


U.S. Consumption of Energy by Sector (2006)

Total U.S. Consumption = 99.9 Quads
1 Quad equals energy content of 10 billion
gallons of gasoline
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US Consumption of Energy by Use (2006)
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US Sources of Electricity (2006)
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A nuclear power plant, a coal or gas fired
power plant, is a steam engine where the
nuclear fuel, or the coal or natural gas is the
fuel that heats water to create steam that

turns a turbine.



Steam Engines and the Second Law of Thermodynamics
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by coal, gas, Second Law of Thermodynamics: the work
nuclear energy (W) is always less than the heat energy (Q)
(Q)

For power plants, W 0.4 Q



U.S. Electricity Flow (2006)

Energy Wasted in U.S. Electricity Generation =27%  of All US
Energy Consumed = Total Energy Consumed in Japan in 2006



Location of Coal Mining Regions in the U.S.
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Top 10 Coal Producing States (2005)

State _P_roduction Percent |
(millions of tons) Total Production

Wyoming 404.3 35.8
West Virginia 153.7 13.6
Kentucky 119.7 10.6
Pennsylvania 67.5 6.0
Texas 45.9 4.1
Montana 40.4 3.6
Colorado 38.5 3.4
Indiana 34.5 3.0
lllinois 32.0 2.8
North Dakota 30.0 2.6
Sub total 966.4 85.5
U.S. total 1,130.8

Source: U.S. Department of Energy




Sources and Uses of Coal Consumed in lowa (2005)

(thousands of tons)
State of ) :
Origin Electricity Industrial Residential
: & Total
Generation Uses? b
Commercial
Wyoming _ 1,427 21,442
lllinois 568 1,112 157 1,837
Kentucky 328 112 350
Colorado 115 183 299
Montana 19 15 34

aCoal used for purposes other than electricity, for e
bCoal used for purposes other than electricity, for e

Source: U.S. Department of Energy

xample for process heat.
xample for building heating.



Advantages of Coal as Fuel for Electricity

1. Inexpensive : when not counting environmental
costs, coal may be the cheapest alternative for
producing electricity.

2. Plentiful : about 200 year supply in the U.S. at
present coal use rate.




World Coal Reserves
(about 1 trillion tons)
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Disadvantages of Coal as Fuel for Electricity

1) Inefficient : approximately one-third of the energy

from burning coal in the power plant ends up as
electrical energy you can tap in your home. Mosto  f
the rest of the energy is wasted as heat.

2 units of waste

[) heat

M’e— 1]

3 units of coal
energy in

— | 1 units of coal energy
g for electricity




Disadvantages of Coal as Fuel for Electricity

2. Pollution : Coal is our “dirtiest” fuel, and emits

a lot of pollutants when it is burned.

Chemical Composition of Wyoming Coal

Chemical % Dry Weight Environmental
of Coal Impact
Carbon 60-70 Global warming
Oxygen 15-20 None
Hydrogen 4-5 None
Nitrogen 0.7 Smog, acid rain
Sulfur 0.2-0.7 Particulates, acid rain
Ash 5-10 Ground and water pollution
Mercury Trace Highly toxic, human health hazard




Alternatives to Coal-Fired Power Plants

1) Renewable energy sources for electricity producti on.

A renewable source of energy is one that can meett he
energy needs of the current generation without
compromising the ability of future generation to me et
their energy needs.

Fossil fuels are not renewable because once theyar e
taken from the ground and burned, they cannot be
replaced; the resource base dwindles from one
generation to the next. Depletion of cheap gas and
oll reserves are just a few generations away.

Examples of renewable fuels are wind power, solar
power, biomass, hydropower, geothermal energy,
ocean wave/tidal power



Alternatives to Coal-Fired Power Plants

Energy efficiency/conservation is another alternati ve.
While not a fuel per se, implementing energy effict  ency
measures can greatly reduce the need for new power
plants.

Some examples are using “EnergyStar” appliances
such as refrigerators and washers/dryers, compact
fluorescent like bulbs, simply turning off the ligh ts
when you leave the room.

Some have name efficiency the “fifth” fuel, after ol l,
coal, gas, and nuclear.

Reducing our energy needs by 50% through increased
efficiency is not an unreasonable goal.



Alternatives to Coal-Fired Power Plants

Coal-fired power plants themselves could burn
coal much more efficiently with advanced
technology.

An important example is the “combined cycle”
coal fired power plant that generates electricity
with a gas turbine, and taps the waste heat from
the turbine to run a conventional steam engine to
generate more electricity. Efficiency of
production of electricity can double to about 65%.



Alternatives to Coal-Fired Power Plants

There are also ways to trap and store the carbon
dioxide before it is emitted from the plant’s
smokestack into the atmosphere.

If methods of trapping carbon can be achieved at a
competitive cost, concern about impacts on global
warming would be mitigated considerably.



