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Evolution of U.S. Commercial Wind Technology
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Increased Turbine Size - R&D Advances - Manufacturing Improvements




People Want Renewable Energy!

Total Installed Wind Capacity

1. Germany: 21800 MW

2. United States: 16842 MW
3. Spain: 13915 MW

4. India: 7720 MW

5. China: 5000 MW
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World total Jan 2008: 90,521 MW
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U.S. Leads World in Annual Wind sy
Capacity Additions; Second in Cumulative Capacity

International Rankings of Wind Power Capacity

Cumulative Capacity
(end of 2007, MW)

Germany 21,800
United States 16,842
Spain 13,915
India 7,720
China 5,000
Denmark 3,132
France 2,624
Rest of World 19,488

Incremental Capacity
(2007, MW)

Total 90,521

Data source: Windpower Monthly Windicator, January 2008

United States 5,144
China 2,406
Spain 2,300

India 1,450
Germany 1,178
France 1,155
Portugal 494
Rest of World 5,248

Total 19,375




U.S Lagging Other Countries for
Wind As a Percentage of Electricity Consumption
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Installed Wind Capacities

(‘99 — Dec 07~

1999 Year End Wind Power Capacity (MW)
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Total: 16,740 MW
[As of 12/31/07)

e Tde Wind Power Capacity U.S. Deparimant of Energy
o g L] National Renewable Fnergy | aboratory
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63 1 120
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Drivers for Wind Power

Declining Wind Costs
Fuel Price Uncertainty

Federal and State
Policies

Economic Development
Public Support _
Green Power Crop of the
Energy Security =Lty
Carbon Risk
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Comparative Generation Costs

Operating Cost of Matural
(as Combustion Turbine
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Wind Cost of Energy
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\ \_ Low wind speed sites Natural Gas (fuel only)

New Coal

High wind __ > 2007: New Wind
speed sites 2006: New Wind
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Historic Steel Prices - Cold Rolled
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Drivers

Copper & Steel Price Source: World Bank, Commodity Price Data
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Steep Slide

The value of the dollar vs. the euro has fallen steadily since
its 2000 peak. Dollars are worth a little more than half as
many euros as they were five years ago.

€130 Lc-:t, 25, 2000: $1 =€1.21]

1.10
1.00
0a R Friz 51 = €067
070 Eu.r-:"ﬁr_[:lc-ll.ﬂr .

| ] I | ] |

1559 2000 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 o7
Source: Reubers wia W5J Market Data Group
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Daily price history of 1st-
NYMEX natural gas futures contract
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Coal Commodities by Region® Central Appalachia (CAP}
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CO, prices significantly
Increase the cost of coal

Levelized Cost of Electricity (2010) vs. CO2 Price
140
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Source: UCS/Black & Veatch




Major Market Distortion: External Costs

of Fossil Fuels not Reflected in Pricing
(The PTCs are a bargain)

External Costs of Power Stations [Euro-Cent / kWh]
19 Euro/t CO2, Nitrates = 0.5 PM10, YOLL, .. = 50.000 Euro
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Nationally, Wind Has Been Competitive Bt
with Wholesale Power Prices in Recent Years

Nationwide Wholesale Power Price Range (for a flat block of power)
| @ Cumulative Capacity-Weighted Average Wind Power Price

|
2003 2004

42 projects 54 projects 70 projects 85 projects
2,416 MW 3,216 MW 4,309 MW 5,678 MW

Source: FERC 2006 and 2004 “State of the Market” reports, Berkeley Lab database.




In 2006, Wind Projects Built Since 1997 Were s
Competitive with Wholesale Power Prices in Most Regions

‘| [ 2006 Average Wholesale Price Range By Region
-| == 2006 Min, Max, and Cap-Wgtd Avg Wind Price By Region

~ Wind project sample includes projects built from 1998-2006

Texas = Hearttand = Mountain = Northwest = GreatLakes = East California
3 projects 36 projects 11 projects 11 projects 3 projects 9 projects 12 projects
315 MW 2,070 MW 981 MW 897 Mw 135 MW 589 MW 691 MW
Source: FERC 2006 "State of the Market" report, Berkeley Lab database.




Renewables Portfolio Standards

MN: 25% by 2025 ME: 30% by 2000

(Xcel: 30% by 2020) VT: RE meets load 10% by 2017 - new RE
growth by 2012

WA: 15% by 2020 ¥ NH: 23.8% in 2025
WI: requirement varies by MA: 4% by 2009 +

Ut goal 1% annual |
OR: 25% by 2025 (arge utilities) MT: 15% by 201 | S
RI: 16% by 2020
CT: 23% by 2020

5% - 10% by 2025 (smaller utilities

* . P
3% *NV: 20% by 2015 i o 4 2% NY: 24% by 2013
()

¥ CO: 20% by 2020 (10Us) | : ¥ NJ: 22.5% by 2021
CA: 20% by 2010 *10% by 2020 (co-ops & large munis y It PA: 18%! by 2020

° - i _ ¥ MD: 9.5% in 2022
. ¥ NC: 12.5% by 2021 (10Us) :
It AZ: 15% by 2025 10% b 2018 (CO0DS & munis X *DE: 20% by 2019
I
£+ NM: 20% by 2020 (I0Us) 1t DC: 11% by 2022
10% by 2020 (c0-0ps) o
TX: 5,880 MW by 2015 |

HI: 20% by 2020

State RPS
B State Goal

e Solar water

¥ Minimum solar or customer-sited RE requirement heating eligible

* Increased credit for solar or customer-sited RE
'PA: 8% Tier | / 10% Tier Il (includes non-renewables)

DSIRE: www.dsireusa.org January 2008




Public Benefit Funds for Renewables

Cumulative 1998 — 2017 (Million $)

VT: $36
MA: $383
RI: $10
CT: $338
NJ: $279
DE: $11

DC: $10.5

15 State Funds + DC
$4 B by 2017

Funded by Voluntary Contributions

www.dsireusa.org
July 2007
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B Green Power Products Available
N Restructured Electricity Market
Il No Green Power Activity

e Indicates Number of Green Power Products Offered by

Source: National Renewable Energy Laboratory (October 2007) Utilities and Companies
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Economic Development Impacts

Land Lease Payments: 2-3% of gross
revenue $2500-4000/MW/year

Local property tax revenue: ranges widely -
$300K-1700K/yr per 100MW

100-200 jobs/100MW during construction
6-10 permanent O&M jobs per 100 MW

Local construction and service industry:
concrete, towers usually done locally




Windy Rural Areas Need
Economic Development

Wind Power Classifice

Wind Powar Wini
] Denni,hv atB0m at B
Wi mis

aWind speads are based on a Waibull k value o




Case Study: Texas

Utilities and wind companies
invested $1B in 2001 to build
912 MW of new wind power,
resulting in:
e 2,500 quality jobs with a
payroll of $75M

« $13.3M in tax revenues
for schools and counties

« $2.5M in 2002 royalty
income to landowners

* Another 2,900 indirect
jobs as a result of the
multiplier effect

« $4.6M increase in Pecos
County property tax
revenue in 2002




Case Study: Minnesota

107-MW Minnesota wind
project
« $500,000/yr in lease
payments to farmers
« $611,000 in property taxes
iIn 2000 = 13% of total
county taxes

« 31 long-term local jobs and
$909.,000 in income from
O&M (includes multiplier
effect)




Case Study: lowa

240-MW lowa wind
project
« $640,000/yr in lease

payments to farmers
($2,000/turbine/yr)

$2M/yr in property taxes
$5.5M/yr in O&M income
40 long-term O&M jobs

200 short-term
construction jobs

Doesn’t include multiplier
effect




Case Study: New Mexico

204-MW wind project built in 2003
in DeBaca and Quay counties for
PNM

150 construction jobs

12 permanent jobs and
$550,000/yr in salaries for
operation and maintenance

$550,000/year in lease payments
to landowners

$450,000/year in payments in
lieu of taxes to county and
school districts

Over $40M in economic benefits
for area over 25 years

Source: PNM, New Mexico Wind Energy Center Quick Facts, 2003.
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Case Study: Hyde County, South Dakota

40-MW wind project in South Dakota
creates $400,000 - $450,000/yr for
Hyde County, including:

« More than $100,000/yr in annual
lease payments to farmers
($3,000 - $4,000/turbine/yr)

$250,000/yr in property taxes
(25% of Highmore’s education
budget)

75 -100 construction jobs for 6
months

5 permanent O&M jobs
Sales taxes up more than 40%
Doesn’t include multiplier effect




162-MW Colorado Green Wind Farm
(108 turbines)

$200M+ investment

400 construction workers
14-20 full-time jobs
Land lease payments $3000-$6000 per

turbine

Prowers County 2002 assessed value
$94M; 2004 assessed value +33%
(+$32M)

Local district will receive 12 mil tax
reduction

Piggyback model

“Converting the wind into a much-needed commaodity while providing good jobs,
the Colorado Green Wind Farm is a boost to our local economy and tax base.”

John Stulp, county commissioner, Prowers County, Colorado




Colorado — Economic Impacts
from 1000 MW of new wind development

Direct Impacts Indirect &

Induced Impacts
Payments to Landowners:

« $2.7 Million/yr Construction Phase: \

. * 1,250 new jobs
| Pr rty Tax Revenue: J
O T EnS AP (RS * $130 M to local economie

Vi Mllllo_n/yr _ Operational Phase:
Construction Phase: :
* 200 local jobs

* 1,400 new jobs

« $189 M to IJocaI economies »$20 M/y.r to local
Operational Phase: economies

» 200 new long-term jobs

« $21 M/yr to local economies

All jobs rounded to the nearest 50 jobs; All values greater than $10 ConSt“{Ction Phase = 1-2 years
million are rounded to the nearest million Operational Phase = 20+ years




Local Ownership Models

Minnesota farmer cooperative
(Minwind)

FLIP structure

Farmer-owned small wind

Farmer-owned commercial-scale
&

© L. Kennedy
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Environmental Benefits

No SOx or NOx
No particulates
No mercury

No CO2
No water
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Total Freshwater Withdrawal, 1995/ Available Precip
percent. number of counties in parentheses

B =5 (43)
B 00t 5K  (26T)
Ito 13D (363)
Sto 30 (740)
1t0 5 (1078)
[ ] O 1 (614

Source: EPRI 2003
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Change in Annual Temperature
2035-2060

Source: NOAA




Change in Annual (PCPN-Potential Evapotranspiration)
2035-2060

Percent (%)

S— I I 1
-30 -26 -20 -168 -10 -6

Source: NOAA
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Policy Uncertainty
Siting and Permitting: avian,
noise, visual, federal land

Transmission: FERC rules,
access, new lines

Operational impacts:
intermittency, ancillary
services, allocation of costs

Accounting for non-monetary
value: green power, no fuel
price risk, reduced emissions




Transmission Growth




United States - Wind Resource Map

oD B

" Wind spesds aro basod on @ Wodbull k value of 2.0

. Sowrce: "Wind Enargy
Resource Atlas of the
United States”, 1987

U.5. Dapartment of Energy
National Renewable Energy Laboratory
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F0-MAR20001.1.5
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Load Growth

Load Centers and Projected
Paak Growth with Existing
Transmission Capacity, 1299
and 2010

1999 Peak Load

N 2010 Projected
Peak Load

Load (MW) Scale

Northern
California

Southern

Nevada

Green ines represent genemlzed
Trarsmission capacty.

Southern
Cafa source; Wasfern Gowymars” N .
ssoctatan 2007 California




Electricity Generation and Consumption in the West

E Total Consumption

l Coal-fired

0 Natural-gas fired

O Nuclear

B Hydroelectric

E Non-hydro Renewables
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Source: EIA, 2005 data



CDEAC 2015 High
Renewable Energy Scenario

State Total Renewable
Nameplate Capacity (MW)

Geath. Bio. CSP Wind PV Al
(MW (NI (M) (NP (MY (MY

S5G-W
Raferenca
(2004 1858 1,419 480 457 @9 4042

55w Raf.
Toll{20HEF 3235 2425 1,483 46,34 749 22472

CDEAL High
Incremanel: 4222 T30 LETF 26524 3,550 42842

CDEAT High
Takal: TAST 8,34 4,160 40,806 4098 65,784

U5 W1 Total Load (2015): 365 GW (Nameplats)

Proposad Transmission Additions
~—— Raforancs [COEAC and S5G-WI)
~ High Ranewahls
— High Renewabls and Fossil
e Higgh Frssil

Proposad Transmission
=77 Upgrades

Renewable Generation

B Gectherma g Wind
[T Biomass [ GalarFy
R solar csP

LS. Department of Ensrgy
Hational Renewable Enargy Labomtary

|

Ul ]

w WML
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Integrating Wind into Power Systems

Table 6. Key Results from Major Wind Integration Studies Completed 2003-2006

Wind Cost (§/MWh)
Date Study Capacity : Load Unit Gas
Penetration ~ Regulation Following Commitment  Supply

2003 Xcel-UWIG 3.5% 0 0.41 1.44 na
2003 We Energies 4% 2 0.09 0.69 na
2003 We Energies 29% 1.02 0.15 1.75 na
2004 Xcel-MNDOC 15% 0.23 na 4.37 na
2005 PacifiCorp 20% 0 1.6 5 na
2006 CA RPS (multi-year) 4% 0.45* trace na na
2006 Xcel-PSCo 10% 0.2 na
2006 Xcel-PSCo 15% 0.2 na
2006 MN-MISO 20% 31% na na

* 3-year average ** highest over 3-year evaluation period

Source: National Renewable Energy Laboratory.




“The future ain’t what it used to be.”

- Yogi Berra




A New Vision
For Wind Energy in the U.S.

~ ~ State of the Union Address

“...We will invest more in ...
revolutionary and...wind
technologies”

Advanced Energy Initiative

“Areas with good wind resources have the
potential to supply up to 20% of the
electricity consumption of the United States.”




20% Wind-Electricity Vision

Wind energy will provide 20% of U.S. electricity
needs by 2030, securing America’s leadership in
reliable, clean energy technology. As an
Inexhaustible and affordable domestic resource,
wind strengthens our energy security, Improves
the quality of the air we breathe, slows climate
change, and revitalizes rural communities.
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Wind Capacity
Total Installed (2030)
(Gw)
| |oo0-01

[ Jo1-1
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The black 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 white square
represents the actual land area that would be dedicated
to the wind turbines (2% of the black square).

Wind_Vision_06-19-2007 - DRAFT




Onshore Offshore
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2010 Costs w/ PTC, $1,600/MW-mile, w/o Integration costs



Onshore and Offshore Wind Generation Potential by NERC Region

2004 Energy Consumption
Il NERC Region Load: 169 - 987 TWh

Wind Potential Generation

Il Onshore, Class 3 and greater: 0 - 10,013 TWh Exclusions were applied to the onshore wind U.S. Department of Energy

to shallow areas (<30 m) within 50 nm of shore.

I Offshore, Class 4 and greater: 0 - 1,325 TWh
Offshore, Class 5 and greater: 0 - 803 TWh 02-JUN-2006




What does 20% Wind look like?

—&— Cumulative Capacity (left scale)

—— Annual Capacity (right scale)

Annual Installed Capacity (GW)
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Source: AWEA 20% Vision




2030 - Between PCA Transfers and In-PCA Use for Wind (All Classes)

Total Between PCA Transfer == 100 MW (all power classes, onshore and offshaore)
Arrws originate and terminate at the centroid of the PCA for visualization purposes: they do not represent physical ncations of transmission lines

7

Wind (MW) on
Transmission Lines
Existing Mew
> » 100 - 200
— — 200 - 500

——pe = 500 - 1000

é

Wind (MW) Used
Inside the PCA

_ 100-300
.| 300-500
I s00- 1000
B 1000 - 5000
- - 5o

Optimistic_Case_05-15-2007 - DRAFT




20% Wind Electricity by 2030 - Economic Impacts by NERC Region

NPCC

$37.7B
JC: 71,000
JO: 274100

MRO

$5418B
. 154,500
JO: 439,500

Economic Impacts

$17.0B

I Monetary Impact over 20 yrs (Billion $)

U.S. Total ) JC: 32,700

I Jobs (JC): FTE Years During Construction $4107 B <0: 185,400
Jobs (JO): FTE Y 20 ti JC: 1.007.200

- ( ) RS yrs Opera = JO 3 23? 400 u.s. Department of Energy

Wind Vision case = 304 GW of wind capacity. R ROR FenenDIs EReely e toreeaty

All job values rounded to the nearest 100.

Wind_Vision_06-19-2007 - DRAFT




Colorado — Economic Impacts

From the 20% Scenario
2,507 MW new development

Direct Impacts Indirect & -
Induced Impacts

Construction Phase: *

* 3,100 new jobs

« $325 M to local
economies

Operational Phase:

* 500 local jobs

+ $50 M/yr to local

economies

Payments to Landowners:

« $7 Million/yr

Local Property Tax Revenue:
« $30 Million/yr

Construction Phase:

* 3,500 new jobs

« $475 M to local economies
Operational Phase:

* 600 new long-term jobs

« $55 M/yr to local economies

All jobs rounded to the nearest hundred jobs; Millions of dollars greater Construction Phase = 1-2 years
than 10 million are rounded to the nearest five million Operational Phase = 20+ years




Total Cumulative Manufacturing Jobs Created by Scenario
that Meets 20% of U.S. Electricity Needs From Wind
(2007 - 2030)

Jobs Created
' 1300 - 1,000
11,000 - 5,000
' |5,000-10,000

I 10,000 - 20,000

- 20.000 - 30.000 Major component assumptions: 50% of blades are manufactured in
; . U.S. in 2004 increasing to 80% in 2030, 26% of towers are from the
- > 30,000 U.S. in 2004 increasing to 50% in 2030 and 20% of turbines are
made in the U.S. increasing to 42% by 2030. Wind_Vision_Jobs_06-19-2007 - DRAFT

Manufacturing location information from REPP Report by Sterzinger &
Svrcek (2004)
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Cumulative Water Savings Due to Deployment of Wind Energy (2008 - 2030)

Water Savings
Billions of Gallons

Wind_Vision_Water_06-19-2007 - DRAFT
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Fuel Savings From Wind

4 5E+10

0

- Electricity Sector
3.5E+10 A - y
. - \// a O Gas Fuel Savings

3.0E+10 - g

O Coal Fuel Savings

2.5E+10

B Gas Fuel Usage

2.0E+10 (20%wind)

B Coal Fuel Usage
(20%wind)

1.5E+10

1.0E+10

5.0E+09

0.0E+00

Reduction in National Gas Natural Gas Price Reduction | Present Value Benefits | Levelized Benefit of
Consumption in 2030 (%) in 2030 (2006$/MMBtu) (billion 2006%) Wind ($/MWh)

1% 06-1.1-15 86 - 150 - 214 16.6 - 29-41.6
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Cumulative Carbon Savings

0= = =
2000

Cumulative
Carbon Savings
(2007-2050, MMTCE)

4,182 MMTCE

2010

Present Value Benefits
(billion 2006%)

$50 - $145

2020 2025

Levelized Benefit of Wind
($/MWh-wind)

$ 9.7/MWh - $ 28.2/MWh




Electric Sector CO, Emissions

No-Wind Reference Case
20% Wind Vision
Path to 60% below today’s Levels by 2050
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Incremental Cost of 20% Wind
Vision

$3,000

$2,500

$2,000 B Wind Capital
H Transmission

$1,500 ¥ Fuel
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H Conventional O&M

$1,000 ¥ Conventional Capital

$500

$0
20% Wind No Wind

Present Value Average Incremental Average Incremental Impact on Average
Direct Costs Levelized Cost of Wind Levelized Rate Impact Household Customer
(billion 2006$)* (¥MWh-Wind)* ($¥MWh-Total)* ($/month)**

Vision

. $43 billion $8.6/MWh $0.6/MWh $0.5/month
Scenario

* 7% real discount rate is used, as per OMB guidance; the time period of analysis is 2007-2050, withWinDS
modeling used through 2030, and extrapolations used for 2030-2050.
** Assumes 11,000 kWh/year average consumption




Results:

Incremental direct cost to society

$43 billion

Reductions in emissions of greenhouse
gasses and other atmospheric pollutants

825 M tons (2030)
$98 billion

Reductions in water consumption

8% total electric
17% in 2030

Jobs created and other economic
benefits

140,000 direct
$450 billion total

Reductions in natural gas use and price
pressure

11%
$150 billion

Net Benefits: $205B + Water savings




“With public sentiment nothing can faill;
without it, nothing can succeed.”

- A. Lincoln




Conclusions

20% wind energy penetration is possible

20% penetration is not going to happen under business
as usual scenario

Policy choices will have a large impact on assessing the
timing and rate of achieving a 20% goal

Key Issues: market transformation, transmission, project
diversity, technology development, policy, public
acceptance

20% Vision report: February 2008

Source: AWEA 20% Vision




Humanity’'s Top Ten
Problems for next 50 years

Energy

Water

Food
Environment
Poverty
Terrorism & War
Disease

Education

1.
2.
3.
4.
S.
6.
/.
8.
9.

Democracy 2003: 6.3 Billion people

10. Population 2050: 9-10 Billion people

Source: Nobel laureate, Richard Smalley
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