TERMS & DEFINITIONS
Blades: Most turbines ha:
blowing over the blades
“lift” and rotate.

BOS: Balance of System
components other than th
inverters and batteries as

Brake: A disc brake which
mechanically, electrically
the rotor in emergencies.

Controller: The controller
at “cut-in” wind speeds (mi
turbine operation) and shu
“cut-out” wind speeds (to

Conversion Efficiency:
power to input power (e.g.

Gear Box: Gears connect
the high speed shaft and i
speed to the generator to

Generator/Alternator: Ty,
generator to produce 60-c

High-Speed Shaft: Drive

Inverter: Converts DC po!
to AC power for on-site us

kW: kilowatt. Unit of turbin
kWh: kilowatt-hour. Unit of

Low-Speed Shaft: The ro
speed shaft

Met Tower: A meteorologi
instrumentation, erected fi
resource found within an a

MW: megawatt. Unit of turl
MWh: Megawatt-hour. Uni

Pitch: Blades are turned,
wind to control the rotor s
rotor from turning in winds
too low to produce electric

Rotor: The blades and th
called the rotor.

Net Metering: Feeding of
the utility grid and selling t
backwards). Net bill to cu
difference between energ
produced.

TERMS & DEFINITIONS
Swept Area: Of the rotor i
“swept” by the blades in sq
feet.

SWCC: Small Wind Certifi
independent 3“-party orga
“certifying” wind turbines in
performance, reliability & s

Tail: Acts like a wind vane
the wind to position the rot

Tower: Towers are made
concrete, or steel lattice.
increases with height, talle
turbines to capture more e
more electricity.

Turbine Capacity Factor
is the energy conversion e
It is dependent upon wind
performance characteristic
on a turbine’s performance

Wind Power Density (W/
power available from wind
area (m?) denoting the sw

Wind Shear: The change i
elevation above ground (si
Calculations).

ROTOR SIZE & HEIGHT!

160"

50140 1.
tower
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VERTICAL & HORIZON

TURBINE MARKET SEG

Wind Turbine Market Segmentation

Turbine Size Range Applications Barriers

e 0"._

Wind/diesel,
industrial

Small (<10 kw)

Intermediate (10 kW -
500 kW)

mencan o

Offshore grid Cables to shore, viewshed, new
interconnect regulatory

Zoning

Very Large (>5 MW)

TURBINE NOISE LEVELS
Sound decreases 4-fold with
distance from the turbine hu
(direct diagonal distance).

Turbine Owner

Is your rural property
suitable?

There are some relatively simple things you can do to assess

whether your property is suitable for a small wind turbine.

Consider the terrain

Turbines generally operate best on:

* areas with smooth, steady wind flows, as opposed to
irregular, turbulent ones

* gaps, passes, gorges and valleys extending down from
mountain ranges

high elevation plains and hilltops, ideally with gentle
surrounding contours

* exposed ridges and mountain summits

* coastlines and inland strips with minimum wind barriers
and vegetation.



Calculations, Production Variables & Wind Power Classifications

ENERGY PRODUCTION VARIABLES
Wiring Losses: Roughly 3-5% loss in syste

Battery-Based Systems: 10% loss due to
float voltage. DO NOT MIX BATTERY TYP

Inverter Efficiency: Approximately 85% fo
batteryless systems.

WIND POWER CLASSIFICATI
Wind resources are designated in
ranging from Class 1 — 7. Each cl
wind speed range (m/s or mph) a
for rotor swept area at different h

‘Wind Power Classification

Wind Resource  Wind Powsr  Wind Speed”® Wind Spaed®
Power  Potential Densityat 50 m at50m ats0m
Wim? mis mph

Capacity Factor (CF)—Should choose turb
given wind regime. Higher CF values used
and should be checked with manufacturer.

Class

3 Fair 300 - 400 64- 7.0 14.3-16.7
4 Good 400 - 500 70-75 15.7 - 16.8
5 Excellent 500 - 600 75- 80 16.8-17.9
& Quistanding 600 - 800 - 8- 18,
7 Superb 800 - 1600 86-111 18.7-24.8

B\Wind speeds are based on a Weibull K value of 2.0

Wind Velocity vs. Power—Power density

P. = p V’/2 watts per m*  where
Because not all wind power density is a
power that can be extracted from a winc

0.593 P,, = the Betz limit

Wind Speeds Increase with Helght

Power from the Wind P
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O St e m Aover e R INCREASE IN WIND SPEED OVER A RIDGE
200%

wind Shear—The 1/7"" Rule (Wind Veloci 120% |
Turbine height is the most important factor i 100% 50% | _»
turbine The increase of wind velocity with el | | A
surface roughness, wind speed, and atmosy — » L
by: .

L

v(hs) = v(hy) x (ha/hy)"”
For more precise calculations:
v(hz) = v(hy) x (ho/h;)°  where o=

Figure 3-2. Variation, in wind speed over a ridge. Wind speed increases near the
summit of a long ridge lying across the wind’s path. (Battelle PNL)

Calculating Wind Speed
from Known Data

Assume a Midwestern farm site, which is mostly flat

. d h ffu - grassland, has a wind-shear coefficient of 0.2 (x = 0.2)

Wind-Shear Coefficients and your 50-foot-high anemomater (H1) has recordad an
annual average wind spaed of 15.6 mph (V1).

a Description What annual average wind spaed (V2) can you expact at

0.1 Perfectly smocth (calm water) turbine hub height on a 76-foot tower (H2)?

0.2 Flat grassland or low shrubs

; i ildings i Vy [Hp|® Hy|® 0.2

0.3 Traes or hills, buildings in araa Yo _(H PRVAIYS H, + Vy=15.6 mph 75 ft.

0.4 Close to trees or buildings Vi | Hy Hy 50 ft.

0.5 Wery close to trees or buildings V2= 16.8 mph

0.6 Surrounded by tall trees or buildings

ENERGY CALCULATIONS
Annual Energy Output (AEO)
AEO

Power Density X Swept A
253 W/m? X 385m’
17,000 kWh/yr

Other

CRITICAL FACTORS

e Having good wind resource data—mea
meteorological data (e.g. airport, neigh

* Turbine selection, size, height & locatiol

e Siting and height of turbine for the leas
turbulence

« Verification of energy calculations.

e Soil studies for adequate foundation/in

ENVIRONMENTAL ISSUES
e Visual Impacts—siting critical to mitigat
o Noise—location of turbines key

e Bird/Bat Impacts—minimal concern wit!
MARKET STATUS

e Commercially available turbines and B:



Calculations/Engineering Review
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LL TURBINE SPEC SHEET

RULES OF THUMB

Wind Resource Date—Ene
sensitive to average wind s
10% reduction in wind spee
drop in energy output.

Turbine Height—The botto
should clear the highest wi
tree) within a 500 ft radius b

IEW

REVIEW STEPS
availability of key system
r specification sheets must

jeneration capacity (Watts)
ce measurements &

nual wind speed and
NREL data. Actual site
Independent Structural Al analysis for 12 months
Independent analysis of the
foundation are available fro
Requiring additional studies
cost prohibitive for the owne
engineered to withstand hu
(110-120 mph).

Aesthetics—Aesthetic imps
be unacceptable in historica
Zoning laws must be checke

erter sizing. Check the

er specification sheet.
esign contains all key

at they are adequately
tion capacity (turbine,

g), overcurrent protection,
disconnects, batteries,

, safety signage)

ion calculations and
Utility Outages—Turbines
designed to shut down auto

) » allation and mounting
outages and will not energiz

Over-Speed Protection—
equipped with manual and &
protection devices to keep t
within a controlled range of
back using stated utility
inus any stated

es, and calculated energy

Electrical Safety/Permittin
must submit a line diagram
components, with sufficient
zoning board for determinat
proposed installation metho:
requirements.

MAINTENANCE REQUIRE
« Tighten bolts to specific tic
generator suspension and
o Inspect airfoils for cracks ¢
immediately, noting type &
e Check brake pads, repla
* Change oil filters, lubricate
mechanism, generator & f
¢ Check oil level in transmis
and send for analysis.
o Check starting current of g
o Check overspeed safegua
brakes & mechanical brea
e Check cables, sensors, ge
o Clean area thoroughly.

APPLICABLE ELECTRIC
o |IEEE 1547
o UL 1741

s for turbine of height
ted setbacks & noise

ots FAA requirements for
ear airports or air strips.
ller confirmed local soil
minimum requirements of
anufacturer for the
pecified. For turbines >20
alysis & engineers stamp.

NON-ISSUES/” RED HERRINGS”
mon misconceptions

Installation
g




Calculations/Engineering Review

GRID-TIED WIND SYST_ WIND RESOURCE As_ PICTORIAL EXAMPLES OF

SYSTEMS

Interpreting a
Wind Rose

A wind ress gives Information T
sbout the wind spesd and
fraquancy of wind blowing
from varlous direstions. Ths
longth of eash “spoke™

LSTIRS
e '@#’0‘“

‘that the wind blows from
& partaular dirsotion. g |

E=C okl
raprussts 3 mnerane ‘.“!’ < \v"ﬁg
fraquanay, from zaro @t - ' "

S

the center to Incraasing
"il‘llmﬂil ot the outer
drolos. You can snalyze

= wind rose to determine

tha prevalling wind dirsetion b by Ll
and frequency. In this partiular
axampls, prevalling winds coma s

Plta: All miroer arerabd,raraiachar s spasiliosirs, o nmiral aneas stharoses apsshod. from the - southwast.

Bursay Dates: 1242003 - 1342008
GRID-TIED WIND SYST- Lovamion leneer ecanstn N Pt T

Elevation: 1,027 ft. Wind Ener gy
2= Halght 1641

TYPICAL GRID-DIRECT WIND SYSTEM i poreeniagas reprasent mvarage tis B Parcartat
Intervals when wind speod exceads 18 mph

FAA SITING REQUIR

-
i G

REVIEW CALCULATIONS
WIND FARMERS DISCUSSION FORUMS Criteria for aviation obstructions that trigger FAA notification and permit:

. . N « Anterna penetrates surfnce. FAA notice requined
Network Isa d|SCUSS|On fOrUm » Airports with one rumwdy more than 1200 ft long, X=20.000 ft. Slope nata 1007
d in wind power to exchange - Alrports with no rumway over 1200 ft. Jong X = 10000 ft. Sope ratic 51
ion about wind power B Pl Aviaton A e

ics, technology, and how to
oject.
try.com/networks/wind-farmers-
ers-network

are for wind, solar, biomass and
esource assessments.
v/gis/data_analysis.html

STATE WIND ACTIVITIES

te activities for wind
v/gis/data_analysis.html

NREL ATLAS OF RENEWABLE ENERGY]

a mapping.
rel.gov/website/Resource Atlas

AWS TRUEWIND INTERACTIVE MAP
a mapping.
struewind.com/

Costs/Financials

LiIFE CYCLE
10-15 years (last much longer)

STATE ANEMOMETER LOAN PROGRAMS|

erica supports state and Native
eter loan programs.

can help businesses,

rs, ranchers, and homeowners
is enough wind energy at their
ind turbine.
)weringamerica.gov/anemometer

/yr

0/kWatt (Community Scale)
00/kWatt (Small Scale)

st) + (Annual O&M X Equip Life)
neration) X (Utility Rate $/kWh)

weringamerica.gov/na_anemom

WIRE SIZING Far a 108W residentiabscale turbine
Tower Wind | kKWh/year | System | Incremental | Incremental Incremental
haight spand £ost cost from Bnergy |nErgy -
(feet} | (mph} 60’ output from | incremental
60" cost = ROI*
&0 J.3 2,709 548,665 _— = -
BO 8,3 5,136 549,841 §1176 or 226%: 226% + 2.4%
2.4% = 94 to 1 ROI
100 1y 3,338 $51,346 $2681 or 39450 34H4% + 5.S%
Sa53% 63 to 1 ROI

villo, AWEA Winellerier, January 2006



