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Thinking About Small Wind

Physics
Small wind turbines on roofs
Small wind turbine certification
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Calculation of Wind Power

ePower in the wind = k/,p AV3
— Effect of wind speed, V
— Effect of swept area, A

— Effect of air density, p
— Constant for units conversion, k

University of Nebraska—Lincoln
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Calculation of Wind Turbine Power

-Power from a wind turbine = C, k */, p A V°
— Effect of wind speed, V
— Effect of rotor diameter on swept area
A=PiD?/4
— Effect of elevation and temperature
on air density, p

—Power coefficient (efficiency), C,
up to —0.35 for small wind turbines
(theoretical max, “Betz Limit” = 0.59) N
AN,
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Wind Turbine Power

Wind Power vs Power Curve for 1 kW turbine
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Power in the wind
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- Power Curve Bergey 1 kW
Betz Limit
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Relative Size of Small Wind Turbines

Swept Area (ft2)

Rotor Diameter (ft) 500
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vlll'vlvll-] A4 | Y WRIT CAWTVLVUA T T T WJIITT0 IANR




Nebiaska rension KNOW how. Know now.

Lincoln

Wiltle 0.6
Machine os
Types

o
'

o
N

Power Coefficient (Cp)
o
w

0.1 Dutch >\

B v four arm/ ||‘

|’ Savonius \ / \ e Til \
\ TI’I‘IEUS verucal axis

0

0 1 2 3 4 5 7
Tip-Speed Ratio (Vblade tip )
: : Vwi
University of Né o were wmroon wind

IANR



Turbine Site

Obstruction of the Wind by a Building
or Tree of Helght (K}
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Wind Occurance and Bergey 1 kW Power Curve
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Estimated Power Output Bergey 1 kW

= 2077 kWh/year
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AeroVironment in Practice

r
Government Services Center |

Duluth, MN
Ribbon cutting 2-14-09
$51.000 installation

Peak output = 6 kW 20))
$8.5 per Watt installed k— g
Projected to save $1200/year .




AeroVironment results

480 kWh/year = 1.3 kWh/
day for $51,000

« Cof E=3%5.31/kWh

At $0.12 / KWh,
payback = 890 years




 The installation
— Fitchburg, WI
— Installed 11-5-08

— “urban turbine”
demonstration

— 10 kW at 35 mph
— 30’ tower

— “Starts generating at | |
only 4 mph” oo

ekl

i e, .
— $40,000 installed Al e




MGE Windside results

 CF for 10 kW

= .0008%
« CofE =
$28.57 / kWh
« At $40Kk installed,

$0.12/kWh, and
a 20 year life,
the payback is
4761 years
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What do these designs
all have in common?

1.Small swept area

2.Roof mounted or
3.Short towers

4.Unconventional rotor configuration

5.Eye candy photos

6.“Urban Turbines”

7.Claims!
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Small Wind Certification Council

http://www.smallwindcertification.org
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Public
Deliverables

Consumer Label

Single-number ratings

Certificate

Available online to
confirm validity

Summary Report

Summary of testing
Power curve

Annual energy curve
Tabulated Data

Small Wind Certification Council
Certified Small Wind Turbine

Manufacturer/Model

Bergey Windpower Company

Excel 10 (240 VAC, 1-phase, 60 Hz) CERTIEIED

SMALL WIRD TURBIME

WL

Rated Annual Energy ,
Estimated annual energy production assuming an
annual average wind speed of 5 m/s (11.2 mph), 13, 800
a Rayleigh wind speed distribution, sea-level air
kWh/year

density and 100% availability. Actual production

will vary depending on site conditions.

Rated Sound Level

The sound level that will not be exceeded 95% of
the time, assuming an annual average wind speed dz -9
of 5 m/s (11.2 mph), a Rayleigh wind speed

distribution, sea-level air density, 100% dB{A:I
availability and an observer location 60 m [~ 200

ft) from the rotor center.

Rated Power
The wind turbi pwer output at 11 m/s
e wind turbine power output a m 8-9

[24.6 mph) at standard sea-level conditions.

Certified to be in Conformance with: kw
AWEA Standard 9.1 = 2009

For a summary report and SWCC Certificate visit:

www . smallwindcertification.or




Two Fully Certified Turbines

Applicant Turbine Rated Annual Rated Rated Power | Certification
Energy Sound @ 11 m/s Granted
@ 5m/s Level

Bergey Excel 10 13,800 kWh 42.9 dB(A) 8.9 kW 11/16/2011
Windpower Co.

Southwest Skystream 3,420 kWh 41.2 dB(A) 2.1 kKW 12/19/2011
Windpower 3.7
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Under Contract

Under Test

CTC

SWCC Activity
Updated: 24Sept2012

CTC: Conditional Temporary Certification
LPP: Limited Power Performance

LPP

Fully Certified
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Extension is a Division of the Institute of Agriculture and Natural Resources at the
University of Nebraska—Lincoln cooperating with the Counties and the United
States Department of Agriculture.

University of Nebraska—Lincoln Extension educational programs abide with the
nondiscrimination policies of the University of Nebraska—Lincoln and the United
States Department of Agriculture.
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