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U.S. Wind Resource i1s Abundant

United States - Annual Average Wind Speed at 80 m

Offshore
Total gross potential: ~4,150 GW
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Total gross resource potential does not consider exclusion zones or siting concerns
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U.S. installed wind capacity grew 15% (5,116 MW) and provided
26% of all U.S. electric generation in 2010
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A 42,423 MW of total installed wind capacity in the United States (as of 6/30/2C
A 50 stateshave utilityscale wind with 14 states > 1,000 MW installed

A 7.4 GW currently under construction

A Over 35,600 commercially operating wind turbines > 1 MW in capacity
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U.S. wind percentage of electricity rising by State in 2011

<1% Il 1%to5% M 5%to10% M 10%to15% M > 15%

A 15%
ND: 12%
MN: 10%
SD: 8%
KS: 7%

U.S.: 2.3%

In state with largest wind installation (TX: 10,085 MW), independent
system operator ERCOT received 7.8% of electricity from wind in 2010.

Source: AWEA U.S. Wind Industry Annual Market Report Year Ending 2010
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InstalledU.S. windcapacity in the 3 interconnections

Capacity Installed MW

B Eastern Interconnection 18,947
 Western Interconnection 11.763
Electric Reliability Council of Texas 9.307

WESTERN >
INTERCONNECTION ~

Source: AWEA U.S. Wind Industry Annual Market Report
Year Ending 2010
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State policies help direct the location and amount of wind powe
development

MN: 25% by 2025

MT: 15% by 2015 | Xcel: 30% by 2020
ND: 10% by 2015

SD: 10% by 2015

A Y
IWA: 15% by 2020 [if

ME: 40% by 2017 |
JINH: 23.8% by 2025 |
IMA: 11.19% by 2009 +1%yr|
» [RI: 16% by 2019 |
[CT: 23% by 2020 |
NDE: 25% by 2025 |
DC: 20% by 2020 |
VA: 15% by 2025 |

MI: 10% by 2015 ||VT:20% by 2017

WI: 10% by 2015 EENY: 30% by 2015
5-10% by 2025 (smaller utilities)

PA: 8.5% by 2020
NV: 25% by 2025 IA: 105 MW by 1999 NJ: 22,50 by 2020
UT: 20% by 2025 |KS: 20% of peak

CO: 30% by 2020 (IOUs)
10% by 2020 (co-ops and munis)

OR: 25% by 2025 (large utilities)

CA: 33% by 2020

NC: 12.5% by 2021 (IOUs)
10% by 2018 (co-ops and munis)

IAK: 509 by 2025 |

TX: 5,880 MW by 2015

I Mandatory RPS
[ ] Non-Binding Goal

:"__:‘|H|: 40% by 2030 | / |
® -

Source: Berkeley Lab

A29 states and Washington, D.C. have mandatory Renewable Portfolio Standa
programs in place

AState renewable funds, tax incentives, utility resource planning, voluntary gre:
power, and concerns about carbon emissions all also played a role in 2010
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A New Vision for Wind Energy20% Wind Energy by 203(

Setting the Stage for Growth
20% Wind Energy by 2030 is a technic:
analysis of the possible impacts, costs,
and benefits of producing 20% of the
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Conclusions for Grid Integration:
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windSY SNEHeé Ay(2 GKS
a e a i Dt oethisXo be most
economically achieved (i KS H s’z
Scenario would require the continuing
evolution of transmission planning and
system operations, in addition to
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http://www.eere.energy.gov/windandhydro

20% Wind by 2030 Conceptuéitansmission Overlay
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Wind Power Classification

the McGraw-Hill Companies
Wind Resource Wind Power Wind Speed’ Wind Speed®
Power Potential Density at 50 m at 50 m at 50 m . . . Conceptual 765 kV Network
Class W/m?* mi/s mph This map shows the wind resource data used by the WinDS i S
— N . B AR model for the 20% Wind Scenario. It is a combination of high — N);I:II;ZS o
4 Good 400 - 500 70-75 15.7-16.8 resolution and low resolution datasets produced by NREL and W ACDCAC ik
5 Excellent 500 - 600 7.5-8.0 16.8 -17.9 other organizations. The data was screened to eliminate ) ’
6 Outstanding 600 - 800 8.0-8.8 17.9-19.7 areas unlikely to be developed onshore due to land use or S el e o)
7 Superb 800 - 1600 8.8 -11.1 19.7-24.8 environmental issues. In many states, the wind resource on
* Wind speeds are based on a Weibull k value of 2.0 this map is visually enhanced to better show the distribution

on ridge crests and other features.

A19.000 miles of new 765 kV transmission lines
A$26 billion net present value cost
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20% Wind Energy by 2030
Future Needs for Transmission & Integration into U.S. Electric Sys

w
o
o

@ Offshore
B Land-based

System Planning and Operation

[
(3
o

N
(=3
o

w More wind integration studies

w Deploy more flexible generation technologi
w Betterwind plantforecastingtools

w Improved grid codes & winplant models

w Aggregation of wind plants over large regions *
w Consolidation of balancing areas 0
w Forums to share operating experience o o o o o o
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Actual

Transmission Planning Market & TransmissiorPolicy

w Develop adequate transmission capacity w Develop howahead andday-ahead
w Comprehensive regionglanningprocesses energyandprice responsive load markets
w Leadership in developing transmission in theAdoptmarket rules and tariff provisions

national interest appropriate to weatherriven resources
w More certaintyof transmission cogtecovery w Better use ofavailable transmission

wMoreNR o dzald +FyR Tt SEAGOGfcdpacitya YI NIl ¢ 3INRR
w Favorable energy markets and policies
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Major U.S. Regional Studies Completed in 2010

35% Wind & Solar

penetration scenario i/h ‘;

EASTERN WIND INTEGRATION
AND TRANSMISSION.STUDY:

Executive Summary and Project Overview

INTEGRATION STUDY

PREPARED FOR:
\T10| RENEWABLE
Prepared for:

e 20% & 30% Wind
PewED o penetration scenarios i S

EnerNex Corporation

MAY 2010
January 2010

http://www.nrel.gov/docs/fy110sti/47086.pdf

http://www.nrel.gov/docs/fy100sti/47781.pdf

Results are consistent with 20% Wind by 2030 analysis
A Integrating high penetrations of wind is technically feasible
A Transmission and infrastructure investments are necessary for higher

penetration levels
A In some cases, changes need to be made to current operational practice

A Use of forecasts is highly valuable
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Western Wind and Solar Integration Study

Can we integrate 35% w

wind (30%) and solar
(5%) Iinthe West?

Study GoalTo assess the operating
Impacts and economics of wind and
solar on thewestConnecgrid

Study Questions:

A Howdo local resources compare to remote, higher quality resources
via long distance transmission?

A Can balancing area cooperation help manage variability?
A Do we need more reserv@sDowe need more storage?

A How does geographic diversity help

A Whatis the value of forecasting?
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Operations during a challenging miépril time period
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NoWind/Solar Case HighRenewables Case
(30% Wind)
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35% renewables have a significant impact on other generation
during the hardest week of three years (Agril 2006)
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