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BUILDING-INTEGRATED WIND POWER
Twelve West – Portland, Oregon



Effects of Buildings

Wind Flow – typical velocity profile over open grassland

Wind Flow – complex velocity profile over 
urban environment

Wind Energy in the Built 
Environment



Aerovironment, Inc. Monrovia, California

Wind Energy in the Built 
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Wind Tunnel Testing



Shear plane from SSE (Winter) Winds
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Turbine Search
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Warwick Urban Wind Trial
www.warwickwindtrials.org.uk

• 26 roof-mounted winds turbine on a variety of 
buildings and locations

• Objective:
– “To see how grid-connected microwind turbines 

perform on a variety of building types and to see if any 
patterns emerged that could provide a helpful guide to 
potential purchasers”

• Measurements during ~15-month trial:
– Wind speed (at hub height) and wind turbine energy
– 2-15 months of data from individual turbines
– First quantitative study of it’s kind!

• Final report published January 2009
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Warwick Wind Trial
Scope of investigation

• Wind resource
• Wind turbine energy production
• Wind turbine power curves – comparison to 

manufacturers data
• Wind turbine capacity factors
• Wind turbine parasitic power
• Scaling factors to correct the national wind 

map for urban sites
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Warwick Wind Trial
Scope of investigation

• Wind resource
• Wind turbine energy production
• Wind turbine power curves – comparison to 

manufacturers data
• Wind turbine capacity factors
• Wind turbine parasitic power
• Scaling factors to correct the national wind 

map for urban sites

Focus of this 
presentation
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Wind Turbines Used in the Trial

• All turbines were grid-connected
• All were from UK manufacturers
• Rotor diameters 3.6-6.0 ft (1.1-1.8 m)
• Numerous mechanical or electrical failures
• Turbine noise was a significant problem at 3 sites
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Example Trial Sites

Lillington Road –
semi-detached 
Victorian house

Tannery Court –
retirement home
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Example Trial Sites

Princes Drive –
warehouse

Hill Close Gardens –
suburban house
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Example Trial Sites:
High-Rise Apartment Buildings

Eden Court 1
15 story

~ 200 ft hub height 

Ashton 
Court 2
8 story
~ 115 ft hub height 
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Site 1 – Lillington Road

• Ampair 600/230 wind turbine,
hub height is 2.2 m (7.2 ft) above 
ridgeline

• Anemometer at hub height
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Site 1 – Lillington Road
Wind Resource

• Wind speed predicted by the national wind 
map (NOABL)
– 5.0 m/s  at 10 m

• Wind speed measured 2.2 m above ridgeline 
(at turbine hub height)
– 2.4 m/s
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Wind Power Classes

1 0 - 100 0 - 4.4 0 - 9.8

2 100 - 150 4.4 - 5.1 9.8 - 11.5

3 150 - 200 5.1 - 5.6 11.5 - 12.5

4   200 - 250 5.6 - 6.0 12.5 - 13.4

5 250 - 300 6.0 - 6.4 13.4 - 14.3

6 300 - 400 6.4 - 7.0 14.3 - 15.7

7 400 - 1000 7.0 - 9.4 15.7 - 21.1

Wind Power
Density

W/m2

Wind
Power
Class

Wind Speed
at 10 m

m/s  

Wind Speed
at 10 m

mph
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Site 1 – Lillington Road
Wind Resource

• Wind speed predicted by the national wind 
map (NOABL)
– 5.0 m/s    143 W/m2, high Class 2

• Wind speed measured at turbine hub height
– 2.4 m/s    16 W/m2, bottom of Class 1

factor of 9 smaller than predicted!
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Affect of Obstacles
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Wind Resource Summary
• High rise buildings (6 sites)
• 90-279 W/m2

• All were one wind class lower than predicted
• Unfortunately, the turbines at these better sites were usually 

shut off due to noises complaints from building residents

• All other buildings (19 sites)
• 6-55 W/m2 (Class 1 resource, Class 2-3 predicted)
• Poorest sites were net consumers of energy due to 

parasitic power consumption
• Misty Farms
• Open field on a hill top near the ocean, on a tower
• 228 W/m2 (Class 4 wind resource)
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Average Energy Output, All Sites

• Including periods when turbines were 
switched

• off or broken:
• Average energy output:   78 kWh/y  (all sites)
• Excluding periods when turbines were 

switched
• off or broken:
• Annual energy output:   229 kWh/y   (all sites)

• Annual energy output:   94 kWh/y (high rises excluded)

• Best site production:     718 kWh/y   (Southorn 2)

• Consumption of the average US home:
• ~ 9,000 kWh/y
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Warwick Wind Trial
Conclusions

• The wind resource on most urban roof tops is very 
small due to surrounding “clutter”  - other buildings, 
trees, etc.

• High-rise buildings in exposed locations may have a 
viable wind resource

• Energy production in this study was trivially small
– Low wind resource 
– Small size of the wind turbines

• The key issue with roof-mounted wind turbines is 
usually wind resource, not technology!
– There is no technology “silver bullet” for a low wind 

resource



Questions?
For more info:
http://www.nrel.gov/wind/
http://www.awea.org/
http://rredc.nrel.gov/wind/pubs/atlas/
http://www.windpower.org/en/core.htm

Robi Robichaud
Senior Engineer
NREL - MS # 3811
1617 Cole Blvd
Golden CO 80401
Tel: 303-384-6969
robi.robichaud@nrel.gov


	Rooftop Wind / Urban Wind�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Warwick Urban Wind Trial� www.warwickwindtrials.org.uk
	Warwick Wind Trial�Scope of investigation
	Warwick Wind Trial�Scope of investigation
	Wind Turbines Used in the Trial
	Example Trial Sites
	Example Trial Sites
	Example Trial Sites:�High-Rise Apartment Buildings
	Site 1 – Lillington Road
	Site 1 – Lillington Road�Wind Resource
	Wind Power Classes
	Site 1 – Lillington Road�Wind Resource
	Affect of Obstacles
	Wind Resource Summary
	Average Energy Output, All Sites
	Warwick Wind Trial�Conclusions
	Questions?

