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Evolution of U.S. Commercial Wind Technology
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Capacity’ & Cost lirends

Cost of Energy and Cumulative Domestic Capacity
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Increased Turbine Size - R&D Advances - Manufacturing Improvements



Total Installed Wind Capacity

1. Germany: 18100 MW

2. Spain: 9825 MW

3. United States: 9149 MW
4. India: 4225 MW

5. Denmark: 3129 MW

World total 2005: 57005 MW
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Source: WindPower Monthly




United States - 2005 Year End Wind Power Capacity (MW)
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Prvers e Wind Power

Declining Wind Costs
Fuel Price Uncertainty

Federal and State
Policies

Economic Development
Green Power
Energy Security
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Wind Coesti el EReray
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Petermining Faciors

Wind Resource
Financing and Ownership Structure
Taxes and Policy Incentives

Plant Size: equipment, installation and
O&M economies of scale

Turbine size, model, and tower height
Green field or site expansion

What is included: land, transmission,
ancillary services
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COST OF ENERGY (cents/kWh)

Independent Power Producer

Co-op Financing Financing

8.0
7.0
6.0
5.0
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3.0

I

2 MW 10 MW 50 MW 50 MW

Installed Wind Turbine Capacity

I Without Federal incentives (current $) [l With Federal incentives (current $)
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natural gas

futures strip
from 07/21/2006

nearby

NYMEX natural gas futures contract
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Coal Commodities by Region'

Central Appalachia:  Big SandyfKanawha 12,500 By, 1.2
Morthern Appalachia: 502/ mmEtu

Ninzizs Basin: 1,200 By, 5.0 1k SO02/mmEwu
Fowder River Basin: 8800 Bty 0.8 |b S02mmEtu
Uinta Bazinin Colo.: 11,700 Bry, 0.8 b S02/mmEBru
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Uinta Basin (UIB)

Powder River Basin (PRB)
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4 BNREL People wantirenewable eneray
(IRenewablesyRPortieliorSiandards)

I MN: 1,125 MW wind by 2010 ME: 30% by 2000

1 NY: 25% by 2013
_ MA: 4% by 2009 +
W 15% by 2015 o

CT: 10% by 2010
*NJ : 6.5% by 2008

*PA: 18%' by 2020
| *DE: 10% by 2019 |

CA: 20% by 2010
*NV: 15% by 2013 '

A
*DE: 10% by 2019

1
WI: 2.2% by 2011 %‘
. % RI: 15% by 2020
'd *MD: 7.5% by 2019

*AZ: 1.1% by 2007

*NM: 10% by
2011

*DC: 11% by 2022

TX: 5,880 MW by 2015

HI: 20% by 2020 . State RPS

*Minimum requirement and/or increased credit for solar ﬁ Goal
1 PA: 8% Tier I, 10% Tier II (includes non-renewable sources)

DSIRE: www.dsireusa.org March 2006



Green flagiliransaction

Power Pool
{ Transmission

reen Attributes

Green Tag
o Broker

Energy Bill

Customer = “*
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EConRemIC Developmentimpacts

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

Local property tax revenue: 100
MW generates $500K-$1
million/yr

100-200 jobs/100 MW during
construction

2-6 permanent O&M jobs per 50-
100 MW

Local industry: concrete, towers,
electrical services

Manufacturing and Assembly
plants expanding in U.S. (e.g. IL,
CA, ND, PA)
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NREL
Comparative Economic Development Impacts

Colorado

Assumptions: - Taxes
Coal [Powder River Basin)

514/MWh - Landowner Revenue
$1450/kW construction B Fuel

Gas (40% from CO) ] oam

535/MWh )

Wind

540/MWh

$1200/kW construction
Property tax = 1.2% of installed

Dollars (millions)




“Wind is a homegrown energy that we can harvest right along side our corn or
soybeans or other crops. We can use the energy in our local communities or
we can export it to other markets. We need to look carefully at wind energy
as a source of economic growth for our region”

David Benson, Farmer and County Commissioner, Nobles County, Minnesota
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ISENational issue

Total Freshwater Withdrawal, 1995/ Available Precip
percent, manber of counties in parentheses

B >=500 (49}
B 000500 (267}
[ 30to100 (363}
"] 5to 30 (740}
I 1to 5 (1078}
B otc 1 (614

SustainapleWithdrawal @ Ereshwater:

Source: EPRI 2003




C;oling Water Withdrawal and Consumption, by fuel and technology in gal/kWh="-

Gallons per kWh
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Muclear
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{cooling & process)
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{cooling)

Range

Wiyhire, R. 2002 Water &
Sustainability {Volume 3): .5,
Water Cansum ption for Power
Praduction — The Next Half
Century, EPRI, Palo A, CA:
1006786,

ElA, 2002 and 2000, Farm 747
Steam-Electric Plant Operation
and Desian Report.5cheduke V.
Coaling System Infarmation.
Section & Annual dpertions.
Afonsa, Rui. Dry- vs. Wet-Cooling
Techinolagies, prapared for the
Clean Air Task Farce by Energy
and Envionmental Strateqgies,
Octaber, 2001
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Themoelectrc Power Plants
—\WaterUsage

In 2002, nationwide:

« Withdrawals of water at all
thermoelectric power plants =
225 billion gallons/day

« =252 million acre-feet
« ~ 3%, size of Lake Erie

Source: Western Resource Advocates
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Policy Uncertainty

Siting and Permitting: avian,
noise, visual, federal land
Transmission: FERC rules,

access, RTO formation, new
lines

» Operational impacts:
intermittency, ancillary
services, allocation of costs

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



2000 FOPLULATION DISTRIBLITHNY M THE UNITED STATES
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Cead Growinh

Load Centars and Projected
Paak Grewth with Existing
Transmission Capacity, 1939
and 2010

1999 Peak Load

\ 2010 Projected
Peak Losd

Load (MW Scals

-
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MNarthern
Califernia

Southern
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_ B Balanced Plan:
Net Capacity Additions by 2020 e 15400 MW

BAU vs. Balanced Energy Plan renewables

« 3000 MW CHP
« 7800 MW natural

gas

 Retires 5000 MW
of coal

BAU

« 16,000 MW natural
gas

« 10,000 MW coal

« 1500 MW

Balanced Energy Plan renewables

[ Renewables C 1 50 MVV C H P

Source: Western Resource Advocates



Western Governor's
Association Area

Combined Data
50 m Wind Resource Data

The wind resourcs information
shown for Kansas and most of
Texas is from the 1987 “Wind
Energy Resource Atlas of tha
United States®. Wind resource
is shown for every 1/3 degres of
longitude by 1/4 degree of
latitude. As little as 5% of tha
area shown in each area may
b wll-pxposed to the power
class displayed.

T rermnaining wind resouns
assassmants ware conductad
on a state-by-gtate bhasis from
1889 fo 2004, Cwer that imae.
the methodology and resolution
of the data varied due to changes
in the assessment process. Also,
bz firvl reegolution of these
assassments may prevent many
o0 resourcs areas from
appearing when viewsad at this
scale.

U5, Department of Energy
Mational Renssabls Energy Laboratory




20% Wind Energy Scenario

Wind Capacity
(GW)
0.0-0.1
01-05
05-1.0

B 1.0-1.5 <. 5 '

B 15-20 R

B 20-5.0 WinDS scenario; 20% of tolal energy generation; U.S. Department of Energy

B s0- 100 onshore and offshore, 2020 National Renewabile Enefmr Laboratory

B 00- 142 £ SopRzL

¥ Ol-JUN-2006




Onshore and Offshore Wind Generation Potential by NERC Region

2004 Energy Consumption
I MERC Region Load: 169 - 987 TWh

Wind Potential Generation

- Cnshore, Class 3 and greater 0 - 10,013 TwWh Exclusions were applied to the onshore wind U.S. Department of Energy
I Onshore, Class 4 and greater; 0 - 4,380 TWh resource areas. Offshore resource was limiled National Renewable Energy Laboralory

1o shallow areas (<30 m) within 50 nm of shore.
B Cfishore, Class 4 and greater: 0 - 1,325 TWh
Offshore, Class 5 and greater; 0 - 803 TWh

EE-JUN-2008




20% by 2020 Scenario - Economic Impacts by NERC Region

NPCC

$3388
JC: 87,000

Economic Impacts

=3 08
P Monetary Impact over 20 yrs (Billion 5) U.S. Total i
B Jobs (JC): FTE Years During Construction 525868 10-0
B Jobs (JO): FTE Years over 20 yrs Operation JC: 757,000
JO: 2,087 000 .S, Department of Enengy

Mational Renewable Energy Laboratory
WinDS 20% scenano = 285 GW of wind generation.
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WinalERergy Economic SecUNy BEREIits

Wind energy is an indigenous, homegrown,
energy resource that contributes to national
security.

Wind energy is inexhaustible and infinitely
renewable.

Wind displaces electricity that would otherwise
be produced by burning natural gas, thus
helping to reduce gas demand and limit
gas price hikes. r %‘ +

Wind energy is the least cost new energy
source.

Wind energy boosts rural economic 5
development. !

Unlike most other electricity generation
sources, wind turbines don’t consume
water.

Wind energy has many environmental
benefits.

Wind energy can be used in a variety of
applications.

Wind energy is the fuel of today and
tomorrow.



Wind Energy: Beneiits (

conomic development
(revenue, increased local
tax base, jobs)

ndigenous resource

nvironmental benefits
(emission free, water-
free generation)

nexhaustible supply
n the Rez ~ : > I.f
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1.
2. WATER

3. FOOD

4. ENVIRONMENT

5.

6. TERRORISM & WAR
/. DISEASE

8. EDUCATION

9.
1

HUMANITY’S TOP TEN PROBLEMS - ="5au-
FOR THE NEXT 50 YEARS

ENERGY

POVERTY

DEMOCRACY

2004 6.3 Billion People
0.POPULATION 2050 9-10 Billion People
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