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The Electric Grid is a Complex System
with Unique Characteristics

Physically

A Never holistically designed, grid developed
incrementally in response to local load growth
Today, there are:

T 30,000 Transmission paths; over 180,000
miles of transmission line

T 14,000 Transmission substations

T Distribution grid connects these substations
with over 100 million loads, i.e. residential,
industrial, and commercial customers

A Diverse industry w/o a common voice
T 3,170 traditional electric utilities

T 239 investor-owned, 2,009 publicly owned,
912 consumer-owned rural cooperatives,
and 10 Federal electric utilities.

Technically

A Electricity flows within three major
interconnections along paths of lowest impedance
(at the speed of light); yet the grid is operated in a
decentralized manner by over 140 control areas

A Demandis uncontrolled; electricity is the ultimate
Aj ungti meod producti on

Uniqueness
A Two things make electricity unique:

1. Lack of flow control
2. Lack of large-scale energy storage

A Change either of these and the grid delivery
system will be transformed

process.
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State of the Grid

] Congestion

LIOTT W Al T&D lines are operated at capacity limits in some
[ 1 areas, costing ratepayers ~ $2B/yr
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Power is provided by more expensive local
generation capability

Constrains deployment of renewables, nuclear,
and clean-coal generation technologies
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Major Disruptions

Major, widespread outages cost the nation over
$1 billion /yr on average

August 2003 outage cost an estimated $10B

Power Quality & Momentary Outages

Short localized outages result in losses as high as
$80 billion/yr

DMSPF15 7 hours after
15 August 2003 2003 Blackout

01142

7 hrs after Blackout

National Security Implications
Potential for increased vulnerability

Interdependency of critical energy systems
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Preparing the Grid Now
to Meet Future Scenarios

2006
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Arids, No BHEV
Ectrically-sersitive equipment (8
hrsiyr )

14®trd areas

Bergy Mgt Sstems (<19
TS wires

~1@illion DG units

Bdous
Ang | nfrastructure
Mnerahility of assets

Bmgrg Hoply Mix

A Renquires increased mergins
A Requires additional transmission
A Requires contrd/communications

Demand Tansformmetion
A Bpanding Digjtal Eonormy

A Brer quality needs

A Demend gronth

exity of Grid
A Epanding footprint, overlay of
markets, i c | oicsthere d g e O

Mnerablity of
Bergy | nfrastructure

A Interdependendes of eedtric and
energy systens

SeDerand goath

Load curves i increased pesking
Barin hylrids (2bincrease demand)
Moare eectrically sensitive  equipment

Nodes within contrd area increase 540
Bergy Mgt Sstens (79

Aditional 3WMes needed

~27illion DG units (& increase)

Infrastructure protection

Increased glabalization

Materials and resource limitations
Mhezard risks will continue to increase
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R & D/ Policy

Pursuing Technology for the 215t Century

Improving system efficiency- increase capacity, reduce losses
A Wire Development
A Cables and other devices

Improving operator awareness and response times by developing
a switchable, smart, secure network

A Real-time monitoring, advanced algorithm development

A Situational awareness tool

A Advance control systems (security/ Interoperability)
Improving load management, power quality, and faster grid
operations

A Storage demonstrations and advanced storage materials

A High- voltage power electronics (switches)

Improving asset utilization, generation diversity

A Transition into systems integration (including renewables, plug-in
hybrids)
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Existing Tools Are Not Adequate for
Maintaining Reliability

.

Some of the monitoring failures identified in the Final Blackout
Report were:

i LTSS

“ T g DMSPF15

A the failure of operators to detect the loss of transmission
lines, to recognize or understand the deteriorating condition
of the system, and to recognize the need for action due to
insufficient information

A the failure of operators to assess and understand the
inadequacies of the system, particularly in regard to voltage
stability

A WKH IDLOXUH RI WKH LQWHUFRQQHFWHG JULGYV UHOLDELOL
organizations to provide effective real-time diagnostic support

7KH UHOLDELOLW\ RI WKH QDWLRQ:-V EXON SRZ

improved by developing an interconnection -wide real -time

monitoring system to give system operators a near -instant

SLFWXUH RI WKH WUDQVPLVVLRQ VA\VWHP -V KHI
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