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Wind Energy Support

• New energy sources are needed
• Renewable energy is in demand

– Concern over global climate change
– Enforcement of air quality standards
– Opposition to domestic oil production

• Wind power has many advantages
– Flexible placement
– Distributed power generation
– Economics



Wind Energy Opposition
(Geographic)

• Environmental concerns
– Bird mortality
– Wildlife impact
– Habitat destruction

• Human impact
– Visual nuisance
– Noise
– Danger due to moving rotor, electric generator



Objectives

• Develop an analytical framework for 
evaluating site suitability for wind turbines
– Physical features
– Environmental factors
– Human impact factors

• Perform spatial analyses using 
combinations of the above factors

• Identify supporting/opposing factors in a 
given location



Large-Scale Wind Energy 
Production

• Each wind turbine may 
generate up to 1000 kW

• Tower heights up to 80 
meters

• Rotor diameters up to 27 
meters

• Requires annual average 
wind speed of 7-9 m/s
(15 – 20 mph)

• California wind industry 
produced 3.5 billion kWh 
in 2001 (1.5% of total)



Small-Scale Wind Energy 
Production

• Private home or community 
use

• Wind turbines generate less 
than 10 kW

• Tower heights between 9 and 
30 meters

• Rotor diameters between 1 
and 4 meters

• Requires annual average wind 
speeds of 3 m/s if standalone, 
4.5 m/s if grid-connected (7-10 
mph)



Study Area
• San Francisco Bay 

Area (nine counties)
• Heavily populated 

area
• Region includes two 

of the top five wind 
power producing 
areas in California 
(Altamont Pass and 
Solano County)



Data Sources

• AWS Truewind
– Modified meteorological model coupled with 

wind model
– Includes terrain and surface roughness
– 200 m resolution

• California Gap Analysis Project
– Vegetation and land use (30 m resolution)

• USGS DEM (30 m)
• CERES (public lands)



Bay Area Wind Resources



Database Development
• Physical Data

– Wind resources
– Terrain
– Obstacles

• Environmental Habitat
– Vegetation types
– Wetlands
– Endangered plant species

• Human Impact
– Urban development
– Recreational areas



Multi-Class Index Overlay Model

Physical Model

[(3*wind) + (2*obstacles) + (terrain)] / 6

terrain = valley or ridge
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Physical Suitability Model
Suitability
Score

Wind Speed
Large    |      Small    |   Small

(grid)         (alone)

Obstacles
(trees)

Excellent
4

> 7 m/s > 4.5 m/s > 3 m/s

< 4.5 m/s < 3 m/s

Primary != trees
Secondary != trees

Good
3

Primary != trees
Secondary == trees

Fair
2

Primary == trees
Secondary != trees

Poor
1
Unsuitable < 7 m/s Primary == trees

Secondary == trees



Physical Suitability Model, cont.
Suitability
Score

Valley
(majority slope over
150x150 m area)

Distance to Ridge

Excellent
4

0º - 7º < 10 m

Good
3

7º - 16º 10 – 30 m

Fair
2

16º -30º 30 – 50 m

Poor
1

30º - 40º 50 – 100 m

Unsuitable > 40º > 100 m

Terrain score = max (Valley, Distance to Ridge)
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Environmental Suitability Model

Suitability
Score

Land Use
Vegetation

Endangered
Plant
Species

Wetlands

Excellent
4

Farmland
Barren

No endangered 
species present

No wetlands 
present

Good
3
Fair
2

Grass

Poor
1

Shrubs/Chaparral

Unsuitable Forest
Wetlands

Endangered
species present

Wetlands present

[(3*vegetation) + (2*endangered) + (wetlands)] / 6



Environmental Suitability



Human Impact Suitability Model

Suitability Score Urban Recreational

Excellent
4

Not urban No public parkland

Unsuitable Urban Public parkland

[(urban) + (recreation)] / 2



Human Impact Suitability



Large-Scale Wind Energy Potential
Physical Model Only



Large-Scale Wind Energy Potential
Physical and Environmental Models



Large-Scale Wind Energy Potential
Physical, Environmental, and Human Models



Small-Scale Wind Energy Potential
Physical Model Only (Grid Connected)



Small-Scale Wind Energy Potential
Physical and Environmental Models



Small-Scale Wind Energy Potential
Physical, Environmental and Human Models



Off-Shore Wind Energy

•Physical model only

•High winds available

•Further analysis should     
account for ocean depth 
and distance from shore



Concluding Remarks

• The developed technique allows suitable 
wind turbine sites to be identified

• Suitability factors originating from physical, 
environmental, and human impact can be 
evaluated individually

• The framework correctly identifies large-
scale wind turbine sites currently in use

• Future work includes model expansion 
and refinement, increased study area


