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Presentation Outline

• Power in the wind
• Wind syntax
• Siting of distributed turbines
• Wind Maps or Measurements
• How the wind resource and turbine power curve  = 

annual energy production
• Other considerations

– Steps for a Small Wind Project
– Overview of Net Billing
– Small Wind Certification (60 kW and less)
– Installer Certification (100 kW and less)

• Other sources of information

Presenter
Presentation Notes
This is the equation for the power in the wind.  (Don’t fear – there are only 2 equations in this presentation.)  Each of the terms in this equation can tell us a lot about wind turbines and how they work.  Lets look at wind speed (V), swept area (A), and density (Greek letter “rho,” ) one at a time.  

First, let’s look at wind speed, V.  Because V is cubed in the equation, a small increase in V makes for a increase in power.  (illustrated on next slide)

(Click on the links at the bottom to get the values of both k and .)
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Calculation of Wind Power

•Power in the wind  =  ½ ρ A V3

– Effect of wind speed, V
– Effect of rotor diameter on swept area, A
– Effect of elevation and temperature 

on air density, ρ
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Capacity Factor

Capacity Factor = 
kWh produced per year/(Prated * 8760 hours/year)

• Prated – rated power of the wind turbine
– Small Wind Turbines have wide variation

• Used to judge the site more than the turbine
• Can be evaluated across any period of time 

– Yearly, monthly or weekly
• Capacity Factor – typically ranges from 10 – 40%

– Small wind 9-22%
– Distributed wind 15-30%
– Windfarm 28-42%



• Is expressed in a fraction (98%)
– [total number of hours in a period (when the wind is high enough for the 

turbine to produce energy) – number of downtime hours]/total 
number of hours x 100%

• Reasons for less than 100% availability
– Scheduled maintenance and inspection
– Line outages
– Delays for parts or equipment
– Public relations (tours)
– Delays in responding to faults
– Etc.

5

Availability
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Importance of “Micro-Siting”

Presenter
Presentation Notes
“Micro-Siting” refers to how a wind turbine is placed on a given property. 
Trees and buildings are significant obstacles to the wind.
We can’t see it, but the region of disturbed flow downwind of an obstacle is twice the height of that obstacle and quite long.  For example, a 30-ft tall house creates a region of turbulence that is 60 ft high and 600 ft long (2 football fields!).  
This turbulence reduces power output from a wind turbine, and increases the stress and wear on that turbine.  
THE SOLUTION    Place the turbine upwind of obstacles (in the prevailing wind direction), or use a tower twice the height of the obstacles, or both.  
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4.4% capacity factor 
in first year of operation

(July 2007)



Estimated 7% capacity factor 
in first 5 months of operation

(December, 2006 – April, 2007)



Frequently Asked Questions - Siting
• Radio/TV Interference:   Not a problem with today’s 

fiberglass or wood blades (no metal blades!)
• Noise:

– < 30 mph, soft “swoosh” sound
– > 30 mph, can get either “flutter” or 

a “helicopter” sound
– Noise test reports on the Web:

http://www.nrel.gov/docs/fy04osti/34662.pdf

• Impact on Birds:   Bird kills are rare, use common sense 
in siting turbines

• FAA Regulations:
– Proximity to local airport versus tower height
– Investigate if within ~3 miles

Presenter
Presentation Notes
RADIO/TV INTERFERENCE  --  Metal blades, no longer used in the wind industry, can cause radio/TV interference.  But, the “composite” blade materials being used today do not.
IMPACT ON BIRDS  --  “common sense” means to observe how birds use a particular property and to avoid placing a turbine adjacent to features that attract frequently birds to feed, water, roost, etc..

http://www.nrel.gov/docs/fy04osti/34662.pdf�




Sources of Wind Data
Wind Maps (Static and interactive)

• State wind maps: 
http://www.eere.energy.gov/windandhydro/windpoweringamerica/wind_maps.asp

• 3TIER First Look: http://firstlook.3tiergroup.com/

• AWS Truewind Wind Navigator: http://navigator.awstruewind.com/

• Renewable Energy Atlas of the West: http://www.energyatlas.org/

• Some states have additional data.  Try searching the web site of your state energy office.

Sources of real data

• Real data from the area (airports, etc.).  Data quality will vary

• Consider on-site monitoring if your project is 50-100kW or larger

Cautions regarding wind maps

• Take seriously the uncertainties in the average wind speed values!

• The values assume good exposure to the wind 

http://www.eere.energy.gov/windandhydro/windpoweringamerica/wind_maps.asp�
http://firstlook.3tiergroup.com/�
http://navigator.awstruewind.com/�
http://www.energyatlas.org/�


Sources of Wind Data
Firstlook Screen Shots

Vavg = 4.4 – 6.4 m/s 
(9.8 – 14.2 mph)

Note the uncertainty 
range!



20m tower

40m tower

Take Measurements 
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Loggers

Towers



Wind Turbine Power Curve
Bergey 1500 (manufacturer’s data) 

Presenter
Presentation Notes


We start with a power curve.  A power curve has wind speed on the horizontal axis and wind turbine power on the vertical axis. For this example, I’m using a Bergey 1500.   (no longer on the market) 

To estimate annual energy production, we must account for the energy produced at each wind speed.  This is called the “Method of Bins.”  Note that the wind turbine power at 18 mph is about 0.6 kW.  (This is actually a wind speed “bin” going from 7.5 to 8.5 m/s.)



Wind Speed Frequency of Occurrence
Annual Average Wind Speed:  11 mph (5 m/s)

Presenter
Presentation Notes
We also need to know how long the wind blows at each wind speed.  This graph shows us the “Frequency of Occurrence” (hours per year) in each wind speed bin. 
At this site, the wind blows at 18 mph for about 660 hours each year.  (Note the the annual average wind speed for this site is 11 mph.)  




Annual Energy Production: 2,600 kWh/y
Bergey 1500 @ 11 mph (5 m/s) average wind speed

Presenter
Presentation Notes
For each wind speed bin, we multiply the wind turbine power by the frequency of occurrence …    kW times hours.  At 18 mph, we get 400 kWh.   (660 h) X (0.6 kW)
We add up the energy from each wind speed bin to estimate the energy production for a typical year…   2,600 kWh/y in this example.  
Had we relied only on the power curve and the annual average wind speed, we would calculate only 1,300 kWh/y.   (150 W) X (8760 h)   This underestimates the energy output by by a factor of 2!



Estimation of Annual Energy Production

Power
Curve

Frequency of 
Occurrence
(Rayleigh Distribution)

Annual 
Energy 
Production

Presenter
Presentation Notes
So, the “Method of Bins” is essential to accurately estimate the energy production.  
Wind turbine dealers can do this calculation for you.  
They will use a statistical estimate, the Rayleigh Distribution, for the frequency of occurrence.  It is a good estimate for most locations in the US.  
Bergey Windpower offers a spreadsheet on their Web site which you can use to do this calculation yourself.  It can also account for the reduced air density at your elevation.   
(www.bergey.com  --  look for “Technical Stuff” and “WindCAD Performance Models”)
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1. Assess your electricity consumption, cost, and 
your utility tariff 

2. Be more energy efficient  reduce your 
consumption

3. Estimate or measure wind resource
4. Select turbine size (model) and tower height
5. Investigate incentives & economics 
6. Get zoning approval

12 Step Program for a
Small Wind Project

Presenter
Presentation Notes
Click on the icons to jump to the desired PowerPoint file.
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Zoning Scenarios
1. No Zoning – Your local jurisdiction may not have exercised their 

authority to regulate land use.

For Jurisdictions With Zoning:
2. Wind turbine tower is allowed – common in agricultural zones?
3. Structures above 35 ft are not allowed – common in residential 

zones
– Obtain a “Variance” or a “Special Use Permit” 

(permission to violate the zoning code on one property)

– Hearing process can cost thousands of dollars and take 
several months

4. Work with the local jurisdiction to pass a small wind zoning 
ordinance  (broad application to many properties)
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Cost of
Money
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Speed

Electricity
$ Savings

Higher Values
DISCOURAGE

Wind
Generation

Higher Values
FAVOR

Wind
Generation

Cost of
Turbine

Cost to
Interconnect

Financial 
Incentives

Overall Economics of Wind Generation 
is Determined by a Balance of Factors



Federal Investment Tax 
Credits are available for 
turbines 100 kW and less.

May 11, 2010

Residential Wind Incentives
www.dsireusa.org
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Example:
Wind Turbine Installed Cost

Red highlights = Turbine System Cost
Updated: 5-Jul-07

High Cost Low Cost

Wind turbine & inverter $27,900 $27,900 $27,900
Tower (100 ft guyed) $9,200 $31,950 $7,400
Tower Wiring Kit $1,000 $1,140 $860
Shipping $1,500 $2,000 $1,000
Installation $8,000 $18,000 $2,000
Permits/Fees $500 $6,000 $0
Sales Tax, 2% $952 9% none

Total $49,052 $94,279 $39,160

Bergey Excel-S  (10 kW)

Presenter
Presentation Notes
This table is a summary of installed cost for a Bergey 10 kW turbine.  The columns on the right show how costs can vary.  Tower cost varies widely depending on the tower type and its height.  Installation costs may be low for a do-it-yourself installation, or higher for a professional installation.  Permits/Fees and Sales Tax can also vary over a large range.  
Notice that the costs can range from $30,000 to $60,000 (unit costs of $3,000 to $6,000/kW).




23

Small Wind Economics
Bergey Excel on 100ft Tower

Simple Payback
Bergey Excel, 100 ft Tower
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Wind Turbine Cost per kW
including turbine, tower, and inverter
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7. Complete a utility interconnection agreement
8. Obtain building & electrical permits
9. Order turbine and tower
10. Install the turbine
11. Commission the turbine
12. Perform periodic inspections & maintenance

12 Step Program for a
Small Wind Project

Presenter
Presentation Notes
Click on the icons to jump to the desired PowerPoint file.
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Permit Process

• Fees varies by jurisdiction:
~ $50 up to $6,000 (in California)

• Submittals:
– Site plan
– Structural analysis on foundation and tower, may require 

either wet stamp or dry stamp
– Electrical one-line diagram, UL label required for grid-

connected device (at least)
• Inspections



27

Maintenance, Warranty, and Lifetime

• “Low Maintenance” not “No Maintenance”
– Inspection and maintenance every 1-2 years
– Inspect mechanical and electrical connections, check for corrosion, 

check guy wire tension, inspect/replace leading-edge tape, etc.
– Beyond 10 years: blade or bearing replacement may be needed

• Warranties
– 2-5 years, coverage of materials and workmanship

• Lifetimes of 15 to 30 years with regular maintenance
“A wind turbine will see as many operating hours in 
one year as an automobile will see in 200,000 miles!”



Role of Small Wind Certification Council

• To certify that small wind turbines meet requirements of AWEA 
Standard

• To verify and certify test results

• SWCC initial scope:

– Newly manufactured turbines that fall under the IEC 61400-
2 limit of 200 m2 swept area, about 65 kW

– Grid-tied and off-grid turbines are eligible, but Standard 
does not cover electric water pumping wind turbines

– SWCC Board of Directors may consider expanding 
certification to larger turbines at a later date



SWCC certifies Mechanical Strength, Durability, 
Function & Performance of turbine system
to new AWEA standard

NRTLs certify Electrical Safety of Turbine &
Controller (new UL Standards in development)

PE certifies Tower & Foundation

NABCEP
certifies the Installer

NRTLs certify Inverter
to IEEE 1547/UL 1741

Wired per National Electrical Code (NEC) (new article in 2011)
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Presenter
Presentation Notes
Expand on this slide; SWCC and NRTLs can certify to the AWEA Std; NRTLs (UL and Intertek) can currently list the components and wind turbine system to standards which do not explicitly apply to small wind turbines, they have some descretion here so the requirements can differ by NRTL, new UL standards for the turbine and controller will be explicitly for small wind turbines and will help standardize electrical safety requirements; NEC currently does not explicity apply to SWTS, new article for SWTs will be in the 2011 code.




SWCC Certification Label
• SWCC Rated Annual Energy 

– (@ one-year average wind speed of 11.2 mph - may 
change)

• SWCC Rated Sound Level 

– (level not exceeded 95% of time with average wind 
speed of 11.2 mph)

• SWCC Rated Power 

– (@24.6 mph)
• Meets Safety and Durability Requirements



Test Organization
(field testing)

the Standard 

Certifies Compliance

Small Wind (60 kW and less) 
Certification Triad



SWCC Certification Applications Pending

Manufacturer Turbine

American Zephyr Corporation Airdolphin GTO

Bergey Windpower Co. Bergey 5kW & Bergey Excel-S

Cascade Engineering Swift Wind Turbine

Endurance Wind Power Inc. Endurance S-343

Enertech, Inc. Enertech E13

Evance Wind Turbines Ltd. Evance R9000

Eveready Diversified Products Kestrel e400i 3kW 250V & 48Vdc

Polaris America LLC P15-50

Potencia Industrial S.A. 10kW Hummingbird

Renewegy, LLC Renewegy VP-20

Seaforth Energy AOC 15-50

Southwest Windpower Skystream 3.7

Taisei Techno Co. TTK-10kW

UrWind UrWind O2

Ventera Energy Corporation Ventera VT10

Windspire Energy Windspire – 800040

Xzeres Wind Corporation ARE442
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• Congratulations to the first

NABCEP – Small Wind Update

• Dale Leroux
• Erika Weliczko
• Joseph 

DiFrancisco
• Lane Young
• Mick Sagrillo
• Owen Hyland

• Roy Rakobitsch
• Timothy Olsen

NABCEP Certified 
Small Wind Installers™



• Next NABCEP Small Wind 
Installer Exam

• Applications are due by 
January 14th, 2010

• Exam date is 
March 26th, 2011

NABCEP – Small Wind Update

Are you next?



New Technology Questions

• What is the performance?
– Power curve or annual energy output
– System performance (power to the grid)

• Was this performance measured in a field test?
– Not estimated, not from wind tunnel or truck testing

• Has this performance been independently verified?
• Is it labeled for compliance with UL 1741?

– For safe interconnection to the utility grid

• Is it compliant with an IEC design/safety standard?
• Who can provide parts and service?
• What is the warranty?
• Where has it been demonstrated?
• Is price estimated, or based on real manufacturing 

experience?

Presenter
Presentation Notes
FAA REGULATIONS  --  The link “~3 miles” goes to a graphic that illustrates the relationship between proximity to runway and allowable height of structures.  




Books by Paul Gipe
Available from Chelsea Green Publishing Co.

www.chelseagreen.com

Presenter
Presentation Notes
These books are clear and well-written, intended for the general public.
They can be ordered from the American Wind Energy Association:    www.awea.org
  … and from Chelsea Green Publishing Co.:   www.chelseagreen.com
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For More Information

- Wind Powering America –
www.windpoweringamerica.gov

- American Wind Energy Association –
www.awea.org

- Community Wind  - Windustry - www.windustry.org
- Incentives – www.dsireusa.org
- Small Wind Certification Council
- www.smallwindcertification.org
- North American Board of Certified Energy 

Practioners – www.nabcep.org
- Home Power Magazine www.homepower.com

http://www.windpoweringamerica.gov/�
http://www.awea.org/�
http://www.windustry.org/�
http://www.dsireusa.org/�
http://www.smallwindcertification.org/�
http://www.nabcep.org/�
http://www.homepower.com/�
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