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How We Use Electricity
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Electricity. The Engine That
Runs the Country

Oil Natural Gas

Other 2%  Hydro Nuclear 20%  Coal
3% 7% 19% 49%

(Solar,
Wind,
Geothermal,
Biomass)




World Electricity Generation by Fuel
Projected through 2030
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Energy Lights up the World




Energy Production

 Energy is produced when:
— A turbine is turned
— Electricity is generated
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Electrical Production

Coal

— Coal-fired electric generating plants are the cornerstone of
America's central power system. To preserve this economically-
vital energy foundation, innovative, low-cost environmental
compliance technologies and efficiency boosting innovations.

Natural Gas

— Did you know that 900 of the next 1000 US power plants will use
natural gas? Domestically produced and readily available to end-
users through the existing utility infrastructure, natural gas has also
become increasingly popular as an alternative transportation fuel.

QOil

— Qil is the lifeblood of America’s economy. Currently, it supplies
more than 40% of our total energy demands and more than 99% of
the fuel we use in our cars and trucks.

Hydroelectric

— Hydroelectric power facilities in the United States can generate
about 95,000 megawatts. Researchers are working on advanced
turbine technologies that will not only help maximize the use of
hydropower, but also minimize adverse environmental effects.
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Electrical Production

 Wind
— Wind turbines convert the kinetic energy of the wind into
other forms of energy. Large, modern wind turbines operate
together in wind farms to produce electricity for utilities.

e Solar

— Examples of solar technologies being developed
are photovoltaic cells, solar concentration technologies and

low temperature solar collectors.

e Biomass

— Biomass is a renewable energy source because we can
always grow more trees and crops, and waste will always
exist. Some examples of biomass fuels are wood, crops,

manure, algae and some garbage.
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Electrical Production

e Geothermal

— Geothermal energy is the heat from the Earth. Resources of
geothermal energy range from shallow surface sources to
hot water and hot rock found a few miles beneath the Earth's
surface.

e Nuclear

— In nuclear fission, atoms are split apart to form smaller
atoms, releasing energy. Nuclear power plants use nuclear
fission to produce electricity.

e Fusion

— In nuclear fusion, energy is released when atoms are
combined or fused together to form a larger atom. This is
how the sun produces energy.
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Coal - Costs

* Pro
— Low cost fuel

— Moderate operation and
Maintenance costs

e Con
— High Initial cost
— Extensive Transport

— Clean coal technology
extremely costly

Pocahontas mine, Crumpler, WV
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Coal - Environment

* Pro

— Clean coal technology
IS possible

e CoOn Cold Creek Station ND
— Mining impacts
— Emissions extensive —

Acid rain, Global
warming

— Solid waste

T0712004.12




Coal - Supply

e Pro

— Readily Domestically
Avallable

— Mature Technology
« Con

— Long Construction time
— Public opposition

T0712004.13




Natural Gas - Costs

* Pro

— Lower initial
construction costs

« Con
— Large price swings
— High Fuel cost

— EXxpensive for power
generation

The Cosumnes Power Plant

Sacramento, CA
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Natural Gas - Environment

* Pro
— Lower emissions than coal

e CoOn

— High greenhouse gas
emissions
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Natural Gas - Supply

 Pro + Con

— Reliable sources — Long term scarcity

— Short Construction — Political control of
time deposits

— Competition with
other uses
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Oll - Costs

e Pro

— Moderate cost to build
facilities, operate, and
maintain

e Con
— High/unstable fuel costs

— High Cost for low emission
output

Marathon Oil, Garyville, LA
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Oll - Environment

* Pro

— Better emissions
than coal

e CoOn

— Green house and
acid rain emissions

Shell Oil, Gulf of Mexico
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Oll - Supply
* Pro e Con

— Mature industry for — Politically unstable supply

extraction and — Large non-domestic supply
distribution
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Hydroelectric - Costs

Hoover Dam

* Pro

— Very Low
Operating costs

— Low consumer
cost

e CoOn

— High initial
construction costs

T0712004.20




Hydroelectric - Environment

* Pro
— Renewable
— Low emissions
— No waste streams

e Con
— Large land use

— Displacement of
animals, plants, and
ecosystems

— |If failure drama'nc Lake Mead, Hoover Dam, NV
Impact
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Hydroelectric - Supply

 Pro
— High reliability
— High capacity

« Con
— Limited locations
= Long ConStrUCUOH Iead tlme Source: Water Energy Resources of the United

States with Emphasis on Low Head/Low Power

— Weather and season dependent

(p- 47), U.S. Department of Energy
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Wind - Costs

e Pro
— Zero Fuel cost

— Moderate operating
and maintenance

— Suited for rural
areas

e Con
— High cost

— High infrastructure
cost

— Backup storage
expensive
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Wind - Environment

* Pro
— No Greenhouse effects
R paim Springs, CA
— Can effect wildlife
— Noise pollution
— High land use
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wWind - Supply

* Pro
— Renewable

e Con
— Limited locations
— Low individual capacity
— Public opinion limits use
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Solar - Costs

* Pro
— Fuel Is free

e Con
— High initial costs for
facilities
— High maintenance
costs

— High cost of backup
storage
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Solar - Environment

 Pro
— Renewable source

— No global warming or
acid rain emissions

e CoOn

— Large amount of land
needed

— Solar panels are toxic
when disposed of

— Impacts ecosystems
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Solar - Supply

e Pro

— Free when
avallable

e Con

— Intermittent,
dependent on
weather, season,
and longitude

pilot plant constructed in Manzanares, Spain
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Biomass - Costs

* Pro
— New, little data

— Benefit to rural
economies

Thetford, UK - largest Biomass plant in Europe

e CoOn

— Potentially high
cost for food
Crops
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Biomass - Environmental

e Pro
— Carbon neutral

e Con

— Large land use

'‘Bowles Hybrid'




Biomass - Supply

 Pro

— Domestically
produced

e Con

— Competition with
food supply
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Geothermal - Costs

* Pro

— Low operating
cost

e CoOn

— Moderate initial
costs
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Geothermal - Environmental

* Pro

— Very low
emissions

« Con
— Land Impact

— May alter
seismic activity




Geothermal - Supply

e Pro
— Almost renewable

— Steam technologies
are proven

— Reliable 24/7
— High capacity
potential

« Con
— Limited by location
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Nuclear - Costs

Pro

— Fuel is
Inexpensive

— Low operating
costs

Con
— High initial
construction costs

Indian Point Nuclear Power station, NY
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Nuclear - Environmental

 Pro
— Low land use

— No global
warming or acid
rain emissions

— Waste I1s small

e Con
— Disposition of
waste, low/high
level
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Nuclear - Supply

e Pro
— Fuel is abundant
— Recycling increases
supply
— Avallable 24/7
— Capacity of above 90%

e Con

— Long construction
timelines

— Requires stable political
and economic
infrastructures
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Fusion - Costs

® P ro Sandia National Nuclear Laboratory

— Low operating
costs

« Con
— Very large initial
costs

— Still experimental
production costs
are unknown
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Fusion - Environmental

e Pro

— No global warming
or acid rain
emissions

— Very small amount
of low level waste

« Con
— Many unknowns

T0712004.40




Fusion - Supply

* Pro
— Reliable 24/7
— Potential high capacity generation

e CoOn

— New emerging technology
— Need to produce the fuel
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Producing Electricity has
Safety Issues

e Coal

e Petroleum

- Hyd roeleCt”C Pocahontas mine, Crumpler, WV




Producing Electricity has
Safety Issues

 Wind

e Nuclear




Energy — Clean Air

Our Energy goals should include:

 Low Greenhouse gases

 NoO emissions causing
smog or acid rain
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Comparison of Life-Cycle Emissions

Tons of Carbon Dioxide Equivalent per Gigawatt-Hour
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Greenhouse gas (GHG) emissions from various power sources, including direct and indirect sources. * means projections are not available.

From Greening of the Nuclear Age by the , adapted from the International Atomic Energy Agency.
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Energy — Clean Water

Our Energy goals should include:

No harmful pollutants

No temperature effects

protecting aquatic life

Maintain integrity of
coastlines and water
sources
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Energy — Safe Habitats

Our Energy goals should include:

e Low land use

e Low habitat
Interference
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The Future of Energy

A bright energy future starts with
— Energy conservation
— Energy efficiency
Sound energy policy has a variety of resources and technologies
— Oil and gas
— Clean coal
— Nuclear

Renewables — wind, solar, hydroelectric, geothermal

New technologies

» Ground source heat pumps

* Biofuels — algae, corn, manure, switchgrass
Growing energy demands

National Security
Global warming
International cooperation
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