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Name/Location MW Capacity
Lake Benton | 107.25 MW Dev eloper
NP ndlea nopiol Wisconsin Electric Utility

Northern States Power
Foote Creek Rim 41.40 MW Zond Manuf acturer Status

Byron 32 MW

9.24 MW
Repower

Wisconsin Public Service
Vestas u.s.

cior 29 M Manuf acturers
Lake Benton II Rosiere 11.22 MW
Enron Wind Corporation
Northern States Power
Zond

Madison Gas & Electric
Vestas

s NDWGP 1.50 MW
e Ridge 24.90 MW Enron Wind Corporation
FPL Energy Nebraska Public Power District
Portland General Electric
Vestas

Enron Earth Sme
Enron Wind Corporat
Enron Energy Corporation A
Zond = Storm Lake | 112.50 MW
Enron Wind Corporation
MidAmerican Energy Company

80.25 MW

Algona Municipal Utilities
Consortium
1.50 MW Zond

Western Resources

Victory Gardens/Tehachapi MW Zond

Enron Wind Corporation
Southern California Edison
Zond Repower

Cabazon/San Gorgonio 39.75 MW Del e Mts 30.00 MW Ponnequin (EUI) 5.10MW
Energy Unlimited

Enron Wind Corporation
Southern California Edison
Zond

American National Wind Power
Reliant Energy HL&P/LCRA

Repower Zond

Kotzebue 35 MW
Kotzebue Electric Association
Kotzebue Electric Association
Atlantic Orient Corporation

Clovis 0.66 MW
Texas Wind Power

Southwestern Public Service
Vestas

PSCo
NEG Micon

Ponnequin (PSCo)
DisGen

NEG Micon

Storm Lake Il 1.50 MW

16.50 MW Enron Wind Corporation

Waverly Light & Power
Zond




Comparison of Large and Small Wind Turbines

Ty —ree-¢ g iowers '1Guyed towers
Viable Wind Resource 5. : mph) | 4.0 m/s (7.8 mph)
Typical Turbine Cost $2,500 - 6,000 / kW
Maintenance Attended by ) pfess Inspection every 6 months
staff




omparison of Large and Small Wind Turbines

Characteristic
Energy Competition Ca
NU ea, Aydro
" Bulk Power -
~ Grid Connected ~ Not

10 - 300 Units in a Windfarm 1 6‘r o]
home, scf
village

Distributed Applications, Water Pumping
and larger Mini-gridsk Telecommunications
l' - (battery-charging stations, ice-
| making, desalination, water
; #Jr | | JPurification)
rimapy Design o.: i ' '

g



Applications Status

 Small turbines are used for domestic
net-billing and world-wide off-grid
applications

e Most of 3000 MW in Germany and
1500 MW in Denmark are single
turbines or clusters connected to
distribution lines

e Majority of 2500 MW in U.S. are
large windfarms connected to
transmission system

e Some U.S. utilities have been trying
distributed deployment




Utility-Scale Wind Energy Technolo nds

pee
Power ele enc :
and power quality (ve Speed operati | %

Advanced structural design methods reduce
unit costs




Z1800/NGT-POC

1.8 MW Power Rating Towers are not properly scabed. Z1500

tower is planned e be B3 meters,
80.5m (264 ft) Diameter Rotor Gossibly abovs @ 15 meter comcrets
B0m (262 ft) Tower Height basc.

21300 750 2530




DOE Goals

Assumptions:

e Constant 1996
dollars

j * Wind speed
Moderate Wind Sites measured at

: tandard height of
5.8m/s (13MPH) ig:] ard height o

e Wind plant: 100
turbines

High Wind Sites
6.7m/s (15MPH)
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North Dakota - Wind Resource Map
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Wind Power Classification IC;] ‘(’:\,’APA Study Site Empowerment | o5 0 25 50 75 100 Miles
ity or Town Zone ———
Wind Resource Wind Power Wind Speed® Wind Speed®
Power Potential Density at50 m at 50 m at50 m . N -
Class W/m?2 m/s mph Transmission Line Indian
Voltage Reservations
2 Marginal 200- 300 5.6- 6.4 12.5-14.3
3 Far 300 - 400 6.4-7.0  14.3-15.7 /\/ 69 Kilovolts 1| Turtle Mountain “S Der;nmentt?lf IIEEnergy Lab
4  Good 488- ggg 7.0- ;.g 12.;- 16.8 N/ 115 Kilovolts 2| Devil's Lake Sioux ational Renewable Energy Laboratory
5 Excellent 500 - 7.5- 8. 16.8-17. .
; 230 Kilovolts 3 | Lake Traverse
6 Outstanding 600 - 800 8.0- 8.8 17.9-19.7 /\Y 345 Kilovolts 4| Standing Rock
aWind speeds are based on a Weibull k value of 2.0 /' 7 Under Construction 5 | Fort Berthold




 motivated public policies me
deployment difference =

~ e« Technologies are well established iha °
3 variety of world market places * - 4= 2
e  Opportunity exists for farmer income
through land rents or turbine ownership

 Transmission limits need cooperative solutions

.+ Financing mechanisms are not in place for distributed
.de'p?ljo'ylm_eht of larger machines (local ownership)



