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US Agaln #1 Wlnd Generator

Wind Generation in TWH

Germany has more MW, but US has higher capacity factors
and produces more MWH
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Source: Berkeley Lab estimates based on data from BTM Consult and elsewhere



New Capacity in 2007 by Energy Source
for the U.S. (and Texas)

In 2007, 64% of new MW in Texas were

wind
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http://www.awea.org/projects/

State RPS Policies Exist in 25 States and
D.C.; Four States Have Non-Binding Goals

s
WA: 15% by 2029 ND: 10% by 2015 | : 22% by 2025 | R/T-oad growth by 2012 |~ {{ME: 40% by 2017
MT: 15% by 2015 | = up to cap of 10% 1 gINH: 23.8% by 2025 |
o S NY: 24% by 2013 SNIMA: 4% by 2009 |
. mETrn TN ' iy
|A: 105 MW by 1999 NJ: 22.5% by 2021 CT: 23% by 2020
— DE: 20% by 2019 |

NV: 20% by 2015

MD: 9.5% by 2022

IL: 25% by 2025 DC: 11% by 2022
CO: 20% by 2020 (I0Us) 13 2t VA 12% by 2022

CA: 20% by 2010 10% by 2020 {co-ops and mUI‘IiS}_I MO 112 !; 2020
N o Oy

L]

NC: 12.5% by 2021 (I0Us)
10% by 2018 (co-ops and munis)

: NM: 20% by 2020 (I0Us)
AZ: 15% by 2025 10% by 2020 (co-ops)
e HI: 20% by 2020 .
.‘-,-.4 | TX: 5,880 MW by 2015 I Mandatory RPS

»

Mon-Binding Goal

Most policies established through state legislation, but some through
regulatory action (NY, AZ) or voter-approved initiatives (CO, WA) ..
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Renewable Energy Development

Cumulative and Annual Non-Hydro Renewable Energy
Capacity in RPS and Non-RPS States

Cumulative Capacity Annual Capacity Additions
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Though not an ideal metric for RPS-impact, over 50% of non-hydro
renewable additions (8,900 MW) since the late 1990s have come
from RPS states; metric increases to 76% in 2007 alone >
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Environmental Energy Technologies Division +« Energy Analysis Department T 1




Near-term Challenges to Wind IPP Growth by US Region

Upper Midwest:
Lty interest in wind

Pacific Northwest:
Uility ownership gaining

momenium; transmission ownership dominating

limitations fram MT, 1D, WY off-take opportunites;
to load in coastal states fransmission constraints
fram Dakotas. western

West:
Large-scale wind
budld-out awaiting CA
utility transmission
due fully an-line
by 2013-2014

Southwest
[outside of TX):
Further wind build-out
dependent on inter-state
grid build-out (High Plains
Express, Eastern Plains,
Fansas X-Plan)

Texas:
CREZ tramsmissian

expansions dus on-line
by 2011 at the sariest

Srnrre” Fimaroinn Fnearmy Recsasarch

Mid-Atlantic:
Competitive wholesale
power market; limited ulility
ownership activity, permitting
and siting challenges in
several states



Percentage of State Electricity from Wind
No, Dad — We’re not there yet!
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Siate generation as reporied by
the Energy Information Agency

Wind gensration estimated by
AWEA, using capacily totals as
aof end 2007

American Wind Energy Association = Annual Rankings Report




In 2006, President Bush emphasized
the nation’s need for greater energy
efficiency and a more diversified
enerqgy portfolio.

This led to a collaborative effort of
government and industry to explore a
modeled energy scenario in which wind |
provides 20% of U.S. electricity
by 2030.
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Key Issues Examined

» Does the nation have sufficient wind energy resources?
» What are the wind technology requirements?

» Does sufficient manufacturing capability exist?

» What are some of the key impacts?

» Can the electric network accommodate 20% wind?

» What are the environmental impacts?

» |Is the scenario feasible?

10 AnEDF EN Lo



Wind Resource Supply Curves
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Wind Resource Potential in the U.S.

The technical wind resource

D Offsh .
i s eepDIShO®  notential far exceeds the
B Ciass T Il Class T o
B ciesss B e total electricity demand of
— . Shallow Offshore the U.S.
Clags 3 Class 3
L and-Based Onshore technical wind

The United States has ample wind resources,
including more than 8,000 GW land-based—
the most affordable type to harness.

resource exceeds 8,000
GW (8,000,000 MW),
accounting for standard
land exclusions.

I Costs not including PTC,

2,000

4,000

6.000 8.000 10.000 Transmission and Integration

Quantity Available, GW costs



Wind Capacity
Total Installed (2030)
(GwW)

0.0-0.1
[0.1-1
1 -5
;-0
- >10

1
" Includes offshore wind,

The black open square in the center of a state represents
the land area needed for a single wind farm to produce the
projected installed capacity in that state. The brown square
represents the actual land area that would be dedicated

to the wind turbines (2% of the black open square).

Installed Wind
Nameplate Capacity
by State (2030)

Wind capacity would be
installed across 46 states
in the 20% wind scenario.

20% Wind 08-18-
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Landuse
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New onshore installations would require approximately 12.3 million acres
(19,300 square miles) of land.

Yet, the actual footprint of land-based turbines and related infra-
structure would require only 2-5% of land covered, or about 618,000
acres (960 square miles) of dedicated land—slightly less than the area
of Rhode Island.

According to the Brazilian government, during the last 5 months of 2007,
an area of the Amazon rain forest the size of Rhode Island was
deforested.



Electricity Generation Mix
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The 20% Wind Scenario

would decrease

generation from natural

@ Natural Gas gas by 50% and
= Coal generation from

coal by 18%.
B Nuclear

W Hydro
O Wind

No New Wind

20% Wind


Presenter
Presentation Notes
The economic costs of the 20% wind scenario primarily reflect the incremental capital costs of

wind relative to other generation sources, as well as an incremental transmission investment to

support higher levels of wind (on top of the significant transmission investment that will be

needed to support continuing load growth, whatever the mix of new generation). Given the cost

and performance assumptions of wind and conventional energy sources, the no-wind scenario

will cost over $2 trillion in net present value terms by 2030; the 20% wind scenario would

require an initial investment of only 2% more ($43 billion in net present value). The additional

cost of the 20% Wind Vision would increase the total cost of electricity in 2030 by less than six

one-hundredths of one cent per kWh, or about 50¢ per month for the average residential

customer. Nationwide, although initial capital costs will be higher (by $197 billion NPV through

2030) for the 20% wind scenario, those costs will be offset by $155 billion in lower fuel

expenditures.

These cost figures do not reflect the non-electricity-related benefits of the 20% Wind Vision,

including the significant economic and jobs impacts, lower water use, significant air and carbon

emissions reductions, and increased energy security. They also omit the value of significant

electricity-related benefits, including the lower congestion and higher reliability that would

accompany major wind-driven expansion of the nation’s transmission grid.




Arzons 008 e E xisting 765 kV
s N e 765 KV
P AC-DC-AC Link

Hinots (2001)
Indiana {2004)

Maire (2001}

Marylard (2002
Massachusatts (2001)
Michigan {2004)
Misgour (2005)
Mantana {2002)
Mabraska (2005)
Mevada (2003)

MNew Jersay (2002)
Mew Hamgpshire (2001)
M Masdeo (2003)
Morth Carolina (2002)
Morth Dakota (2000)

Ohlo (2004)
Cragon (2002)
Pannsyhvania (2002}
Rhoda Island (2001)
South Dakota (2001)
Texas mesas (2000)
Litah (200:3)
Vermont (2001)
Virginia (2002)
Washington (2002)
West Virginia (2002) Transmission Lines
Wyurrm_g {2002} Voltage (kV)
& Y ./ 345-499
*‘ The remaining states use data from the 1987 A 1000 DTy
’ “Wind Enargy Atlas of the United States®. \' Source: POWERmag,
| powermap platis.com,
©2007 Pigits. n division
of the MoGrare-Hil
LT
Wind Power Classification
Wind  Resource Wind Power Wind Speed ®  Wind Speed *
Power Polental Density at 50 m at 50 m atS0m
Class Wim? mis mph
2 Marginal 200- 300 56 6.4 125-143
3 Fair 300 - 400 G4=- 70 143157 U.5. Department of Energy
14 Good 400~ 500 70- 7.5 157 - 168 Mational Renewable Energy Laboratory
5  Excellent 500 - GO0 75- 8.0 168-178
6 Outstanding  600- BOD 8.0- 8.8 178-197
7  Superb 800 - 1600 8.8-11.1 197 - 248
B
Wind b Wil b value of 2.0
ot o s 1RAPRL00T 155




Estimated Electric System Costs

$3,000,000 Cumulative Discounted Electric
System Cost through 2030
$2,500,000 : (Millions of 2006 Dollars)
$2,000,000 |
Approximately a 2%
$1,500,000 increase in cost, or
$43 billion in net present

$1,000,000 value.

$500,000 Equivalent of 50 cents

o per month per

household, not

accounting for positive,

L'Wind O&M Costs O Fuel Costs : :
M Wind Capital Costs ® Conv. O&M Costs Offsettmg Impacts.
B Transmission Costs M Conventional Capital Costs

20% Costs No New Wind

16 #nEDF EN Corrgury



20% Wind Scenario: Projected Impacts

Environment: Avoids air pollution, reduces GHG
enussions, and reduces water use i electricity
generation. Reduces electric sector CO, emussions by 825
million metric tons.

U.S. energy security: Diversifies our electricity portfolio
and represents an mdigenous energy source with stable
prices not subject to fuel volatility

Energy consumers: Wind potentially reduces demand
for fossil fuels, in tum reducing fuel prices and
stabilizing electricity rates

Local economics: Creates new mcome source for miral
landowners and tax revenues for local communities
wind development areas.

American workers: Generates well-paying jobs mn
sectors that support wind development. such as
manufactuning, engineering, construction, transportation,
and financial services. The new manufacturing will cause
significant growth in the wind industry supply chain.

Water savings: Reduce cumulative water use m the
electric sector by 8% (4 trillion gallons)

17
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Projected Impacts and Major
Challenges

20% Wind Scenario: Major Challenges

Investment 1 the nation’s transmmssion system so the
power generated 1s delivered to urban centers that need the
increased supply:

Larger electric load balancing areas. in tandem with better
regional planning. so that regions can depend on a
diversity of generation sources, including wind power;

Continued reduction i wind capatal cost and improvement
in turbine performance through technology advancement
and improved manufacturing capabilities; and

Addressing potential concemns about local siting. wildlife,
and environmental issues within the context of generating
electricity.
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Emission Reductions through 2030
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Water Conservation
Cumulatively between 2007 and 2030, 20% wind reduces water consumption
in the electric sector by 8%, or 4 trillion gallons.

19

Billion Gallons Saved

In 2030, reduces water consumption by 450 billion gallons or 17% of total
electric section water consumption, a third of water conservation occurs in the

arid west.
igg Annual National Water Conservation under 20% Wind Scenario
400
350 Cumulatively, the 20%
300 wind scenario would
250 avoid the consumption
200 of 4 trillion gallons of

150
100
50
0

water through 2030.

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



Possible Distribution of
Wind Equipment
Manufacturing Jobs

Of the 180,000 jobs
directly employed by the
wind industry, there are
over 40,000 direct
manufacturing jobs

in 2030. aailta 1 cumulsive paracn-

yesrs of full tme equivalent
ampdoyment in mandaciuning
{2007-2030) totaling 536,300.

Cumulatively, there is ———
employment of 536,300 300- 1,000
H H 1,000 - 5,000 :
FTE n d | reCt 5000 - 10,000 hanutacluring location information from REPP Repor by Sterzinger & Svroek (2004) L.
manufacturing between =;ﬁ$§ii§ﬂﬂz e b e L
2007 and 2030. I - 50000 b kit deite
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Presenter
Presentation Notes
The 20% wind scenario would stimulate significant domestic job development for wind machine

manufacturing, installation and operations, along with many indirect jobs and extensive

economic growth. After a decade of growth, between 2020 and 2030 the U.S. wind industry

would support about 500,000 jobs, with over 150,000 workers directly employed by the wind

industry -- over 30,000 of the direct jobs would be in the manufacturing sector, and over 70,000

would be in the construction sector. And by 2030, more than 75,000 positions would be needed

to support the operations, maintenance and management of the installed wind fleet over the life

of the turbines. In addition, the 20% Wind Vision would generate over 100,000 jobs outside the

wind industry (e.g., accountants, lawyers, steel workers, and electrical manufacturing) and

induce over 200,000 additional new jobs through economic expansion due to higher local

spending.



Since both wind development and wind turbine manufacturing are worldwide endeavors, both

domestic and global manufacturing capacity will have to expand to support the 20% Wind

Vision. In 2006, over 70% of the wind turbines and components installed in the U.S. were

imported (primarily from Europe). To produce enough turbines, components and

subcomponents to meet the 20% wind scenario using domestically-produced parts for 80% of the

total required, the industry would require over 30,000 direct manufacturing jobs spread across

the nation. Most of these jobs would likely be created in states that have active (or recent

reductions in) manufacturing capacity, with the labor force and infrastructure to ramp up

production. The growth of a strong wind equipment industry in the U.S. will increase the

opportunity for exports into the global wind marketplace.




Employment Impacts

Industry Employment from direct, indirect, and induced categories
600,000

M Total Induced cumulative
H Total Indirect cumulative

=00.000 £ Direct Operations
M Direct Construction
400.000 [ Direct Manufacturing
Over 500,000 jobs

300,000 supported by the

industry in 2030.
200,000

~

Approx. 180,000

lllllllllllll ooy

J industry

100,000

_Ml!!.

2007 2009 2011 2013 2015 2017 2021 2023 2025 2027 2029
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Presenter
Presentation Notes
The 20% wind scenario would stimulate significant domestic job development for wind machine

manufacturing, installation and operations, along with many indirect jobs and extensive

economic growth. After a decade of growth, between 2020 and 2030 the U.S. wind industry

would support about 500,000 jobs, with over 150,000 workers directly employed by the wind

industry -- over 30,000 of the direct jobs would be in the manufacturing sector, and over 70,000

would be in the construction sector. And by 2030, more than 75,000 positions would be needed

to support the operations, maintenance and management of the installed wind fleet over the life

of the turbines. In addition, the 20% Wind Vision would generate over 100,000 jobs outside the

wind industry (e.g., accountants, lawyers, steel workers, and electrical manufacturing) and

induce over 200,000 additional new jobs through economic expansion due to higher local

spending.



Since both wind development and wind turbine manufacturing are worldwide endeavors, both

domestic and global manufacturing capacity will have to expand to support the 20% Wind

Vision. In 2006, over 70% of the wind turbines and components installed in the U.S. were

imported (primarily from Europe). To produce enough turbines, components and

subcomponents to meet the 20% wind scenario using domestically-produced parts for 80% of the

total required, the industry would require over 30,000 direct manufacturing jobs spread across

the nation. Most of these jobs would likely be created in states that have active (or recent

reductions in) manufacturing capacity, with the labor force and infrastructure to ramp up

production. The growth of a strong wind equipment industry in the U.S. will increase the

opportunity for exports into the global wind marketplace.




20% Vision:
Growth Path For Wind

350 18
= 300 m
5 =
2 250 “e
{% Actuals for 2
= 200 | 2006, 2007 10 i%
= V
= 8 B
= 150 After ramping up %
© manufacturing capacity, 6 ‘-—."Cn
£ 100 the 20% scenario calls -
= for over 16 GW to be 4 ©
£ 5 l installed annually. =
O 2 <
0 & O .0 rf) {ﬁo 0
SR
&S S S S S & &

B Cumulative GW Installed (Left Axis) B Annua! GW Installed (Htght Axis)
Preliminary: from forthcoming report



Our species has already shown it can deploy wind at the 20% rate if it wants to.

23

Global annual installed capacity 1995-2006

2005

20,073 MW in 2007

1,290

1,280

1,530

2,520

3,440

3,760

6,500

7,270

8,133

8,207

11,531

15,197 20,073

enyco

AnEDF EN Compary



24

- D - ) .
I I R R T R N R T R R R R R e R R [ XXX EEE]
o e B o e R m o BB R e

BTM Consult March 2008 World Market Update

Mw

( 100,000 >

CAnnua)Global Wind Power Development
Actual 1990-2007 Forecast 2008-2012 Prediction 2013-2017
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Presenter
Presentation Notes
Figure 5-4: Actual 1990-2007 - Forecast 2008-2012 - Prediction 2013-2017 
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BTM Consult March 2008 World Market Update

C Cumulativ@lobal Wind Power Development
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Presenter
Presentation Notes
Figure 5-6: Cumulative wind power development up to 2017


20% Wind Flattens Electric

26

Industry CO, Emissions

CO, Emissions in the Electric Sector

(million metric tons)
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2,000

-
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But we are going to heed much
more than that from
somewhere to achieve clima
change goals

No-Wind Reference Case
20% Wind Vision
- Path to 60% below today's Levels by 2050

2006

2010 2014 2018 2022 2026 2030 e"xco
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Preliminary: from forthcoming report



~Area to Power 100% of U.S. Onroad Vehicles

S —

. ) =1 Wind turbines,
Why stop at 20%? ground footprint

Help the electric 9 (00 ich)
industry recapture |
the transportation 88 .

market they lost in £ &
1900 ) 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

Mask Z. Jacokson, Wind Versus Bicfusls for Addressing Clmate, Health, ard Sreeyy, Atmosphere/Enargy Program, Dept. of Civil & Erwitonmendal Enginesrirg, Stanford University, March 3
2007 hitpiwrenw stanford . edu’qroupiefmhfacobsonEE 5 WindSal




What the report does well

« B&V Supply Curve an important result
« Long term overview of technology trends

« Useful job and economic development numbers
» Though already see need for “net jobs” analysis to fully answer critics
« Good treatment of transmission and grid issues

« Manufacturing analysis offers hope on turbine supply side

« Recognizes importance of siting issues and implies some paths for
addressing them (enXco a founding member of the American Wind
Wildlife Institute — “AWWI”)

« Big step forward in analysis of overall costs and benefits of wind

« Exercised models and methods (WinDS, JEDI) for future use

enx__go
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What the 20% report is not

« It is not a guide to prospecting or a real lead generator

» Mesoscale wind maps “impressionistic” and no substitute for developer
prospecting and met program

* Though surprising potential in some states could deserve some attention
* Ignores some important economics

* Price elasticity of demand for wind power. At what point do we price
ourselves out of the market?

« Avoided head to head technology comparison

* Trends in relative pricing

» European Commission’s ExternE analyses of externalities addresses key
issues “off limits” in our own government

« National Academy of Sciences taking up the externalities
» Ignored the transportation sector market potential
» But this is not a near term issue for a developer

29 4 EDF EN



What the 20% report is not (2)

« Was intentionally not a policy analysis — yet lack of policy is
the problem

» But provided insights useful in policy in siting, transmission, other
areas

* Is just one building block in the “portfolio of the future”

» Wind, Solar, Efficiency, Smart Grid, Electric, biofuels and gas
vehicles

* Does not drive home the point that wind is a “wedge”
available now, not in 10 years or after some technical
breakthrough

enx__go
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Conclusions

31

A landmark work, whatever its limitations
Unprecedented wind industry/government cooperative effort
A good foundation to build on — keep developing the tools

A timely confirmation that wind can make a huge contribution
to energy needs, climate change and sustainable economic
development

A call to action that speaks for itself, even if diplomatically
silent on controversial issues (national RES, externalities of
conventional alternatives, opportunities for an industrial

policy left to states to pursue)
en¥)co
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1 Map Wind
Srte Visni (Eny Screen 1)
Land Agreements

Wind Data Collection

Env Screen 2

Power Contract
Negotiations

Turhine Procurement

L—1

Construction

Source: enXco, Inc., based on FPLE 2006



Uncertainty and Political Stalemate is the Worst Policy of All

Historic Impact of PTC Expiration on
Annual Installation of Wind Capacity

6,000 | | | | |
. : ; 113%
B Expired Production Tax Credit (PTC)
5,000 = il ?7?
d M Production Tax Credit (PTC)
4,000
3,000 73% 77%

Drop

Drop
93%
2000 " uu_. q q
1,000 1 ‘ '

H_Hml -

1999 2000 2001 2002 2003 2004 2005 2006 2007

-.1¥co
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Annual Capacity Installed (Megawatts, MW)
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