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Development of Wind Integration Tool - WINS
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Wind-storage coordination
DC transmission modeling
Wind-load correlation
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Transmission System in the United States
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Power Plants in the United States

a5 Wind Integration Simulator
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Natural Gas System in the United States

| Wind Integration Simulator
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Gen. Dispatches
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Land-based Wind Sites (El, 580GW)
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Energy (GWh)
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Wind Energy Contribution (Scenario 3)

mm— \Vind Energy =mmmm Total Energy —a— Wind Contribution Percentage
r 45%
- 40%
+ 35%
- 30%
- 25%
- 20%
- 15%

Energy (TWh)

~882888E8E8

Wind Contribution Percentage

1 2 3 4 5 6 7 8 9 1 11 12
Month

o
(]
E

—+— off-peak hours
—@— peak hours

wn
o
e

o=
o
E

Wind Contribution Percentage
o o o
B - E

[}
F 4

=

L)

L7

e

oun

an

b |

L)

o

-

o

bt

-

=

L)



Energy (GWh)
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Wind Replacing Gas and Coal
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Wind Replacing Gas and Coal
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Production Cost($Million)
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Summary of All Scenarios

Scenarios. Wind E'ﬂ{mrity Wind F_nf-rg.v 'Wiu-[l Fl-le-rgvl . Pro tlurtin-u . Average Pro tlu_rt.'iun
({GW) {(TWh) Contiibution (%) Cost ($ Billion) Cost ($DIWL)

No Wind 0 0 0 217.5 45.64
CF = 40% 230.5 845.2 17.67 130.4 27.25
CF = 30% 421.5 1,596 33.37 86.8 18.14
All Wind 580 1,816 38.00 77.0 16.10
20% Lower 845.2 17.67 118.9 2487
Fuel Price 10% Lower 8452 17.67 124.7 26.06
Sensthivity 10% Higher 8452 17.67 135.7 28.36
20% Higher 845.2 17.67 141.7 29.63
20% Lower 676.1 14.14 143.7 30.03
Wind Cen 10% Lower 2305 7606 15.9 136.8 28.08
Sensitivity 10% Higher 9297 19.44 1304 2599
20% Higher 1014 21.20 124.3 24 80
20% Lower 845.2 22.07 64.0 16.73
Load 10% Lower 845.2 19.62 91.6 21.27
SEnsitivity 10% Higher 2452 16.29 178.5 34.65
20% Higher 8452 15.12 2459 44 .54
Low Carbon Cost with 40% Wind 230.5 845.2 17.67 406.8 84.97
Clarborn Cost High Carbon Cost with 40% Wind 230.5 845.2 17.67 638.0 133.3
Sensitivity Low Carbon Cost with 30% Wind 4815 1,596 17.67 2857 69 68
High Carbon Cost with 30% Wind 481.5 1,596 17.67 448.0 93 59
Mo Wind Energy with Load Shedding ] ] ] 2087 44 00
Mmﬁ;ﬁlem Min 40% CF Wind with Load Shedding 230.5 845.2 17.81 123.0 25.90
Min 30% CF Wind with Load Shedding 421.5 1,596 33.53 20.6 16.97




Locational Marginal Price (El)
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