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Learning objectives

Today's objectives

� LIST examples of power system vulnerabilities (\faults")

� EXPLAINthe notion of a \heat engine"

� DESCRIBEthe operation of steam and gas power plants

� COMPREHENDfundamentals of exploiting \
uids" to generate
electricity

� IDENTIFYenvironmental impacts of energy sources
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Power system faults|What can possibly go wrong?

Lightning
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Power system faults|What can possibly go wrong?

Wind or snow
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Power system faults|What can possibly go wrong?

Material aging

Deterioration (insulation failure)
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Power system faults|What can possibly go wrong?

Animals
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Power system faults|What can possibly go wrong?

Construction accidents
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Power system faults|What can possibly go wrong?

Maintenance accidents
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Simple thermodynamics

Heat engines: generating motion from heat

De�nition (Heat engine)

A heat engine is amechanical devicethat provides useful work from
the di�erence in temperature of two bodies.

For example: your car
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Simple thermodynamics

Nicolas L�eonard Sadi Carnot (1796{1832)

Theorem (Carnot)

No engine operating between
two heat reservoirs can be
more e�cient than a Carnot
engine operating between
the same reservoirs.

Carnot engine e�ciency:

� = 1 �
TC

TH

Example
Estimate the maximum
e�ciency of a coal power
plant.
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Power plants Coal

USA 2007 coal production

U.S. Total: 1,146.6 Million Short Tons (1.4% decrease from 2006)
Source: http://www.eia.doe.gov/fuelcoal.html
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Power plants Coal

How a coal (thermal) power plant works

Source: \Electric Energy|An Introduction" by Mohamed A. El -Sharkawi, CRC Press, 2005
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Power plants Coal

Siemens steam turbine rotor

Source: http://en.wikipedia.org/wiki/Image:Dampfturbine_Lae ufer01.jpg
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Power plants Coal

Environmental issues of burning coal

Sulfur oxides (SO2, SO3): respiratory problems, acid rain
(H2SO4)

switch to lower sulfur fuels (?)
fuel desulfurization (coal washing, coal liquefaction, coal
gasi�cation)

ue-gas desulfurization (e.g., lime/limestone scrubbing)

Particulate matter (ash)
electrostatic precipitators
fabric �ltration

Nitrogen oxides (NOx): smog, acid rain, greenhouse e�ect
catalysts

Carbon dioxide (CO2): greenhouse e�ect
carbon capture and storage (sequestration)
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Power plants Gas

Gas turbines

Source: http://en.wikipedia.org/wiki/Gas_turbine
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Power plants Gas

Combined-cycle power plants

Source: http://www.power-technology.com/projects/san_joaqui n/images/Combined3.jpg
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Power plants Coal to syngas

Integrated gasi�cation combined cycle (IGCC)

Source: http://en.wikipedia.org/wiki/Integrated_Gasificatio n_Combined_Cycle
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Power plants Nuclear

Pressurized water reactor | Nuclear �ssion

Source: \Electric Energy|An Introduction" by Mohamed A. El -Sharkawi, CRC Press, 2005
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Power plants Nuclear

Nuclear fusion

Atomic particles join together to form a heavier nucleus

Fusion power research for the last 50 years

ITER plant in France (10 billion euro research facility; will be
operational in 2018)

Goal: to produce 500 MW for 1000 secs (by burning 0.5 g of
fuel)
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Power plants Wind

USA wind energy resources

Source: http://rredc.nrel.gov/wind/pubs/atlas/maps.html
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Power plants Wind

Wind energy

Example
How much power can we extract from wind?

Example

A wind turbine is rated for 1 MW when the wind blows at 15 m/s.
Estimate the radius of its blades.
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Future of energy

Cool stu�

Solar (voltaic and thermal)

Space power

Tidal/Wave

Geothermal

Distributed generation

The hydrogen economy

Compressed air energy storage

Superconductivity

Electric vehicles

The \smart grid"
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Extras

Fun stu�

Travelocity roaming gnome:
http://www.youtube.com/watch?v=o_f7hfppikU

Faraday suit:
http://www.youtube.com/watch?v=UleGgWpeRhI

High Power job:
http://www.youtube.com/watch?v=oDW3iBYya3I

Circuit breaker:
http://www.youtube.com/watch?v=hpXOrZi196Q&NR=1

3-phase disconnect (oops)

Arc across 400 kV insulator

Arc across 400 kV insulator (slow motion)
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