“The
Energy
€

Beyend O
. Role off Wi

Prdames A. Walker
co Chairman enXco Inc.

{ Brasic Amercan YWind
E =] JAFJ//A SOCIALoN

ﬁ

ey _".%" S



—4 New Capacity Added 2002-2007 by En
for the U.S. & (for 20
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The 20% Wind Report

Released by US DOE in May 2008
Available at:

Explores one scenario for reaching 20% wind energy
by 2030 and contrasts it to a scenario in which no
new U.S. wind power capacity is installed

Is not a prediction, but an analysis based on one
scenario

Does not assume specific policy support for wind (but
does assume some form of stable federal support for
renewables)

Is the work of more than 100 individuals involved
from 2006 - 2008 (government, industry, utilities,
NGOs)

Analyzes wind’s potential contributions to energy
security, economic prosperity and environmental
sustainability



+ The 20% Wind Energy Scenario
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Primary Assumptions:

- U.S. electricity consumption grows 39% from 2005
to 2030 -- to 5.8 billion MWh (Source: EIA)

. Wmd turbine energy production increases about
15% by 2030

- Wind turbine costs decrease about 10% by 2030
- No major breakthroughs in wind technology

Prlmary Findings:

- 20% wind electricity would require about 300 GW
(300,000 MW) of wind generation

- Affordable, accessible wind resources are available
across the nation

- Cost to integrate wind is modest if properly planned
- Raw materials are available
- Transmission a challenge
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Average Wind Speed at 80 m
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# 20% Wind Scenario
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20% Wind Report: Growth
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= 46 States Have Wind D
2030 Under the 20%

Wind Capacity
Total Installed {2030)
(GW)
|:] 0.0-01 '] Includes offshore wind. . '
[ Joa- e
|:| 1-5 The black open square in the center of a state represents
- 5.10 the land area needed for a single wind farm to produce the
projected installed capacity in that state. The brown square
| Bl represents the actual land area that would be dedicated
to the wind turbines (2% of the black open square).




¥ Wind Is Part of a Generation Portfolio
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] , The 20% Wind Scenario would decrease
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40% - ® Hydro 6000
l O Wind
20%

0%

If Wind is 20% of 2030
generation, 80% is
something else

4000 -

3000

2000 B Wind

m Hydro

m Natural Gas
E Nuclear

Electricity Generated (TWh)

1000

Other renewables
assumed to stay at 0
20006 levels — clearly S
understated




Annual CO, Emissions Reductio

CO., emissions

reductions by 2030=
~825 million metric tons

annually

Could avoid ~$98 billion
CO, regulation cost

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Source *: Hand et al., 2008
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CO, Emissions in the Electric Sector

(million metric tons)
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> Wind is Ready to Lead the Fight Against
/ Climate Change

20% Wind in 2030 is
equivalent to:

- : « Taking 140 million of today’s
Million Metric -Share of Cars' gff the ro'a'd, or y
2006 CO, Sources Tons/Year  Total . Increasing current vehicle
Power Generation 238 41.3% fuel economy ~45% to 25
Transportation 185 329 gf‘;g’ tct)'r 06% of the GO
0 . setting 96% of the
Indqstw | 82 103 emissions of the entire 2007
Residential 20 58% US Industrial Sector
Commercial 10 37% - EPRI/NRDC estimates of
Other 55 1.0% GHG reductions from PHEVs
in 2050
Tl 5638 100.0% "
Source: US EPA Inventory of US GHG Emissions & Sinks 1990-2006




#  Cumulative Water Savings from 20% Scenario

Water Savings
Billions of Gallons
0
0.01-25

25 - 50
B 0 - 100
[ R[S

Reduces water consumption of 4 trillidn gallons through
2030 (represents a reduction in electric sector water
consumption by 17% in 2030)



4  Transmission
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4 Enhancement of electrical
transmission system required in all
electricity-growth scenarios

A Transmission is needed to:
 Relieve congestion in existing system

 Improve system reliability for all
customers

* Increase access to lower-cost energy
- Access new and remote generation
resources

A Wind requires more transmission
than some other options as best
winds are often in remote locations

Photo courtesy: NREL



NREL Updated Maps:
Arizona (2003)
California (2002)

Idaho (2002)

Hinois (2001)

Indiana (2004)

Maine (2001)
Maryland (2002)
Massachusetts (2001)
Michigan (2004)
Missouri (2005)
Montana (2002)
Nebraska (2005)
Nevada (2003)

New Jersay (2002)
New Hampshire (2001)
New Mexico (2003)
North Carolina (2002)
North Dakota (2000)
Ohio (2004)

Oregon (2002)
Pennsytvania (2002)
Rhode Island (2001)
South Dakota (2001)
Texas mesas (2000)
Utah (2003)

Vermont (2001)
Virginia (2002)
Washington (2002)
Waest Virginia (2002)
Wyoming (2002)

m— Existing 765 kV
New 765 kV
AC-DC-AC Link

Transmission Lines
Voltage (kV)

N/ 345-499
/\/ 500-699

/\/ 700-799
A 1000 (0C)
Source: POWERmap,
| powermap platts.com,
©2007 Platts, 8 division

The remaining states use data from the 1987
"Wind Energy Atlas of the United States".

of the McGrarw- il
Companies

Wind Power Classification
Wind Power Wind Speed ®  Wind Speed ®
Density at 50 m at50m at50m
Wim? mis mph
200 - 300 56- 64 125-143
300 - 400 64- 70 143-157 U.S. Department of Energy
400 - 500 70-75 157-168 National Renewable Energy Laboratory
500 - 600 75- 80 168-179 y
600 - 800 80- 88 17.9-197
800 - 1600 88-111 197-248
.WMspeodaarebaudonadeulkvabeofzo ] S




#*  20% Wind Energy C

Unit Commitment Costs
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Penetration Level

Wind integration costs for three penetration levels and pattern years.

Cost of incremental operating reserves 1s embedded.
Source:
MN DOC
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Jobs Supporte

600,000 ]
B Total Induced cumulative

® Total Indirect cumulative

500,000 | @ Direct Operations

® Direct Construction
s00000| | ° Direct Manufacturing
300,000
200,000 I|

100,000

=

Over 500,000
total jobs would
be supported by
the wind industry

== Approx. 180,000
jobs supported

I 1111 lI I directly by the
I~ wind industry in

T

‘_ operations,

construction, and
manufacturing

2007 2009 2011 2013 2015 2017 2021 2023 2025 2027 2029
Year



Manufacturing Jobs Su

Jobs (in person-years)

.~ |300-1,000
1,000 - 5,000
. 5,000- 10,000
10,000 - 20,000
I 20,000 - 30,000

- > 30.000 Manufacturing location information from REPP Report by Sterzinger & Svrcek (2004)

Major component assumptions: 50% of blades are manufactured in U.S. in 2007 increasing to 80% by 2030,
26% of towers are from the U.S. in 2007 increasing to 50% by 2030 and 20% of turbines are made in the U.S.
increasing to 42% by 2030.




-1 Wd project sampie Inchides projects [
bt from 1998-2007

w Natiorwide Wholesale Power Price Range (for a flatblock of power)
| o Cumulativa Capacity-Weightad Avarage Wind Power Prica

2008
565 projacts

2004
67 projects

2005
86 projects

2006
88 projects

2007
105 projects

2,461 MW 3,262 MV 4,386 MW 5,682 MV 8,165 MW

Souros;FERC 2006 nd 2004 " State of the M rkel” reports, Berkeley Lab dstabase, Venty

AVERAGE WIND AND WHOLESALE ELECTRIC PRICES




# Summary: Costs & Benefits

$43 billion
Incremental direct cost to society 50 cents/month/
household

L o 825 million tons of
Reduction in emissions of greenhouse gasses and CO,

avoided carbon requlati t
vo! guiation costs $50 to $145 billion

8% through 2030

Reduction in water consumption 17% in 2030

500,000 total with
150,000 direct jobs

$2 billion in local
annual revenues

Jobs supported and other economic benefits

Reduction in nationwide natural gas use and likely 1%
savings for all gas consumers $86-214 billion

Sources: DOE, 2008 and Hand et al., 2008 Note: All dollar values are in NPV



+ Beyond The 20% Wind Scenario
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The 20% Scenario in no way represents a
“cap” — other scenarios could exceed 20%

Plug-in Hybrid Electric Vehicles (PHEVS)
present one scenario “beyond 20%”

- US DOT reports that 78% of cars are driven < 40
miles per day on average; corresponds to
expected battery range for PHEVs

- Wind Power could charge PHEVs at night, off-
peak, making better use of existing electric utility
infrastructure

- Smart Grid / advanced metering paves the way for
PHEVs to truly be “wind powered cars”



+ Beyond The 20% Wind Scenario
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EPRI/NRDC Study:

- If 60% of light venhicles replaced by PHEVs by 2050,
electricity consumption would rise only about 8%.

- Net carbon dioxide reductions of 450 million metric
tons annually—equivalent to taking 82 million cars
off the road.

PNWNL Study:

 Found the existing US electric system has the
“technical potential” to support 73% penetration of
LDV fleet by PHEVs

. \é\é%/uld reduce US GHG emissions 27%, oil imports
Expanding wind power will help ensure that
PHEV growth results in emissions and
electricity price reductions



Area to Power 100% of U.S. Onrbad_yehicles
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= Wind turbines,
Beyond 20% Wind ground footprint

Help the electric Wind-battery.
industry recapture |
the transportation B . 700
market they lost in £ &

early 1900s A Corn ethanol

turbine spacing

-~

Solar-battery and Wind-battery refer to battery storage of these intermittent renewable
resources in plug-in electric driven vehicles

WEB CALCULATOR- VISUALIZER — COMPARISON OF LAND
NEEDED TO POWER VEHICLES

Mark Z. Jacokson, Wind Versus Siofusls for Addressing Climate, Health, and Energy, Atmosphere/Energy Program, Dept. of Cwvil & Environmental Engnesring. Stanford University. March 5
2007. kitp:iwww.stanford edu/qroup/efimhfiacobson/S85vWindSol




Stable Policy Critical for Sustained Growth

US wind annual capacity additions

(Gigawatts)
8 - PTC
renewed
6 - —
76% 77%
4 4 90% drop drop

TC
delayed

‘99 '00 '01 02 '03 04 05 '06 '0O7 '0O8 '09

Era of PTC uncertainty

Era of PTC confidence ? |
Sources: American Wind Energy Associatian, Lawrenrce Berkeley Leb ea

% imagination at work 5/
GE Energy Financiol Services /

June I8, 2008




4 Can We Do It?

During WWII, US was arsenal to
the world

— FDR promised 60,000 airplanes,
delivered 229,600

— EVERYBODY pitched in.

Then it took 37% of GDP, 87% of
Federal budget

Today we have the resources to
do 300 GW using only 2.5% of
US steel production (Black &
Veatch)

US Auto Industry in 2007
produced the horsepower
equivalent of 1,700 GW - 100
times the annual rate of prime

mover production needed for
20% wind




s Conclusions

20% Wind Report provides authoritative confirmation that wind has
great growth potential

There are no fundamental technical barriers to the integration of
20% wind energy into the nation’s electrical system, but...

Requires a continuing evolution of transmission planning, system
operations and market development for this to be achieved

Scenatrio is feasible and brings significant net benefits

Scenario is not a cap — potential exists for accelerating schedule
(e.g. Pickens Plan) going beyond 305GW to help transform
transportation

Climate change and import dependence add great urgency —
Nobelist Pachauri, IPCC Head, says we have only 7 years (to
2015) to have world GHG emissions start to decline to avoid
temperature rises > 2C

Wind can provide a bridge to other clean generation technologies

Wind is one of a very few zero carbon, zero water use,
affordably priced generation sources that can and is being
deployed at scale using current technology



