middle East

– The U.S. possesses more coal than any other country



Developed nations consume lots of 

energy

 People in developed regions consume far more 

energy than those in developing nations

 Industrialized nations divide their energy use evenly 

between transportation, industry, and other uses

– Developing nations use energy for subsistence activities 

(agriculture, food preparation, and home heating)

– Developing nations use manual or animal energy instead 

of fossil fuels



It takes energy to make energy

 To harness, extract, process, and deliver energy 

requires substantial inputs of energy

– Roads, wells, vehicles, storage tanks

 Net energy = the difference between energy 

returned and energy invested

– Net energy = energy returned – energy invested



Energy returned on investment 

(EROI)

 Energy returned on investment (EROI) = energy 

returned/energy invested

– Higher ratios mean we receive more energy than we 

invest

– Ratios decline when we extract the easiest deposits first 

and now must work harder to extract the remaining 

reserves



Net Energy Ratios

 The higher the net energy ratio, the greater the net 
energy available. Ratios < 1 indicate a net energy 
loss.

Figure 16-4



TYPES OF ENERGY RESOURCES

 Commercial energy use by source for the world 

(left) and the U.S. (right).

Figure 16-3



Regions vary greatly in energy 

consumption



We are addicted to oil

 Video - Breaking News Videos from CNN.com

http://www.cnn.com/video/
http://www.cnn.com/video/
http://www.cnn.com/video/
http://www.cnn.com/video/


OIL

 Crude oil (petroleum) is a thick liquid containing 
hydrocarbons that we extract from underground 
deposits and separate into products such as 
gasoline, heating oil and asphalt.
– Only 35-50% can be economically recovered from a 

deposit.

– As prices rise, about 10-25% more can be recovered 
from expensive secondary extraction techniques.
 This lowers the net energy yield.



The age of oil began in the mid-19th 

century
 People have used solid forms of oil (i.e., tar) for 

thousands of years

 Modern extraction and use began in the 1850s

– First bottled and sold as a healing aid, but it is 

carcinogenic

– This “rock oil” could be used lamps and as a lubricant

– Edwin Drake drilled the world’s first oil well, in Titusville, 

Pennsylvania, in 1859

 Today, the U.S. consumes 25% of the world’s oil

– Consumption is still increasing



Petroleum geologists infer deposit 

location and size

 Petroleum occurs in isolated deposits, collecting in 

porous layers beneath impermeable layers

 Geologists drill rock cores and conduct ground, air, 

and seismic surveys to map underground rock 

formations

– Estimates for ANWR’s oil deposits = 11.6 – 31.5 billion 

barrels, enough for 33 months at current consumption 

rates

– But, only 4.3 – 11.8 billion barrels are technically 

recoverable, equivalent to 1 year of consumption



Heat and pressure underground form 

petroleum

 Oil is the world’s most used fuel since the 1960s

 It’s worldwide use over the past decade has risen 

17%

 Crude oil (petroleum) = a mixture of hundreds of 

different types of hydrocarbon molecules

– Formed 1.5 - 3 km (1 - 2 mi) underground 

– Dead organic material was buried in marine sediments 

and transformed by time, heat, and pressure

 Refineries separate crude oil into components such 

as gas, tar, and asphalt



Not all oil can be extracted

 Some oil would be so hard to extract, it is not worth 

the cost

– As prices rise, economically recoverable amounts 

approach technically recoverable amounts

– Proven recoverable reserve = the amount of oil (or any 

other fossil fuel) that is technically and economically 

feasible to remove under current conditions



Typical seismic surveying



Seismic Survey



We drill to extract oil

 Exploratory drilling = small, deep holes to determine 

whether extraction should be done

 Oil is under pressure and often rises to the surface

– Primary extraction = the initial drilling and pumping of 

available oil

– Secondary extraction = solvents, water, or stream is used 

to remove additional oil; expensive

– We lack the technology to remove every bit of oil

– As prices rise, it becomes economical to reopen a well



Primary and secondary oil extraction



OIL

 Eleven OPEC (Organization of Petroleum 

Exporting Countries) have 78% of the world’s 

proven oil reserves and most of the world’s 

unproven reserves.

 After global production peaks and begins a slow 

decline, oil prices will rise and could threaten the 

economies of countries that have not shifted to 

new energy alternatives.









OIL

 Refining crude oil:
– Based on boiling 

points, components 
are removed at various 
layers in a giant 
distillation column.

– The most volatile 
components with the 
lowest boiling points 
are removed at the top.

Figure 16-5



Petroleum products have many uses

Extracted oil is refined to create many products



U.S. oil production has already 

peaked



Global oil production is peaking



Predicting an exact date for peak oil 

is hard

 Oil production is expected to peak in the near future as 

reserves deplete

 Amount of untapped oil reserves hard to predict

– Companies and governments do not disclose their amount of oil 

supply

– Disagreement among geologists

– Oil consumption increases at an unpredictable rate in developing 

countries

 Survival after oil depletion depends on research of new 

technologies and energy conservation



Peaking oil production will have 

consequences

 Coming divergence of demand and supply will have 

momentous economic, social, and political consequences

– Our lives will be profoundly affected

 “The long emergency”: from lacking cheap oil to transport 

goods, our economies collapse and become localized

– Suburbs will become the new slums, a crime-ridden landscape littered 

with the hulls of rusted out cars

 More optimistic observers argue that as supplies dwindle, 

conservation and alternative energy supplies will kick in

– We will be saved from major disruptions



We are facing an oil shortage

 We will face a shortage when production declines 

and demand increases

– Production declines once reserves are depleted halfway, 

so this crisis will likely begin within the next several years

– Hubbard’s peak = Geologist M. King Hubbard predicted 

that oil production would peak around 1970

– His prediction was accurate, and U.S. production 

continues to fall

– We may have passed peak global production in 2005 



We may have already depleted half our 

reserves

 Some people calculate that we have used up about 

1.1 trillion barrels of oil

 Reserves-to-production ratio (R/P ratio) = the 

amount of total remaining reserves divided by the 

annual rate of production (extraction and 

processing)

– At current levels of production (30 billion barrels/year), we 

have about 40 years of oil left

 We will face a crisis not when we run out of oil, but 

when the rate of production begins to decline



Nations can become dependent on 

foreign energy
 This causes unrest and conflict

 We are vulnerable to supplies becoming unavailable or 

expensive

 The U.S. imports 60% of its crude oil, meaning other 

nations control our energy supplies



The oil embargo of the 1970s caused 

panic
 OPEC’s (Organization of Petroleum Exporting 

Countries) oil embargo caused widespread 

panic and skyrocketing prices



Oil supply and prices affect nation’s 

economies

 Hurricanes Katrina and Rita destroyed offshore 

drilling systems and spiked oil prices

 Because the politically volatile Middle East has the 

majority of oil reserves, crises are a constant 

concern for the U.S.

– Despite political disagreements, the U.S.  has a close 

relationship with Saudi Arabia because Saudi Arabia 

owns 22% of the world’s oil reserves



OIL

 Inflation-adjusted price of oil, 1950-2006.
Figure 16-6



Case Study: U.S. Oil Supplies

 The U.S. – the world’s largest oil user – has only 

2.9% of the world’s proven oil reserves.

 U.S oil production peaked in 1974 (halfway 

production point).

 About 60% of U.S oil imports goes through 

refineries in hurricane-prone regions of the Gulf 

Coast.



The U.S. enacted policies to reduce 

foreign oil
 The U.S. government enacted policies to diversify its oil 

supply 

– It imports oil from several countries

– The U.S. is developing its own reserves

– Proposed drilling in ANWR, despite charges that drilling won’t help 

much

– Resuming extraction at currently closed sites

– Research into renewable energy sources

– The Strategic Petroleum Reserve stockpiles oil in caverns under 

Louisiana for use when world supplies run out 

– But this reserve equals just one month’s supply



Core Case Study: 

How Long Will the Oil Party Last? 

 We have three options:

– Look for more oil.

– Use or waste less oil.

– Use something else.

Figure 16-1



Core Case Study: 

How Long Will the Oil Party Last? 

 Saudi Arabia could supply the world with oil for 

about 10 years.

 The Alaska’s North Slope could meet the world 

oil demand for 6 months (U.S.: 3 years).

 Alaska’s Arctic National Wildlife Refuge would 

meet the world demand for 1-5 months (U.S.: 

7-25 months).



Heavy Oils from Oil Sand and Oil Shale: 

Will Sticky Black Gold Save Us?

 Heavy and tarlike oils from oil sand and oil shale 

could supplement conventional oil, but there are 

environmental problems.

– High sulfur content.

– Extracting and processing produces:

 Toxic sludge

 Uses and contaminates larges volumes of water

 Requires large inputs of natural gas which reduces net energy 

yield.



Heavy Oils

 It takes about 1.8 

metric tons of oil sand 

to produce one barrel 

of oil.

Figure 16-10



Oil Shales

 Oil shales contain a 

solid combustible 

mixture of 

hydrocarbons 

called kerogen.

Figure 16-9



Oil shale is abundant in the U.S. west

 Oil shale = sedimentary rock filled with kerogen

(organic matter) that can be processed to produce 

liquid petroleum

– Can be burned like coal or baked in hydrogen (called 

prylosis) to produce liquid petroleum

 More than 40% is found in the U.S., mostly on 

federally owned land in the west

 Low prices for crude oil have kept investors away 

– But as oil prices increase, oil shale is gaining interest



Oil sands can be mined and 

processed

 Oil sands (tar sands) = sand 

deposits with 1 - 20% bitumen, 

a thick form of petroleum rich in 

carbon, poor in hydrogen

– Degraded and chemically 

altered crude oil deposits

– Removed by strip mining

 Requires special extraction and 

refining processes to become 

useful

 Primarily found in Venezuela and 

Alberta



Natural gas

 The fastest growing fossil fuel in use today

 Provides 25% of global commercial energy 

consumption

 World supplies are projected to last about 60 more 

years



NATURAL GAS

 Natural gas, consisting mostly of methane, is 

often found above reservoirs of crude oil.

– When a natural gas-field is tapped, gasses are liquefied 

and removed as liquefied petroleum gas (LPG).

 Coal beds and bubbles of methane trapped in ice 

crystals deep under the arctic permafrost and 

beneath deep-ocean sediments are 

unconventional sources of natural gas.



Natural gas is formed in two ways

 Natural gas = consists of methane (CH4) and other 

volatile hydrocarbons

 Biogenic gas = created at shallow depths by 

bacterial anaerobic decomposition of organic matter

– “swamp gas” 

 Thermogenic gas = results from compression and 

heat deep underground

 Kerogen = organic matter that results when carbon 

bonds begin breaking 

– Source material for natural gas and crude oil



Natural gas is often wasted

 Coalbed methane = from coal seams, leaks to the 

atmosphere during mining

 In remote oil-drilling areas, natural gas is flared: 

simply burned off

– In Alaska, gas captured during oil drilling is being 

reinjected into the ground for future use

 Landfills produce biogenic natural gas

– Operators are capturing and selling it



NATURAL GAS

 Russia and Iran have almost half of the world’s 

reserves of conventional gas, and global reserves 

should last 62-125 years.

 Natural gas is versatile and clean-burning fuel, 

but it releases the greenhouse gases carbon 

dioxide (when burned) and methane (from leaks) 

into the troposphere.



Natural gas has only recently been 

widely used

 Plutarch called naturally burning gas in Iraq “eternal 

fires”

 The first commercial extraction occurred in 1821 but was 

only used locally, because it could not be transferred 

safely

 First used to light street lamps, then for heating and 

cooking

 After thousands of miles of pipes were laid, natural gas 

transport became safer and more economical

 Liquefied natural gas (LNG) = liquid gas that can be 

shipped long distances in refrigerated tankers

 Russia has the largest deposits, and Russia and the 

U.S. lead the world in production and consumption, 

respectively



NATURAL GAS

 Some analysts see 

natural gas as the best 

fuel to help us make the 

transition to improved 

energy efficiency and 

greater use of 

renewable energy.

Figure 16-11



Natural gas extraction becomes more 

challenging

 The first gas fields simply 

required an opening and the gas 

moved upward

 Most remaining fields require 

pumping by horsehead pumps

 Most accessible reserves have 

been depleted

– Gas is accessed by sophisticated 

techniques such as fracturing, which 

pumps high-pressure salt water into 

rocks to crack them



Offshore drilling produces much of 

our gas

 Drilling takes place on land and in the seafloor on 

the continental shelves

– Technology had to come up with ways to withstand wind, 

waves, and currents

– Platforms are either strong fixed platforms or floating 

platforms

– 25% of our natural gas comes from offshore drilling

– Hurricanes can devastate drilling platforms, and prices 

rise accordingly



Methane hydrate shows potential

 Methane hydrate (methane ice) =  molecules of 
methane in a crystal lattice of water ice molecules

 Occurs in arctic locations and under the seafloor

 Formed by bacterial decomposition in anaerobic 
environments

 Immense amounts could be present, from twice to 
20 times the amount of natural gas

 Extraction could destablize marine ecosystems
– Landslides and tsunamis release of large amounts of 

methane (a greenhouse gas)



Coal

 The world’s most abundant fossil fuel

 Coal = organic matter (woody plant material) 

that was compressed under very high pressure 

to form dense, solid carbon structures

– Very little decomposition occurred



Coal use has a long history

 The Romans used coal for heating in the second 

and third centuries in Britain

 The Chinese have used coal for 2,000 - 3,000 years

 Commercial mining began in the 1700s

– The invention of the steam engine expanded coal’s 

market

 Coal helped drive the Industrial Revolution and the 

steel industry

 In the 1880s, people used coal to generate 

electricity



Coal varies in its qualities

 Coal varies from place to place

– Water quantity and amount of potential energy it has

 Peat = organic material that is broken down 

anaerobically but remains wet, near the surface and 

not well compressed

– Widely used as a fuel in Britain

 Additional pressure turns peat into coal

– Lignite = least compressed

– Sub-bituminous and bituminous

– Anthracite = most compressed; has the most energy



Coal contains impurities

 Sulfur, mercury, arsenic, and other trace metals

 Sulfur content depends on whether coal was formed 

in salt water or freshwater

– Coal in the eastern U.S. is high in sulfur because it was 

formed in marine sediments

 When high-sulfur coal is burned, it released sulfate 

air pollutants, which contribute to smog and acidic 

deposition

– Mercury can bioaccumulate 

 Ways to reduce pollution must be found



COAL

 Coal is a solid fossil fuel that is formed in several 
stages as the buried remains of land plants that 
lived 300-400 million years ago.

Figure 16-12
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COAL

 Coal reserves in the United States, Russia, and 

China could last hundreds to over a thousand 

years.

– The U.S. has 27% of the world’s proven coal reserves, 

followed by Russia (17%), and China (13%).

– In 2005, China and the U.S. accounted for 53% of the 

global coal consumption.



COAL

 Coal is the most 

abundant fossil fuel, 

but compared to oil and 

natural gas it is not as 

versatile, has a high 

environmental impact, 

and releases much 

more CO2 into the 

troposphere.

Figure 16-14



COAL

 Coal can be converted into synthetic natural gas 

(SNG or syngas) and liquid fuels (such as 

methanol or synthetic gasoline) that burn cleaner 

than coal.

– Costs are high.

– Burning them adds more CO2 to the troposphere than 

burning coal.



COAL

 Since CO2 is not 

regulated as an air 

pollutant and costs are 

high, U.S. coal-burning 

plants are unlikely to 

invest in coal 

gasification.

Figure 16-15



Coal mining affects the environment

 Strip mining causes severe soil erosion and chemical 

runoff

– Acid drainage = sulfide minerals on exposed rock surfaces 

react with oxygen and rainwater to produce sulfuric acid

– Mountaintop removal causes enormous damage



Coal is mined from the surface and 

below ground

 Subsurface mining = underground deposits are 

reached by digging networks of tunnels deep 

underground

 Strip mining = heavy machinery removes huge 

amounts of earth to expose and extract the coal

– Mountaintop removal = in some cases, entire 

mountaintops are cut off to obtain the coal



Two forms of coal mining



Coal mining harms human health

 Subsurface mining is harmful to human health

– Mine shaft collapses

– Inhalation of coal dust can lead to fatal black lung disease

 Costs to repair damages of mining are very high

– These costs are not included in the market prices of fossil fuels, 

which are kept inexpensive by government subsidies

 Mining companies must restore landscapes, but the 

impacts are still severe

– Looser of restrictions in 2002 allowed companies to dump rock 

and soil into valleys, regardless of the consequences



Clean Coal?

 ”Clean coal” is an industry term which refers to 

increasing the efficiency of coal mining, making 

power plants which use coal for energy 

generation more environmentally friendly, and/or 

making coal itself more fuel efficient and clean 

burning. 



Fun Fact

 Coal provides America's railroads with more 

traffic and revenue than any other commodity.  

(Clean Coal USA)



The Consequences



Our reliance on fossil fuels has 

consequences



Combustion of fossil fuels leads to . . 

 Acid Mine Drainage

 Oil Spills

 Acid Rain (Acid Deposition)

 Global Warming



Fossil fuel emissions pollute

 Fossil fuels have harmed the environment

– Disrupt the carbon cycle by releasing carbon dioxide, the greatest 

impact of fossil fuel use

– Release “old” carbon that has been sequestered for 100 million 

years

– Pollutants and hydrocarbons cause severe health problems

– Contaminates water supplies and freshwater ecosystems



OIL

 Burning oil for 

transportation 

accounts for 43% 

of global CO2

emissions.

Figure 16-7



CO2 Emissions

 CO2 emissions per unit of energy produced for 

various energy resources. 

Figure 16-8



What can we do about it?



How will we convert to renewable 

energy?

 Fossil fuel supplies are limited and their use has 

consequences

 Nations have several options for future energy use

– Continue relying on fossil fuels until they are no longer 

available

– Increase funding to develop alternative energy sources 

dramatically

– Steer a middle course and gradually reduce our reliance 

on fossil fuels



Energy conservation

 Energy conservation = the practice of reducing 

energy use to:

– Extend the life of our nonrenewable energy supplies

– Be less wasteful

– Reduce environmental impact



Energy conservation has followed 

need
 Conservation usually only occurs in time of 

need

– OPEC embargo of 1973 drastically increased 

conservation, but it didn’t last

– Government research into alternative energy 

sources decreased

– The failure to improve fuel economy has increased 

our oil consumption

– Taxes on gasoline are extremely low, meaning that 

gasoline does not account for its substantial 

external costs on production and consumption



CAFE standards

The U.S.  government has failed to enforce 

corporate average fuel efficiency (CAFE) 

standards, which mandate higher fuel efficiency in 

automobiles



Personal choice and efficiency

 Energy conservation can be accomplished in two 

ways:

 Individuals can make conscious choices to reduce 

energy consumption in everyday life and drastically 

increase conservation

– Driving less, turning off lights, buying efficient machines

 Society can make energy-consuming devices more 

efficient 

– Also helps reduce the enormous amounts of energy 

wasted every day



We already have the technology 

needed
 To increase fuel efficiency

 The efficiency of power plants

– Cogeneration = excess heat produced during 

electrical generation is used to heat buildings and 

produce other types of power



Efficiency among consumer 

products

 Improvements in home design 

can reduce energy required to 

heat and cool them

 Scores of appliances have been 

reengineered to increase energy 

efficiency

 Consumers need to vote with their 

wallets by buying energy-efficient 

products



Conservation and renewable energy is 

needed

 Effective energy conservation could save 6 million 

barrels of oil a day 

 Conserving energy is better than finding a new 

reserve

– It decreases environmental impacts while extending our 

access to fossil fuels 

 The only sustainable way of reliable supply of 

energy is to ensure sufficiently rapid development of 

renewable energy 



Case Study



Central Case:  oil or wilderness on 

Alaska’s North Slope?

 Alaska’s remote North Slope 

represents a pristine wilderness to 

some and untapped oil riches to 

others

 The Arctic National Wildlife Refuge 

is the focus of intense debate over 

whether the “1002 Area” should be 

opened to drilling

 Opponents fear that drilling will 

sacrifice the nation’s national  

heritage for little gain



Alaska’s North Slope consists of three 

regions

 The National Petroleum Reserve – Alaska (NPR-A)

– Intended to remain untapped unless the nation faced an emergency

– It has been opened recently for drilling

 Prudhoe Bay consists of state lands that are drilled for oil 

that is transported via the trans-Alaska pipeline to the port of 

Valdez

 The Arctic National Wildlife Refuge (ANWR) is federal land 

set aside for wildlife and to preserve pristine ecosystems

– It has been called the “Serengeti of North America”



Drilling in ANWR will not fill U.S. oil 

demand



Alaska’s North Slope



Scientists anticipate negative impacts 

in ANWR
 Some scientists anticipate damage if 

ANWR is drilled 

– Vegetation killed

– Degraded air and water quality

– Roads fragment habitat

– Prospecting and drilling disrupts wildlife

 Other scientists say little harm will be 

done

– ANWR will be developed with 

environmentally sensitive technology and 

approaches



Residents may or may not benefit from 

reserves

 Extraction can benefit residents of the area with:

– Increased job opportunities

– Trickling down of profits

– Citizens in Alaska are paid dividends by the government

 But residents are not always compensated for 

pollution and displacement


