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i  Hybrid Systems

Intermediate

 Distributed Power
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Large (660 kW - 2+MW)
= ° Central Station Wind Farms

 Distributed Power
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#om=  THE EVOLUTION OF COMMERICAL

U.S. WIND TECHNOLOGY

1990's

120 - - Structurally stiff
. - 3 bladed - upwind yaw driven
1980's - Variable speed and constant speed
- Special airfoils - NREL R
- i - Stall regulated and pitch controlled #
100 = - §*{,‘,‘$‘;‘}ﬂ{,§f{m o — - Planetary transmission 1.5 MW f’ 5 MW
- Constant speed and 2 speed - Induction generator 77m diameer -
- Stall regulated/tip brakes or - Large size to reduce COE 7 3.6 MW
full-span pitch controlled A
- Fiberglass blades o
80 - - Geared transmission - 25 MW

- Induction generator
- Steel truss or tube tower

300kW - 750kW

30m - 50m diameber

60 -
750kW

Future Innovation

- Scale to larger size
500kW - Advanced blade materials
and manufacturing

- Low speed direct drive generators

- Custom power electronics
(high efficiency)

- Feedback control of drive train
and rotor loads

- More flexible structurally

50kW - D&M reduction features

4 50 kW - 300kW
15m - 30m diameter

;.Y
]
|

Rotor Diameter in meters
]
(=]
I

(0 e e

1980 1890 2000 2010



Czlozelefiy & Cosi Trapels

Cost of Energy and Cumulative Domestic Capacity

Capacity (MW)
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Increased Turbine Size - R&D Advances - Manufacturing Improvements



United States - 2005 Installed Wind Power Capacity (MW
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Total: 7,344 MW
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2000 POPULATION DISTRIBUTION IN THE LUNITED STATES

Uniled Slales - Wind Resaurce Map
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Wind Power CGlasalfication

Wind Resourca
Power Potertial
Class

Marginal
Fair
Qoead
Excellent

~IhndeLang

Suparb

Wind Powar
Dansity at 50 m
Wi

M0 - 300
- a00
4400 - 500
B0 - 600

cstanding GO0 - 800

=800

Wird Spasd® Wind Spead®

atsdm at &0 m
s mph

EB- 3.4 125-14.2
G- 70 14.3-157
F0- 7.6 16.7-16.8
7.6- B0 168-17.0
B.0- B& 17.9-14.7

=E8 =187

"wind speeds are approximate and based on a Weibull k value of 2.0
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Montana
Wind Power Resource Estimates

Tha winrijpower resource estiniatos warg produced
TrueWind Salutions using their Mesomeag system an
histarical weather data. This map has bean validated with
available surface data by tha National Rangwabls Energy
Laboratzry and wind energy metsaralogical consultants,

L.2. Deparmeant of Enargy
Natioral Rangwabka Enargy Laboralory
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150 200 Khkometers
. | ] 120 Mgz
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Wind Power*

1100

{MW)

-« 0-50 Montana
& B0-200

@ 200- 1,000 Wind Power Resource Estimates

L5, Department of Energy
@ 100010000

Metonal Renewalle Enangy Labonatary
. The wind power reaource eslimates were produced by

* Installed power estimated for areas of g Solitions uzing thelr Me=omap system and

. 10.000 clansg ==d annual avy. wird resaurcs,

: 2

X
histarical veesther data. This map hes been velidated with
assuming 5 Miv/sq. km. of Ingtalled

& bNR=!
available surface data by the Matinnal Renswable Frengy '&iﬁ' e
capacity. Labirabany ard wind ameray rmislsoraloyizal gorsullanls.
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Rifvers for Wislel Peoyver

Declining Wind Costs
Fuel Price Uncertainty
Federal and State Policies
Economic Development
Green Power

Energy Security

Crop of the
21ST Century
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“— Low wind speed sites

Bulk Power Competitive

High wind ""7 Price Band
speed sites —
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natural gas

futures strip
from 09/13/2005
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Daily price history of 1st-nearby
NYMEX natural gas futures contract
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Load Centars and Projacted
Paak Growth with Existing
Transmission Capacity, 1999

and 2010
19099 Peak Load \ @’ ]
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i 2010 Projected ) Central
Peak Load -

Load (MW) Scale

Southern
Nevada

iareen ines represent genemlized
Trarsmission capacty.
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Net Capacity Additions by 2020 16.000 MW natural
BAU vs. Balanced Energy Plan gas
10,000 MW coal

1500 MW
renewables

150 MW CHP

Balanced Plan:

15,400 MW
Capacity EREEES

MW

C 6000 N 3000 MW CHP
7800 MW natural

gas
B el Gas Balanced Energy Plan Retires 5000 MW

[]cHpP

Renewables Of COa|

Source: Western Resource Advocates




Wind energy doesn’t consume water
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United States - Wind Resource Map

Geographic Distribution of Depopulation
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ECONOMICHDEVEIORMERNNIPACHS

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.qg. IL,
CA, ND, PA)




(@ase Study: INewlVIExIco

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.




e 162-MW Colorado Green Wind Farm
(108 turbines)

e $200M+ investment
» 400 construction workers
o 14-20 full-time jobs

e Land lease payments $3000-$6000 per

turbine

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

e Local district will receive 12 mil tax
reduction

* Piggyback model

“Converting the wind into a much-needed commodity 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
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ComparaverECoRumIc BDEVelopeERInpactS

Assumptions: . Taxes

Coal (Powder River Basin)
$14/MWh . Landowner Revenue

$1450/kW construction - Fuel
Gas (40% from CO) ] oam

$35/MWh )
§595/kW construction . Construction

Wind

540/MWh

51200/kW construction
Property tax = 1.2% of installed
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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
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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. ] ﬁ( }

Wind energy is the least cost new energy
source.

Wind energy boosts rural economic
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.
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http://www.windpoweringamerica.gov

