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MODERN GRID

Many are working on the Smart Grid
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Smart Grid Principal Characteristics MODERN GRID

The Smart Grid will:

= Enable active participation by consumers

=  Accommodate all generation and storage options

= Enable new products, services and markets

= Provide power quality for the digital economy

= Optimize asset utilization and operate efficiently

= Anticipate & respond to system disturbances (self-heal)

= (Qperate resiliently against attack and natural disaster
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Metrics are everywhere

Average Retail Price (cents/kwh) Generation Asset Utilization
10.00 56%
9.00 - 54%
8.00 -
7.00 52% |
6.00 50% -
5.00 -
4.00 48% 1
3.00 - 46%
2.00 -
O,
1.00 4%
0.00 . . . . . . . . . . . 42% . . . . . . . T T T T
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
80
0
Wholesale Natural Gas Supply to Electric Generators 60 1
9
50
8
; < g
8%
S 64
551 £
N r/ =%
% : / =
73 e 21
2
1 10 4
0 : : : : : . . . . . ‘
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 nms

MODERN GRID
STRATEGY

Office of Electricity
Delivery and Energy
Reliability

4



What i1s a Metric? MODERN GRID

STRATEGY

A standard of measurement (per Webster)
= A count or measurement

= Measurable and objective

= Can betrended

= Linked to an objective — needs context

= Metric categories

Value
Build



Why do we need metrics? MODERN GRID

= Keep us on track
= |dentify successes and opportunities for improvement
= |nitiate Corrective Action to address problems
= Reinforce good progress
= Serve as an effective communication tool
= Create alignment and motivation among stakeholders

= Enable us to project future progress
= Establishes baseline for target setting
= Provides insights for interdependent efforts
= Keeps the “end in mind”
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An example:

Nuclear Power’s Success Story
Some Metrics That Supported It




An example - Nuclear Power Industry

Objective — Improve
Economics

Metrics

= Refueling Outage
Duration

= Production Cost

= Capacity Factor

Objective — Improve
Nuclear Safety

Metrics
= Industrial Safety

= Safety System
Performance

= Radiation Exposure

try has a spokesman!
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Example - Nuclear Power Metric MODERN GRID

STRATEGY

U.S. Nuclear Refueling Outage Days

Average

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Source: |930-58 ELICG, 1997-2005 Energy Velodty / MRC
Upsdated: 206
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Example - Nuclear Power Metric MODERN GRID

STRATEGY

Economic Performance

(3-year rolling average production costs in cents per kilowatt-hour)

= 2000-2002
= 2001-2003

™ 2002-2004

1.3% 13% 35

Source: Energy Velocity and BMCG
Updated: &05
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Example - Nuclear Power Metric MODERN GRID

STRATEGY

U.S. Nuclear Industry Is Achieving Record
Levels of Performance

Capacity Factor (%)

Source Global Enengy Decsions  Enengy Information Adminisbration
Updated: | 1/0&
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Example - Nuclear Power Performance Indicator

U.S. Industrial Safety Accident Rate

One-Year Industry Values

0.55
0.26 0.3
. 0.24 0.22 0.25 0.25 0.24

1980 1985 1990 1995 2000 2001 2002 2003 2004 2005 2005
Goal

ISAR = Mumber of accidents resulting in lost work, restricted work, or fatalities per 200,000 worker howrs. i/'f
Source: World Aszocation of Muclear Operators C )
Updated: 2806
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Smart Grid Metric Map

Values
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Value Metrics - Work to date MODERN GRID

STRATEGY

Reliability
= (Qutage duration and frequency
= Momentary outages

= Power Quality measures

Security
= Ratio of distributed generation to total generation
= Number of consumers participating in energy markets

Economics

= Peak and average energy prices by region

=  Transmission congestion costs

= Cost of interruptions and power quality disturbances
Total cost of delivered energy

Deliv



Value Metrics - Work to date MODERN GRID

STRATEGY

Efficient
= System electrical losses

= Peak-to-average load ratio

= Duration congested transmission lines loaded >90%

Environmentally Friendly
= Ratio of renewable generation to total generation
= Emissions per kilowatt-hour delivered

Safety
= |njuries and deaths to workers and public

Deliv



Workshop Breakout Sessions MODERN GRID

Linking Metrics to the Characteristics:

= Enable active participation by consumers

=  Accommodate all generation and storage options

= Enable new products, services and markets

= Provide power quality for the digital economy

= Optimize asset utilization and operate efficiently

= Anticipate & respond to system disturbances (self-heal)

= (Qperate resiliently against attack and natural disaster

Deliv
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