GRIDWISE Bringing the Electric
A System into the
A

Information Age

Information technology
will profoundly transform
the planning and operation
of the power grid ...

Rob Pratt GridWise Expo Europe
Pacific Northwest National Laboratory October 2006
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Value of Demand Elasticity:
Lower Peak Demand & Stabilize Prices
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w Does Managing Peak Electrical
Demand Save Money?

Hourly Loads as Fraction of Peak, Sorted from Highest to Lowest
100%

1
|
90% :
- eneration
80% - \! / 9
. 75%
e I
= 60%
- |
S I
(1 |
§ 40% : \
I _ . . .
- ' — 5% = ~400 hrs/yr  distribution
20%
: ~
|
|
O% ! T T T 1
0% 5% 20% 40% 60% 80% 100%
Percentage of Year (8,760 hrs)

B 25% of distribution & 10% of generation assets (transmission is similar),
worth of 100s of billions of dollars, are needed less than 400 hrs/year!



unicate — With Whom? About What?

Customer Perspective of dWise
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Central generation
e Avoided infrastructure

» Transmission ™ vk
e Avoided infrastructure
e Congestion relief
e VAR support
e Spinning reserve |
e Non-spinning reserve
B Distribution
e Avoided infrastructure
e Voltage support

e Power quality W\

» Customer
e Lower electric costs
e Waste heat utilization
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Penetration

Connecting the Dots of the Value Chain:
evealing Value at All Levels to All Participants

~3-yr payback
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Do the Benefits Outweigh the Costs?

» RAND Corporation study suggests an emphatic yes!
e Present value of all benefits range from $40B to $140B
e Deferred capital investments represent $20B to $100B
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Estimating the Benefits of
the GridWise Initiative
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JOIN THE ALLIANCE TODAY!

GridWise Alliance: Mobilizing Industry

the GridWise Alliance Is:

The Alliance agenda:

e Utilize information technologies to
revolutionize energy systems

e Develop and deploy technology
solutions that cross enterprise and
regulatory boundaries

e Enhance security and reliability
through a flexible, adaptive power

grid
e Empower consumers to benefit
from their participation
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GridWise Northwest Demonstration
Projects
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7 Pacific NW GridWise™ Testbed Projects
GRIDWISE : o
. Unleashing the power of distributed resources
B,
* . e _, *(Olymplc Peninsula

Pacific NW GridWise Project Participants

{ U.S. Dept. of Energy PNNL

| Bonneville Power Administration Invensys
Pacificorp Preston Michie Associates

Dr. Lynne Kiesling
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Olympic Peninsula GridWise
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Testing Market-based Customer Incentives
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Thermostat Opportunities
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Water Heater
Controller
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fomeowner Web Interface—the Home’s
Dashboard
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arly Economic Experiment Results

Table 1 - Olypen results for May 15 - June 30,
2006 (4500 observations) :
Fixed group (1)
Result Control Fixed TOU RTP i
1hour AR 089  0.83 085 086 |& 2-
4 hour AR -0.25 -0.23 -0.22 -0.21 _
kWh/$ - - -0.09~ -0.01! | I I I I
kKWh/F 0.06! 0.13~ 0.06! 0.11~ 9000 319A00  I0000 320E00 321000
kWh 3.3 3.1 3.4 3.0 Time
TOUCPP group (2 RTP group (3)
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rid Friendly™ Appliances (GFASs)
Help Keep the Lights On!

Loads and Reserves on a
Typical U.S. Peak Day

Resident.
(non-
GFA)
Industrial 12% GFA* potential

28% exceeds US
Residential operating

(GFA*) 18% reserve
requirements!

Operating
reserves
13%

Commercial
29%

Frequency Deviations Across New York - Now Jersey, 8114103, by zip code

Trajectory 2

*GFA for: heat, AC,

f.; S .ﬁ,\ | :
e ¢ Ny _om | HW, refrig.

Frequency (H)

Grid Friendly Appliances sense
o grid frequency excursions &
control region’s appliances to act
o] hgrid | as spinning reserve — No
e communications required!

Pacific Northwest National Laboratory
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Grid Friendly™ Appliance
Demonstration

Autonomous GFA under frequency
curtailment response to 200
appliances in 150 residences

e 150 Whirlpool/Sears dryers

e 50 water heaters

» Assess performance through
correlation with frequency events

e Eventlog & load data collection

(Invensys)
» Perform preliminary assessments

» Assess consumer acceptance — ,
of costs and benefits

Whirlpool post-survey

“When the inevitable occurs ... people get stuck in elevators and high-value uses of
power are shut off along with all the lowest priority uses of energy. It's the meat-ax
approach to interrupting power flows.”

Dr. Vernon Smith, 2002 Nobel prize Winner, Economics



Installed Project Dryer
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1501 Dryer 4/13/06 Expanded

Field Dryer Response
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May 2 WECC
Event
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Information: The Virtual Electric Infrastructure

FACT:

In the next 20
years, the U.S.
will spend
$450B on
electric
infrastructure,
just to meet
load growth.

GRIDWISE:

(0 2 [0] (04 =

Perpetuate a 20th
Century solution

OR

Invest in a 21st
Century system
saving ratepayers
$80B while
increasing
reliability and
flexibility.

Revealing Values + The choice is

Communications + easy because...
Advanced Controls

= Electric infrastructure  $ bits << $ iron



Rob Pratt, Program Manager

Pacific Northwest National Laboratory

robert.pratt@pnl.gov
509-375-3648

http://Iwww.electricdistribution.ctc.com

http://www.gridwise.orq

http://gridwise.pnl.gov
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http://www.electricdistribution.ctc.com/
http://www.gridwise.org/
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