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What is It?

More than 100 years old
Constantly evolving and growing
Critical to the economy and each of us.

The major technological achievement of
the 20t century

The largest machine in the world!
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“Commodity” Aspects of
Electric Power

Electricity is not a simple commodity
Complex multi-attribute service

Treating electricity as a simple
commodity is a gross approximation

Electric power has BOTH private and
public good aspects
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Public “Goods” Attributes

Voltage

Frequency

Reliability

Power Quality

Losses (Real & Reactive)

Markets Do Noft Efficiently Provide
Public Good's
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“We are a major superpower with a
third-world electrical grid.”

New Mexico Gov. Bill Richardson
August 2005
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“A smaller transmission margin for reliability
makes the preservation of system reliability a
harder job than it used to be. The system Is
being operated closer to the edge of
reliability than it was just a few years ago.”

U.S —Canada Power System Outage Task Force
Causes of the August 14 2003 Blackout in
the United States and Canada
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The Challenge
Environmental Pressures

i o

NIMBY = Not In My Backyard
LULU = Locally Undesirable Land Use

BANANA = Build Absolutely Nothing
Anywhere Near Anything
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An Inconvenient Truth on DVD

The Challenge

NOPE =
Not on Planet Earth
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The Challenge
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Reliability Depends on

* Engineering design, quality construction,
proper maintained and operation - Reliability
is an engineered outcome,

* Unused and Underutilized Generation!
* Unused and Underutilized Transmission!

Will Competitive “Free Markets” Ever
Build What is Seldom Used?
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Reliability Depends on

For the power system to be
reliable, the participants must
cooperate, for markets to be
competitive, the firms must

compete.”
Charlie Rudasill, VEPCO, retired
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Can't Legislate Where Electrons Go

Desired Flow | Actual Uncontrolled Flow
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The Opportunity
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Local and Global

» Improved local capabilities
— Use of Dynamic Ratings

— Increased capacity in ROW with new conductors and
line designs

— Control of AC line loadings (FACTS) Power
electronics to control flow and voltage
» Improved global capabilities

— Rapid, reliable, accurate acquisition and transmission of
critical data to system managers

— Increased understanding of system in operation
— Reduction in outages and faster recovery from outages
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The Opportunity
Communication Technology

v"% Rapid, reliable, accurate

™" acquisition and transmission
of critical data to remote
controllers

v"% Sample technologies

™" Integrated utility communications
Fiber optics
Satellite communications
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The Opportunity
Measurement Technology

", Capture, measure, and analyze
%, power system operating data

‘-fhf:: Sample technologies
" Data acquisition tools
" Distributed processing capablilites
"~ Fiber-optic sensors
Laser instrumentation
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Synchronized Phasor Measurement

Real time Monitoring and Alarming of regional
angle differences against predefined thresholds

Computer Screen
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The Opportunity

|:| Advanced Computer Capabilities

N
= ‘;‘h': Better management, display, and

"

£ . manipulation of data for quick action
'
Y 2 Sample technologies

“n

Super computers

Super workstations

Mega chips

Distributed processing

Data visualization

Reinvention of analog machines
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Opportunity
New Theoretical Understanding

L)
‘!: ".‘: Could lead to new approaches for

™" predicting, diagnosing, and controlling
system disturbances and system
operations
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A Stable System. . .
Returns to Equilibrium
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Actual Malin Voltage
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Chaos Theory & Electric
Power!

AC Power System Fundamentally Chaotic
This is Important for

+ System Stability

 Ability to Predict and Anticipate Outages

* Risk and Probability of Large-Scale Outages

> Need to Monitor Global Properties of System
- Distance to Collapse
- Criticality
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Paul Grant will continue this
discussion
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