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“ Windmills have fascinated us 
for centuries and will continue 
to do so. Like campfires or 
falling water, they’re 
mesmerizing; indeed, 
entrancing.”

Paul Gipe, Wind Power for 
Home, Farm, & Business



Wind Energy has been 
Popular for a long time

The pilgrims arrived under the power of 
wind. Cape Cod was home to the first 
windmill in America. Wind helped fuel 
our country’s early economy.



Drivers for Wind Power
• Rising Fuel Price and 

Uncertainty
• Declining Wind Costs
• Federal and State 

Policies & Incentives
• Local Economic 

Development
• Environmental 

Stewardship
• Energy Security
• Consumer Demand



US Installed Wind Capacity is 
Growing



1981 1985 1990 1996 1999 2001
Rotor (Meter) 10 17 27 40 50 70
KW 25 100 225 550 750 1,500

Total Cost $65,000 $165,000 $300,000 $580,000 $730,000 $1,300,000

Cost/kW $2,600 $1,650 $1,333 $1,054 $974 $867

MWh 55 220 493 1,205 1,643 2,190

Growing Economies of Scale
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Large Wind 
Turbines

• Hub height : 
– 160’  - 260’

• Blade tip height: 
– 240’  - 390’





Wind Turbine Perspective

Nacelle
56 tons

Tower
3 sections

Workers Blade
112’ long



Wide Sweep

231 ft.231 ft.

211 ft.211 ft.



Where is the Wind?

Anemometers 
measure wind speeds



Online Wind Map of New England
http://truewind.teamcamelot.com/ne/



Zoom to Town level



Wind Rose Diagram
Tells prevailing wind directions



To install a meterological tower  
or  not…

• Cost prohibitive for small installations.
• On-line wind maps are good for determining if 

there is sufficient wind and at what height.  
• Using other local wind data can work too for 

making projections on the resource.
• This approach can be used for larger on-site 

installations.



• Installation of a guyed monopole met tower.
• Now available in heights up to 60 meters, with an installed cost 
and data acquisition for 2 years in the range of $23k.
• Many states off a met tower loan program.



Guyed lattice towers are available in heights up to 100 meters.
More expensive than the guyed tower.



How Wind Works
Wind energy is created by uneven heating 
of the earth’s surface.

WIND



Local Land-Sea Breezes
• Land-sea breezes 

created by temperature 
differentials between 
land and water

• Winds also stronger 
near shore because of 
long unobstructed fetch

• Cape Cod has a “dual 
sea breeze”



Wind Varies Annually

Average annual wind speeds may vary as much as 25% 
from year to year



Wind Varies Seasonally



Wind Varies Hourly



Wind Varies Instantaneously



Importance of 
Distribution

“Because speed distribution 
plays such an important role in 
determining power, it’s always 
preferable to use an actual 
measured distribution.”

Paul Gipe, Wind Power



Calculation of Wind Power

•Power in the wind  
=  ½ r A V3

– Effect of air density, r
– Effect of swept area, A

– Effect of wind speed, V
R

Swept Area: A = � R2

Area of the circle swept 
by the rotor (m2).



Importance of Rotor Diameter
• Swept are is 

proportional to square 
of the rotor diameter

• 20% increase in rotor 
diameter increases 
area by 44%

• Doubling diameter 
increases area 4 times



Importance of 
Wind Speed

• No other  factor  is more 
impor tant to the amount 
of power  available in the 
wind than the speed of the 
wind

• Power is a cubic function of 
wind speed
V X V X V

• 20% increase in wind speed 
means 73% more power

• Doubling wind speed means 
8 times more power
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Wind Speed & Height
Higher means stronger, smoother wind



Slide courtesy of Mick Sagrillo



Slide courtesy of Mick Sagrillo



Some Concerns about Wind
(that can be addressed with proper information)

• Visual / Aesthetic
• Property Values
• Noise
• Birds
• Safety
• Are benefits real?



Slide courtesy of Mick Sagrillo



•All wind turbines vibrate when in the wind, and 
they transmit this vibration to the structure on 
which they©re mounted.

• All rooftops create turbulence that interferes with 
the wind turbine©s operation. Even if the 
manufacturer’s engineers were able to design a 
sophisticated dampening system that isolated the 
wind turbine from the structure, they couldn©t 
eliminate the power-robbing and damaging 
turbulence created by the building and other 
obstacles at that level. 

Some Facts to Consider…



Roof Mounted Turbines
• To avoid rooftop turbulence, the wind 

turbine must be raised well above the roof 
line. The tower is often the most 
expensive part of a wind installation, but 
installing the machine in good, This often 
negates any potential savings on the 
tower, and increases the complexity of 
mounting the wind turbine and installing 
it safely.

• Worse, a rooftop-mounted turbine can 
provide a nasty surprise, as one owner in 
upstate New York learned. One stormy 
night his roof-mounted turbine destroyed 
itself--and then plunged through his roof. 
That was the end of his experimentation 
with rooftop mounting. There are quite a 
few stories like this and more that 
indicate the machines have been tied off 
and are not functioning.
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“But Why?”  is often the question.

• In order  to generate electr icity and set 
a good precedent for  wind energy, we 
need good examples of well-installed, 
appropr iately-sited technology.

• The bad installations are what people 
remember. Let’s learn from the ear ly 
mistakes made in the solar  industry.



Wind Data from Rooftop Study 
conducted through Warwick Wind Trial in UK



The Warwick Wind Trials shows 
that most of the new generation of 
rooftop turbines also fail to meet 
their claimed output, often only 

achieving 30% or less.
In many cases the inverter©s 
standby power consumption 

exceeds any power generated on 
urban sites.



Looks great, but….



Actual Data from the Encraft repor t “  Micro-wind-a catalyst for  
change in UK energy culture?” April 2008

http://www.warwickwindtrials.org.uk/resources/Microwind+-+a+catalyst+for+change+in+UK+energy+culture.pdf



Ensuring good wind installations is 
key to having higher public 

acceptance of the technology.
• Towers that are tall enough-the bottom sweep 

of the blade tip being at least 30 feet above the tallest 
obstacle within 500’  of tower.

• Turbines that are high quality and have 
proven track record.

• Avoiding roof-mounted and vertical axis 
machines that look like they are 
generating power when they are NOT. 
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Let’s avoid more of these mistakes that look like 
solutions…



Ensuring good wind installations is 
key to having higher public 

acceptance of the technology.
• Towers that are tall enough-blade tip being at 

least 30 feet above the tallest obstacle within 500’  of 
tower.

• Turbines that are high quality and have 
proven track record.

• Avoiding roof-mounted and vertical axis 
machines. 



Effect of Obstructions



Do wind farms impact tour ism 
and proper ty values?

Yes -- Positively.

There is NO evidence from
existing wind facilities anywhere 

in the world (including 
locations very similar to Cape 
Cod that have offshore 
turbines) that wind turbines 
have a negative impact on 
property values or tourism.

In fact, the majority of In fact, the majority of 
studies conducted after wind studies conducted after wind 
farms have been built show farms have been built show 
that both tourism and that both tourism and 
property values increase!property values increase!



Turbines are noisy, right?
• Older wind turbines 

are louder. Newer 
machines turn slower 
and are much quieter

• It is possible to hold a 
quiet conversation at 
the base of a modern 
wind turbine

• Go to MMA or Hull 
and listen!



Visual Impact
• Many people think wind 

turbines are graceful, kinetic 
sculptures.”

• People who have never seen 
modern wind turbines in 
person are more likely to 
think they will be an eyesore.

• There are always people who 
complain about visual impacts 
before a project is built.

• Approval rates are higher after 
projects are built and in areas 
that already have turbines.



What about 
the birds?

• Wind Turbines kill very few 
birds compared to other 
human activities

• Estimates are ~1-2 bird 
deaths per turbine per year

• Global warming is the 
single biggest threat to 
wildlife today

• A recent study in Nature 
found that more than 1/3 of 
species worldwide will be 
extinct by 2050 if global 
warming trends continue

““ As responsible citizens, stewards, As responsible citizens, stewards, 
and advocates, and advocates, Mass AudubonMass Audubon
strongly supports public policies and strongly supports public policies and 
private projects that advance energy private projects that advance energy 
conservation and efficiency. We also conservation and efficiency. We also 
support the development of wind support the development of wind 
farms, as a renewable energy source farms, as a renewable energy source 
to offset the effects of global climate to offset the effects of global climate 
change produced by the burning of change produced by the burning of 
fossil fuels.fossil fuels.”” Sept. 21, 2004Sept. 21, 2004
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Carpe Ventum!


