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Wind Power Classification

Wind Resource Wind Power Wind Speed® Wind Speed®
Power Potential Density at50 m at 50 m at 50 m

U.S. Department of Energy
Class Wit o mph National Renewable Enargy Laboratory

2 Marginal 200 - 300 5.6- 6.4 12.5-14.3

3 Fair 300- 400 6.4- 7.0 14.3-15.7

4 Good 400- 500 7.0- 7.5 15.7- 16.8

5 Excellent 500 - 600 7.5- 8.0 16.8-17.9 bl?

6 Outstanding 600- 800 8.0-8.8  17.9-19.7 Q,

7 Superb 800 - 1600 8.8-11.1 19.7-24.8

1
Wmd speeds are based on a Weibull k value of 2.0

DM Heimiller 31-MAY-2001 1.2.8
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North Dakota: The “Saudi Arabia” of Wind
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; Power Wind Power
— - Class (Wimz2)

1 <200 <5.6
- 2 200-300 5.6-6.4
3 300-400 6.4-7.0
o 4 400-500 T7.0-7.5 =
5 500-600 7.5-8.0 la
6 600-800 8.0-8.8 E —
T =800 =8.8 ==
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Intermediate
(10-250 kW)

* Village Power

* Hybrid Systems

* Distributed Power

E%fférms
= Remote Applications
(e.g. water pumping,
telecom sites,
icemaking)

Large (250 kW - 2+MW)

——" « Central Station Wind Farms
 Distributed Power
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Iristzllael i) mafarms 10 - 100 MW

oerle oW C st Power to the Grid
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/s (13 mph) Average Wind

mes (0.3-50 kW)
stal1ed Off-Grid or at On-Grid Facilities

- $2,000-6,000/kW
. = Designed for Reliability / Low Maintenance
e Require 4 m/s (9 mph) Average

SmalltWind Turbines are

Different =
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Wind
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N'\'E THE EvoLUTION oOF COMMERCIAL

U.S.WIND TECHNOLOGY

LOsMw
1990s
* Structurally stiff P Forecast
1980s » 3 bladed — upwind yaw-driven ’
80- . Seructurally stiff * Variable speed and constant speed O"’
* 3 bladed —Fupwind yaw-driven * Specil airfolls — NREL - -7 1-8M
« Constant speed and 2 speed « Stall regulated and pitch controlled 7
= Stall regulated/tip brakes or ) Ej;ﬁiﬁgz ;::::;::iﬂun a7
60 2;2:;5;55 'btf;] d:gerHEd » Large size to reduce COE 750kW
* Geared transmission F utu I"-e
n * Induction generator Inno\rat|0n
E * Steel truss or tube tower « Scale to larger size
E 500kW * Advanced blade materials
= | = and manufacturing
- 40 1B 50 - 300kW * Low speed direct drive generators
= ;.: T T A — 300kW * Custom power electronics (high efficiency)
T |EE * Feedback control of drive train
o : - and rotor loads
v * More flexible structurally
5 20 - * O&M reduction features
E 300kW - 750kW
w 30m - 50m diameter
S 50kW
o |
50 . [/ | |
1980 1990 2000 2010

Source:Thresher & Dodge, Wind Energy Journal 1998



HOW A™TURBINE CHANGES WIND
ERGY LO ELECTRICITY
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Growunre\Wind Energy:
SegcCity Woerdwide ™
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45000~ ﬁ Actual Projected Jan 2002 Cumulative MW

D Rest of World . Rest of World Rest of World = 2,365
. North America . North America North America = 4,543

35000 ﬁ B cuope B cuope Europe = 16,362

e
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Year

Sources: BTM Consult Aps, March 2001
Windpower Monthly, January 2002
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- oroorlr_w sales tax,

— o~r 10 :and review,
=— ',=:.*:::*1a‘n> d1es—and incentives
= J‘E:Fenewable power purchase mandates
—— Utﬂﬁy ‘green; power programs and
- customer demand

e [Federal Palicy
— renewal of production tax credit

— potential purchase mandates
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o 2000 POPULATION DISTRIBUTION IN THE UNITED STATES
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States with Henewahble Portfolio Standards

NV: 15% MN: 3.6% by 2002 Wi 2.2% ME: 30%
by 2073, and 4.8% by 2012 by 2071 by 2000

o total b [ e |
T, _., by20m o
m ", ‘i by 2009
) LR e
¥

by 2009
' i M.J: 6.5%

AZ:1.1% by
2007, 60% solar .'II

MM 10% by 2011

MREC Current Area of Interest
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Global Energy Decisions - “ aeotHeRm @) O

Additional findings and insight are presented in

Renewable Energy: The Bottom Line

A new study that analyzes renewable energy
prospects. economics, technologies, and issues
available from Global Energy Decisions.

www.globalenergy.com

1495 Canyon Blvd. = Boulder, CO « 8( * 720240

L-Copyright 2005 » Giobal Energy Decisions. All Rights Reserved
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== Net metering only
== 5006 buy-down and net metering
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~* Investment as Equity Owners: production tax
- credit, accelerated depreciation

e Manufacturing and Assembly plants
expanding in U.S. (Micon in IL, LM Glasfiber
In ND)






'De\ja opment Process:

SRSiie pros pec%* .
= Simultaneously taking first ut at everythlrfg
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_ ;‘onmental study
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_;-;: — Sound, avian, viewshed, other issues (lightning, erosion,
- other flora, fauna)
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T ...1 -_Cultural Issues (artifacts, land use, religious concerns, historic

. __ ———— =

E=———=—_—  structures)
— il .
~ . * Geotechnical

~ e Permitting
~ = PPA negotiation
® Engineering
* Financing
® Construction and Operation
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Aquifer Storage

W
well

Withdrawal
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3 Proven Technologies
1. Renewable wind energy
2. Aquifer storage of gas

3. Combustion turbine
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Turbine Generator
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Natural Gas

12,000 BTU/KWh
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Wind-Hydregen SystemiConcept
—

Ed

Local H,
Use

H, Trucking H, Pipeline

Wind-Hydrogen Forms a Green Energy Cycle and is Technically Feasible
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500 MW
~ $1200/kW
n ~45%

Offshere\Wind =@nshore H;, Productionh(l__ongdeiand)

NOTE: Assuming trucks are powered by H,



