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Drivers for Wind Power

*_Rising Fuel Price and =
Uncertainty

Declining Wind Costs

Federal and State
P_'olicies & Incentives

Local Economic
Development

| Crop of the
Environmental 21ST Century
Stewardship O ,
Energy Security 1

Consumer Demand



US Capacity is Growing
(In fits and starts due to lack of consistent long
erm federal policies and diverse state policies)

U.S. Annual Capacity Additions
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Types of Wind Turbines

Small (<10 kW)

e Homes

* Farms
 Remote Applications

$5,000-$50,000

2 Medium
(10-250 kW)

* Village Power

« Hybrid Systems

* Distributed Power
$50,000-$500,000

Large (250 kW — 5 MW)

48 » Central Station Wind Farms

* Distributed Power
$500,000 - >$5,000,000



‘Small & Medium
“. Turbines

 Micro

<1.25 m (4 ft) rotor
diameter

ini / Cabin-size

1-3'm (3-10 ft) rotor £ |
diameter -~ L FR==—at

ousehold

4-10 m (13-33 ft) rotor
diameter

edium

10-60 m (33-200 ft) rotor
diameter
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. Wind Turbine Perspective
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How Wind Works

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

X M

COLD WIND — WARM
High Pressure Low Pressure







Local Land-Sea Breezes
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Vhere is the Wind"
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Wind Resource
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‘Data on Specific Location

-2 Wind Data - Microsoft Internet Explorer |Z[$__<|

File Edit View Favorites Tools Help ‘.'
<« \_/'J |ﬂ @ h /.__\1 Search ‘i-‘:(‘ Favorites Q‘E <] - L:_,_; I)_J.I @ J ﬂ ‘a ﬁ
Address @h[ http: fftruewind. teamcamelot, com bin/TrueWind, di?DetailSheet?Area =ME&X =350 &Y =4600 &Z =50&8Map=7492,431 V| Go Links *
GDEJS]E ‘ G |Go i éﬂ Eﬁ' - ﬂ? Bookmarks « gl 70 blocked ﬁ;}’ Check + ** Settings+ | Morton Internet Security £ - Morton Antivirus &l -
. - MASSACHUSETTS Vh%ﬂ' Rose s
Clean Energy Fund W L e COLLABORATIVE
Data Sheet:
Latitude: 414124 Longitude: -70:20:24 Elevation: 30m. (98 {t.
decimal: 41.69 decimal: -70.34 Roughness: 0.01lm.

UTM Coordinates: 3883500 x 4616500

Wind by Time and Height

Avg. Wind Avg. Wind o Ll i
Speed (m/s) Power Density (W/m2) c k

30m Annual 58

50m Annual 6.4 307 74 213

70m Annual 6.9

100m Anmual 7.6

50m Spring 6.9 343 78 262

50m Summer 54 153 6.1 239

50m Fall 6.2 278 7.2 225

30m Winter 74 454 82 1.95

‘ Internet



—..\Wind Rose Diagram
Tells prevailing wind directions
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Dand

. Fercent of Total Wind Energy (Wh/mz)
Fercent of Total Time

Center Foint = OX
Each Outer Circle = +53%



Wind Varies Annually
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- Wind Varies Seasonally

YWind Energy index, Denrnark [average=00]
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;Wind Varies Hourly
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Wind Varies Instantaneously
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The Weibull Distribution
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Nind has Kinetic Energy
which can be captured

Kinetic Energy = Work = ¥2mV?

re:
ass of moving object
elocity of moving object

at is the mass of moving air?

sity (p) X volume (Area x distance)
A xd
/m?) (m?) (m)



. Calculation of Wind Power

g x/ﬂl f“f‘ ‘— )
,,./ Swept frea { \
¥  of Blades s Rolor

ower in the wind
= Y2p AV
— Effect of air density, p

A Diameter

— Effect of swept area, A
Effect of wind speed, V

Swept Area: A = TTR?
Area of the circle swept
by the rotor (m?).
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portance of Rotor Diameter

S__Wept ,are 1S Theoretical Power Production
proportional to m —
square of the rotor 10M y T

diameter A T
o | i £ [/ £~ 21w
20% increase in § )
rotor diameter = o 141 kW
InCreases area by S 9.8 kKW
44(%‘.) 3m \\H 'f o3 KW
3.5 kW
Doubling diameter . ok
Increases area 4 0.4 kW

times



portance of
Wind Speed

No other factor is more
important to the amount
of power available in
the wind than the speed
of the wind

Power is a cubic function
of wind speed

VXVXV

20% increase in wind
speed means 73% more
power

Doubling wind speed
means 8 times more




Wind Speed & Height

igher means stronger, smoother wind
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Efféct of Obstructions

Obstruction of the Wind by a Building
or Tree of Height (H)

Region
of highly
turbulent

flow
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Some Concerns about Wind

(that can be addressed with proper information)

Isual / Aesthetic
* Property Values
oise

irds

afety

re benefits real?




~We should not compare wind
energy to no wind energy

-
E




" 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
urbines.




\pproval Rates Increase with
ctual Exposure to Technology

Do you support the presence of a wind turbine in
close proximity to your home or school?

Hull, MA Community

m Support close proximity

@ Undecided

0O Oppose close proximity

1

Percentage of Respondents




REmaginations

- i:1-. E"-«H" ol power

elebrating the beauty of wind
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Quilt by Kathie Alyce

Power Plant by Alekxander Rodic



yVhatabout
“the birds?

iInd Turbines Kill very
w birds compared to
her human activities

timates are ~1-2 bird
aths per turbine per

obal warming is the
ngle biggest threat to
Idlife today

recent study in Nature
und that more than 1/3
species worldwide will
extinct by 2050 if

bal warming trends
tinue

“As responsible citizens, stewards,
and advocates, Mass Audubon

strongly supports public policies and
private projects that advance energy
conservation and efficiency. We also
support the development of wind
farms, as a renewable energy source
to offset the effects of global climate
change produced by the burning of
fossil fuels.” Sept. 21, 2004



Departures in temperature in °C (from the 1990 value)

Global
Observations, Northern Hemisphere, proxy data instrumental  Projections Paveidl modely

observations all SRES envelope

e Emm——

Global Warming

* No longer credibly questioned

« 10 warmest years on record have
occurred since 1987.

Departure from
Average Temperature

Bars show the
range in year 2100
produced by
several models

Scenarios
— AR
A1T
« A1FI
A2
— B1
T T T T T T T T T T 1 B2
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 — I892a
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Bird deaths in perspective

B Glass Windows

B Hectric Transmission
Line Collisions

@ House cats

B Hunting

O Automobiles

@ Agriculture

O Communication Towers
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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!

.. Turbines are noisy, right?

Jet airplane

Industrial
noise

Inside car

Home

Bedroom

Falling
leaves

ai

Decibels
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o wind farms impact tourism
and property values?

24 " "

s -- Positively. Mu e
ere-is NO evidence from
Isting wind facilities
nywhere in the world
iIncluding locations very

imilar to Cape Cod that

ave offshore turbines) that n fact, the majority of
ind tBbink hald 3 studies conducted after wind

| , farms have been built show
egatlve |mpact on property that both tourism and

alues or tourism. property values increase!




Are Wind Turbines Unsafe”

Not a single passerby has
ever been injured by wind
turbines

There have been no
collisions with turbines by
any type of vehicle

Ice shedding is very rare

— When it occurs Ice falls near
base of turbine -- not thrown
far distances

Only one member of the
public has been killed by a
wind turbine (a German

arachutist on her first Wind turbine at Exhibition Place,
olo jump) Downtown Toronto




Are the benefits real?

Back up Power?

— Turbines do not require any new
back up generation or spinning
reserves.

Emission reductions?

— Wind energy is accepted on the
grid before any other source
when it is available, offsetting
the need for more polluting
sources. Each MWh of wind is
one less MWh of electricity from
a fossil fuel plant

Economics?

— Wind provides long-term price
stability and is competitive with
today’s energy costs. Economic
benefit is realized by whoever
buys (and sells) the power.




A

hat does it take to install a Turbine?

« Ultility Engineers

» Geophysical Engineers

« Concrete/Structural Engineering

e Turbine Engineering (ME/EE/Aerospace)
» Site/Civil Engineering

* Microelectronic/Computer Programming
* Business Expertise (Financial)

e Legal Expertise

» Meteorologists
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