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Fossil Fuels: Energy and  Impacts

This lecture will help you understand:

· Energy sources 

· Coal extraction and use

· Petroleum extraction, use, and future depletion

· Natural gas extraction and use

· Political, social, and economic impacts of fossil fuel use

· Energy conservation

Central Case: Oil or Wilderness on Alaska’s North Slope?

· Alaska’s oil-rich North Slope includes both petroleum development and Arctic wilderness.

· Americans and Congress have debated for years whether to open part of the Arctic NWR to oil development.

· Scientists, meanwhile, assess likely amounts of oil and likely impacts of development on Arctic ecosystems.

Alaska’s North Slope

West to east: the Petroleum Reserve, Prudhoe Bay development, Arctic National Wildlife Refuge. The 1002 Area is the contested region.
History of energy use

· People have long exploited energy sources.

· Coal, oil, gas, solar, and wind power were all used before 1200 B.C.

· Fire, animal labor, and hot springs were used long before that.

· But only since the industrial revolution have we harnessed energy sources on a grand scale.

Fossil fuels

· Fossil fuels = highly combustible substances formed from the remains of organisms from past geological ages 

· Compressed tissues of plants (and some animals) from 100–500 million years ago store chemical energy from photosynthesis.

· This greatly concentrated energy is released when we burn coal, oil, or gas.

Fossil fuel use has been rising for years

Growth in coal has slowed, but oil and gas are still rising.

Fossil fuels:
Formation

· Plants and animals die

· Organic material settles in anaerobic site and is partly decomposed

· Organic material is buried

· Heat and pressure alter chemical bonds

· Coal, gas, oil formed

Distribution of fossil fuel reserves

· Saudi Arabia has the most oil.

· Russia has the most natural gas.

· The U.S. has the most coal.

Per capita energy use varies

· Nations differ greatly in amounts of energy used per person.

· Developed nations like the U.S. use by far the most.

Coal

· Coal: compressed under high pressure to form dense
carbon structures

· First used 3,000 years ago

· Powered the industrial revolution in England, then in other countries

· Today is surpassed by oil, but is still the most abundant fossil fuel

· Provides 1/4 of the world’s commercial energy consumption
How coal is formed

Several types of coal exist, depending on the amount of heat and pressure that overlying sediments have exerted.

How coal is formed

· Peat is partially decayed organic matter near the surface, a precursor to coal.

· With more time, more heat and pressure, squeezing out more moisture, coal becomes more energy-rich.

·  Anthracite is the most compressed and most energy-rich type of coal.

Coal production and consumption

China produces and consumes the most coal, followed by the United States.

Coal mining

Coal is mined 

· either underground, in subsurface mining, 

· or from the surface, in strip mining.

Electricity generation from coal

Coal is most used to generate electricity. Heat from coal burning boils steam, turning a turbine to power a generator.

Oil

· Crude oil (petroleum): sludgelike mix of hundreds of types of hydrocarbon molecules; forms at temperatures and pressures found 1.5–3 kilometers below ground

· Oil refineries sort the various hydrocarbons of crude oil, separating those to be used in gasoline with those used for other purposes (tar, asphalt).

Oil: History

· First used ~4,000 years ago (in the form of surface tar, asphalt) 

· Modern extraction began in the 1850s in Pennsylvania.

· Today oil is the world’s most-used fuel.

Estimating recoverable reserves

· Technology limits how much oil can be extracted.

· Economics determines how much oil will be extracted.

· Proven recoverable reserve = amount of oil that is technologically and economically feasible to remove

· Once oil deposits are identified, oil companies typically conduct exploratory drilling.
Oil: Drilling

· Liquid oil exists in pores in rock deep underground.

· We must drill into rock and extract oil by using a pressure differential.

· The more oil is extracted, the harder it is to extract:

· Primary extraction = initial extraction of available oil

· Secondary extraction = forcing oil out by pumping water or gas into rock to displace it

Oil: Drilling

Petroleum products

Refined components of crude oil are used to manufacture many of the material goods we use every day.

Depletion of oil reserves

· We may have already extracted half of the world’s oil reserves (1 trillion barrels).

· To estimate how long this remaining oil will last, analysts calculate the reserves-to-production ratio (R/P ratio)…

· …by dividing the amount of total remaining reserves by the annual rate of production.

Depletion of oil reserves: “Hubbert’s peak”

· Geologist M. King Hubbert predicted U.S. oil production would peak around 1970 and then decline.

· He was only a few years off. 

Refining crude oil

Refining crude oil

· Crude oil from the ground is a messy mix of hundreds of hydrocarbons.

· It is put through a refining process to segregate different components.

Refining crude oil

Percentages of each major product typically produced from a barrel of crude oil

Natural gas formation

Natural gas: primarily methane, CH4, is produced in two ways:


•
Biogenic gas = formed at shallow depths by anaerobic decomposition of organic matter by bacteria    

•
Thermogenic gas = formed at deep depths as geothermal heating separates hydrocarbons from organic material

Natural gas: History

· Seeps known for 2,000+ years

· Used for street lighting in the 1800s

· Became commonly used after WWII once pipeline technology became safer

Natural gas production and consumption

· Russia produces the most natural gas.

· The U.S. consumes the most natural gas.

Gas extraction

· Initially, gas comes out on its own from natural pressure.

· Later, it must be pumped out.

Other fossil fuels

Other fossil fuels could be used in the future:

· Oil or tar sands = dense, hard, oil substances that can be mined from the ground

· Shale oil = sedimentary rock filled with organic matter that was not buried deeply enough to form oil

· Methane hydrates = occur under the seafloor

Environmental impacts of fossil fuel use

· Using fossil fuels creates a number of environmental impacts.

· Most energy experts would like to see a switch to renewable and less-polluting energy sources.

Environmental impacts

Compounds and particulate matter resulting from combustion of coal, oil, and gas:

•
Cause air pollution 
(from power plants, vehicle exhaust, etc.)

•
Drive climate change 
(from carbon dioxide emissions)

•
Throw the carbon cycle out of balance
(transferring carbon stored underground to atmospheric carbon dioxide)

Environmental impacts

Water pollution also results from fossil fuel use:

· Acid deposition (from sulfur pollutants emitted in power plant combustion)

· Runoff from non-point sources (cars, homes)

· Oil spills  (not just large spills from tankers; mostly small spills from nonpoint sources)

Environmental impacts

Coal mining has impacts:

•
Habitat destruction from strip mining

•
Erosion from strip mining

•
Chemical runoff from strip mining through acid drainage
•
Human health risks for workers from subsurface mining

Environmental impacts

“Mountaintop removal” is every bit as drastic as it sounds.
This type of coal mining causes massive erosion, runoff, and habitat destruction.
Environmental impacts

To predict what effects oil drilling at ANWR’s 1002 Area might have on wildlife and the environment, scientists have studied effects of Prudhoe Bay oil development.

Environmental impacts

Would oil extraction at the Arctic refuge harm wildlife and the environment?

Political, social, and economic impacts

· The degree of dependence that our modern economies have on fossil fuels is risky.

· This puts all our eggs in one basket.

· Nations that supply oil can call the shots.

· Nations that need oil are dependent on suppliers.

Oil commerce

A small number of nations export nearly all the world’s oil.

Energy conservation

· Energy conservation = the practice of reducing use to extend our nonrenewable energy supplies, be less wasteful, and reduce environmental impact

· As individuals, we can make conscious choices to reduce our own energy use.

· We can also make devices and processes more energy-efficient.

· Cogeneration can increase the efficiency of power plants by capturing excess heat produced through electricity generation. 

Vehicle fuel efficiency

Automobile fuel efficiency (miles per gallon) rose after the oil shocks of the 1970s, but has stagnated since then.

Do we need the ANWR’s oil?

· Critics of drilling in the Arctic refuge say a little conservation could save far more oil than we’d gain from drilling.

· They also say oil from ANWR would be a drop in the bucket of overall U.S. consumption.
Conclusion

· Fossil fuels have helped build complex industrial societies.

· Yet our production of fossil fuels will decline just as we become increasingly aware of their negative impacts.

· We can encourage conservation and develop alternative energy sources…

· …or we can continue our dependence on fossil fuels and wait until there are nearly depleted.

· Renewable energy sources are becoming increasingly feasible and economical, supporting a win-win future.

