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Technical Advisor: Utility Wind Integration Group
Co-Chair, 20% Wind Energy Advisory Group
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% Storage: Is it needed?
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“Today’s tight natural gas markets have
been a long time In coming, and distant
futures prices suggest that we are not apt
to return to earlier periods of relative
abundance and low prices anytime soon.”

— Alan Greenspan, Federal Reserve Chairman,
Testimony at Senate hearing, July 10, 2003
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NYMEX Natural Gas Futures Near-Month Contract Settlement
Price, West Texas Intermediate Crude Oil Spot Price, and
Henry Hub Natural Gas Spot Price
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Mote: The West Texas Intermediate 0TI crude ail price, in dollars per barrel, is converted to FMBtU uzing & conversion
factor of 5.80 MMBtu per barrel. The dates marked by vetical lines are the MYMEX near-month contract settlement dates.
Source: Matural gas prices, NGFs Daily zas Price Index (hitp iinteligencepress . com);, Wl price, Reuters News Service
[http: Moy reuters com).

Source: EIA Natural Gas Weekly Update, 7-10-08
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“* Wind total capital cost: about $2,200 kW today
“S\Vine energyicest: alnoui U/ ANANWITICUFPIIC)
¢ Includes 0.5 to 1.0¢/kWh for O&M

Vi energyicesis arersicileroverplanlieunie

Natural-gas plant fuel cost (HR 8,000 - 10,000)
$/MMBTU: 4 6 8 10 12 gas cost

¢/kKWh: 32-4 48-6 6.4-8 8-10 9.6-12 fuel only
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2006 Minnesota Wind Integration Study
Integration of 20% Wind Energy Can Be Managed

Unit Commitment Costs
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Penetra- Regula- Load- Unit- Tejtzll
Study tion (%) tion  Follow Commit Impact

UWIG/Xcel 3.5 0 0.41 1.44 1585
Pacificorp 20 0 1.6 3.0 56

BPA/Hirst 7 0.19 0.28 1.40 18V
We Energies 29 1.02 0.15 1.75 2.97
Xcel/PSCO 15 0.20 0 A4.77 2ROV
Xcel/MNDOC 15 023 O 4.37 2560
MN/MNDOC 20 011 O 2.00 2.0
MN/MNDOC 34 0.23 0 4.18 AR
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Papjaiifel- Tojizl
Study HERNG.) IMPECH

Xcel/MNDOC (2004) 15 2,600
MN/MNDOC (2006) 20 211
MN/MNDOC  (2006) o)l A )

Wy elre irle 2008 sitlcly lnfloelcis logwe?
2004: Balancing area -- Xcel NSP MN

2006: Balancing area -- entire state of MN (4 BAS)
Also access to entire MISO footprint
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not recommended -- remainder of generation fleet
compensates for variations in wind

REegienal shiaingreduiesenusitiansmissIeRISy/Sien
IEnsSmissIeRpPgrades anerexpansioRMequied o2 o)

wind expansion -- and for any future growth of the nation’s
electric power capability
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Utility Wind
Integration Group

European Experience

(data for 2005-2006) Denmark Spain Germany Ireland
W)

Peak Load (MW) 3,700 44,000 78,000 4,800
Minimum Load (MW) 1,200 17,000 38,000 1,800
Wind Capacity (MW) 2,400 10,000 18,000 600
Wind, % Peak Load 65% 23% 23% 12%
Wind, % Minimum Load 200% 59% 50% 33%
Wind, % Total Energy 24% 7% 5.5% 6%
Capacity Goal by 2010 3,600 20,000 25,000 1,200
(MW)
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@ UWIG Forecasting and Balancing Markets
Itegration Group Reduce Impacts
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meartioncor ERCOT Wind Generation —Feb. 26, 2008

— Updated Resource Plan for Wind (') — 2-25208 80% of Wind MW Forecast RT Wind Output
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@ What About Energy Storage?

¢ Valuable component of a power system, can
provide many benefits

¢ Greatest value when operated for benefit of entire
system, not dedicated to a single resource

¢ One of many sources of flexibility available to the
system

¢ Integration studies do not show need for storage
at 20% wind except possibly on small, isolated
systems
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Capacity: meeting new load growth and
serving peak loads on demand

Wind’s contribution to capacity is generally a small
fraction of it's plant rating

Wind generally cannot be relied on as operating
reserves on a day-to-day basis

Existing non-wind generation maintains balance
between demand and generation

Hence wind requires no new generation to provide
“backup”




T Carbon Reduction

e

Enerqy: displacement of fossil fuels

** Wind is primarily an energy source

s System can rely on wind to provide a known
amount of energy over some period -- say, a week
or a month

s System can’t rely on wind to be operating at a
prescribed, specific instant
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Wind Integration State of the Art:
UW’G IEEE Power & Energy Magazines

Utility Wind
Integration Group November-December 2005 and 2007

IEEE {

Integrating Wind into the Power System

Wind Integration

Market Opportunity

A Stiong Foundation
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2005 General Meeting
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“ WWW.uwig.org



