Sustaining the Future Through Building-Integrated Wind Turbines

California + Architectural Wind Paul Glenney
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Changing Our Energy Outlook

A Buildings comprise 39% of energy use

A Nearly 50% of US electricity is generated
from coal

A Coal plants release sixty varieties of
hazardous air pollutants, among them
lead, chromium, arsenic and mercury

A Clean coal: OWe know t
thing. There is no clean coal, only cleaner
coa.Less di ritSen Haroy&Rkéid o
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A Oil, natural gas and uranium are now é\" ;
consi dered ANAtransiento

years or less)
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A Urgency for green building, or better, zero
energy buildings

Kayford Mountain, Appalachia
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Why Small Wind Turbines for the Built Environment?

Small turbines fit into the built
environment and urban context

AV focuses on low-aspect ratio buildings

Large wind turbines (>100kW) suffer from:
I Structural requirements
I Aesthetics
I Noise & vibration
I Inadequate resources
I Siting: Zoning, FAA, etc.
i NIMBY & BANANA

Small Wind in the Built
Environment
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New Implementation of Small Wind
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Building integration
Utility grid-connection

Modular and scalable

Complimentary to solar
photovoltaics & green roofs

Fast and easy installation
Minimal roof penetration
Fundamental impact on public

perception, linkage of energy
production with energy use
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Aerodynamic Performance

A Winds striking a building wall creates a frontal resistance to the wind

A AChi mney Effecto for buil
I Creates a zone of accelerated air
I 15% increase in velocity results in 50% more power
I Power curve effectively shifts to the left

A This phenomena can be analytically predicted
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P power, Watt
p density of air, kglm3
v wind speed, m/s
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Experimentation + Testing

A 30 years of wind mapping
experience

A Experimental validation
on structures

A Cal Tech Lucas adaptive
wind tunnel testing

A Texas Tech Wind Science
& Engineering Center:
wind flow over low aspect
ratio structures

A Dynamometer testing

A Mobile test platform

A COmputati()na| fluid 1:100 Scale Model | AT-Up ® ;«:L e— —la —
dynamics modeling Design Wind Vector ,, .
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Key Finding: Accelerated Wind Flow

Architectural Wi nd | everages the oOnatural o built envi

It is specifically engineered to take advantage of the acceleration effect of wind as it passes over the parapet.

Velocity [m/s]

.—l 4.2523 m}s

Min=0 m{s Max=14.2523 m|s _ _
Time =228.289s Result: Three patents granted for Architectural Wind
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Wind Siting: the Critical Ingredient

California Wind Potential

&

3.7% Population in a Wind Class 3 or Greater
Wind Power Class 2 and Greater

2005 Population By Zip Code
10,000

. 24,000

B 42,000

B 65,000

B 110,000

11.8% Population in a Wind Class 2 or Greater

Predominant wind direction

Minimal obstructions upwind

Buildings

Trees

Hills

Facing side of structure

Focus on low aspect ratio buildings:

Distribution centers
Office buildings

Big box stores
Factories

Turbine pitch angle

Vector flow of wind
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Innovation Parthers

Organizations with a commitment to sustainability
I Climate change/GHG emission reductions
I Environmental stewardship
I Green building
I Renewable energy that you can see
I Want to engage stakeholders into this dialogue

Low aspect ratio buildings

BMW Group / DesignWorks, Newbury Park, CA

Economic siting drivers:
I Good wind resource (US Class 2+ or higher)
I High electricity rates
I Incentives (buydowns)
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