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Science & Technical Considerations  

for Wind Turbine Siting 
 
Our goal was to create high school and community college curriculum relating to technical and 
scientific considerations for siting wind farms.  We have created a program, consisting of 
modules, which examine different concerns involved when siting wind turbines.  The modules 
can be used together or by themselves in various types of classes.   
 

 

Ryan Light, Eastern Iowa Community College, Davenport, IA 
Ryan is the new EICCD Renewable Energy teacher and is currently 
organizing the new program, which will be taught at the Scott 
Community College Blong Technology Center and will train students 
for positions in the renewable energy fields of wind, solar and 
biofuels. Ryan has worked in renewable energies for years, including 
in Western Africa countries. His development of the Turbulence 
activity indicates Ryan's experiences with part of the practical 
thinking, based on technical data, which must go on during siting of 
wind turbines.  

 

Christopher Quarles, Everett Community College, Everett, WA 
Chris has taught a large range of college and pre-college level math 
courses, all of which were equally important to him.  “Math: A 
Practical Art” was probably the most fun!  Chris has experience in 
curriculum development and spent a year on a fellowship working 
with elementary school teachers to help them introduce a new 
curriculum and become more comfortable with mathematics.  He is 
involved in determining community demand for green jobs and is on a 
sustainability committee at the college.   
 

 

Russ Smith, El Paso Community College, El Paso, TX, 2003, 2004, 
2008 Fellow 
Russ has taught science courses (Physical Geology and Historical 
Geology) and Environmental Technology courses, such as Hazwoper 
(i.e., Hazardous Waste Operations), ISO 14000, Environmental 
Regulations, and Environmental Sampling.  Among his other projects, 
Russ has been Director of a Brownfield Worker Training Program, has 
served as member of the El Paso City Brownfields Advisory Board, and 
is currently developing an alternative energy research project for 
Ph.D. dissertation. 
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Classroom Modules 

Below you'll find links to the different projects/modules we have created.  Each is suitable to a 

science, math, or energy technology classroom.  Not every module will be suitable for every 

type of classroom.  Feel free to mix, match, and/or edit these to suit the needs of your 

classroom.  You can take one or many of these to use. 

 

Wind Power Classifications 

Wind power is classed from 0 to 7. Students look at the map locations of the various classes 

around the United States and consider which are useful for wind power generation. 

 

Offshore Turbine Tower Foundations 

Learn about the three most common offshore turbine foundations and look for possible sites. 

 

Wind Speed Lab 

Wind Speed Lab Data Sheet 

This lab is suitable for a science classroom.  Students will gather data relating to wind speed vs. 

height or wind speed vs. time-of-day.   

 

wind_shear_coefficient.doc 

Students analyze data and analyze equations involving exponents and logarithms.  Students 

need to know how to work with logarithms algebraically.  This module will work for a math class, 

but also may be appropriate for a science class with mathematically sophisticated students. 

 

Turbulence 

Students examine turbulence and its relation to wind turbines. 

 

Further Information 

Links related to the technical issues involved in siting wind farms. 
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An Introduction to Wind Power Classes 

Wind power is the amount of energy available in a given area due to the wind speeds at a given 
height.  Wind speed is measured in meters per second (m/s) or miles per hour (mph).  Wind 
power is divided into eight classes ranging from 0 – 7 on a wind map.  A wind map is a map with 
colored areas that indicate the potential wind speeds at various heights.  Elevation directly 
relates to wind speed and therefore wind power.  
 
Wind power classes of 1 or 2 are generally suitable for a small wind project.  Small wind refers to 
turbines with blades of 4 to 20 feet in length with enough power output to power a single 
home.  These require only moderate wind speeds.  Wind power classes from 3 and above are 
those that can produce enough energy to make the installation of a mid to large scale wind 
turbine economically feasible.  Mid to large scale wind turbines have blades of 30 to 100+ feet in 
length with enough power output for 40 – 600 homes.  These require much faster and more 
consistent wind speeds.  
 

Wind Power Class Wind Speed (m/s) Wind Speed (mph) 
Feasible Project Type 

1 
 

<5.6 <12.5   
 

2 5.6 - 6.4 12.5 - 14.3 Small Wind 
 

3 6.4 - 7.0 14.3 - 15.7 
  

Community  
   

and  
   

Commercial  
Wind 

   

 
4 7.0 - 7.5 15.7 - 16.8 
 

5 7.5 - 8.0 16.8 - 17.9 
 

6 8.0 - 8.8 17.9 - 19.7 

7 > 8.8 >19.7 
Source: Bergey Windpower Company 
 
Exercise 
Visit either of the below sites to see a wind power map displaying power classes.  

 What parts of the country have the best locations (most wind energy) for wind power 
generations? What parts have the poorest?  

 Are the best locations close to the population centers of the country—are they close to 
the consumers?  

 Why would a utility company want to put a wind farm in a class 3 or 4 area rather than 
using only class 6 or class 7 locations? 

http://rredc.nrel.gov/wind/pubs/atlas/maps/chap2/2-06m.html 
http://www.nooutage.com/images/map-wind-annual-avg-us2.gif 

http://rredc.nrel.gov/wind/pubs/atlas/maps/chap2/2-06m.html
http://www.nooutage.com/images/map-wind-annual-avg-us2.gif
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Offshore Turbine Tower Foundations 

Learning objectives.  

 The three most common types of offshore wind generator foundations. 

 An introduction to marine charts. 

 An introduction to wind power classification maps. 

 Making decisions with limited data  

 

Offshore wind farms are a rapidly growing area of development and for many coastal states are 

the best locations. Offshore locations have the advantages of few if any obstructions near the 

turbines, no concern for noise or shadow effect on nearby neighbors and often simpler site 

acquisition than onshore sites. The disadvantages include hazards to shipping, deep water and 

remoteness from the electrical grid and end users of electrical energy. 

A major consideration is the water depth—the deeper the water, obviously, the more expensive 

and complex the foundation structure. There are three general foundation types in general use. 

 Monopile—A cylindrical steel monopile that is most common and cost effective. 

Typically, these are driven into the sea floor. The seabed does not require preparation, 

but a rocky bottom or hard bedrock layers may increase installation complexity and 

costs. Monopiles are suitable for water depths of 5 meters to 20 meters. 

 Gravitation—This foundation is simply a structure made of concrete and steel that sits 

on the sea floor. Gravitation foundations are suitable for water depths of 2 meters to 10 

meters and become very expensive in water deeper than 15 meters. 

 Tripod—Tripod foundations are anchored by driving pilings into each leg. As with 

monopiles, rocky seafloors can be a problem. Tripods can be a hazard to vessels if used 

in water more shallow than 10 meters. Tripods are suitable for water depths of 10 

meters to 30 meters. 

In water deeper than 30 meters the cost of foundations can be prohibitive. Other types of 

foundations are under development. 

Exercise: 

Go to the site below to view a marine chart in Nantucket Sound south of Cape Code. The water 

depths are shown in feet. The Massachusetts 50 meter wind power map (showing wind classes) 

of this area is shown below. (The marine chart is the area around the island shown in the lower 

right corner of the wind power map.) 
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Choose any of the shoals depicted on the chart and, based upon water depth, recommend a 

tower foundation. In many cases more than one foundation will be suitable. Is this area a good 

place, based upon wind power, to locate an offshore wind farm? Are there any shoals that are 

more suitable than others based upon the wind class? 

http://www.charts.noaa.gov/OnLineViewer/13237.shtml  

 

 

http://www.charts.noaa.gov/OnLineViewer/13237.shtml
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Wind Speed Lab 

For the Teacher 
 
Description: 
 
 Students will gather wind speed data, and then analyze it using Excel.   
 The goal is to examine wind speed as a function of either height or time of day.   
 
Learning Objectives: 
 

 Gather wind speed data (dependent on equipment and situation) 

 Graph wind speed data 

 Analyze wind speed data 
 
Materials:  
 

 Wind Speed Lab Data Sheet 

 Pencil/Clipboard 

 Anemometer(s)to measure wind speed, most likely placed in advance 

 A spreadsheet program 
 
Anemometer Placement: 
 
 Ideally, anemometers will be placed in a flat, open area with very few obstructions.  
However, practical placement will vary by school and resources.  Professional wind turbine 
technicians use tall towers with complex, expensive anemometers.  Inexpensive anemometers 
for a science classroom can be found online.  To measure wind velocity versus height, multiple 
anemometers should be placed at different, preset heights.  Placing anemometers near 
obstructions may cause extremely chaotic behavior and make data useless.   
 
Other suggestions: 

 Look for tall, solitary structures on your campus.  A tall, unused flagpole may work. 

 Your local power or telephone company might place the anemometers on their 
telephone poles. 

 Talk to your maintenance people.  They may have ideas, and should probably be 
informed regardless. 

 If you have the room, you can use screw-together fence poles with guy wires to mount 
the anemometers. 

 Some schools already have weather monitoring stations.  You may be able to get 
anemometer data.  This neglects student data-gathering, but may be useful an easy way 
to gather data. 

 If you find it impossible to take data at your school, students can find wind data from a 
local airport or National Weather Service monitoring station. 
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 It might be beneficial to students to have an in-class discussion of where the 
anemometers should be placed. 

 
Methodology: 
  
 Students should gather data.  If gathering data by height, readings should be taken at 
the same time every day.  If gathering data by time of day, different classes can be used to take 
data at different time points.  Make sure students list the units.  If possible, at least 16 velocity 
speeds at each height/time point should be measured. 
 
Analysis: 
 
 Have students enter data in Excel.  Below are four sections with different types of 
analyses.  Feel free to mix & match the sections you use. 
 
Further Potential Directions: 

□ Students could make predictions of the temperature at greater heights using the wind 

shear coefficient.  (Requires data from anemometers at multiple heights.  Or just use  = 
1/7.) 

□ Other variables (such as wind direction, temperature) may be examined if the teacher 
has interest/equipment/knowledge. 

 
 
Questions/Modules for Students 
 
A. Turbulence Intensity 
 
 An important question to examine is, “How much turbulence is there?”  Did you get 
steady winds or did you get rapidly changing winds?  Standard deviation is a tool statisticians 
use to measure how much numbers vary.  A larger standard deviation means that the wind 
speeds varied a lot.  But it’s not enough to measure how much your wind speeds varied.   
 
1. In which situation do you think the winds were steadier: (i) If the standard deviation was 5 
miles/hour, and the average speed was 10 miles/hour or (ii) If the standard deviation was 5 
miles/hour, and the average speed was 40 miles/hour? 
 
 
2. The turbulence intensity (TI) is the amount the wind speed varies, accounting for how strong 

the wind speed is.  The TI =
speed)  wind(average

speed)  windofdeviation  (standard
.  We would like to calculate 

this using Excel.  The command STDEV gives the standard deviation, and the command AVERAGE 
gives the average.   
 (i) Make sure all the data values at a given height/time in a row.   
 (ii) Calculate the Turbulence Intensity using Excel.  For instance, if your data is in cells A2 
to A20, enter  
 
    =STDEV(A2:A20)/AVERAGE(A2:A20) 
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3. Low turbulence is a TI < 0.1.  Medium turbulence is a 0.1 < TI < 0.25.  High turbulence is TI > 
0.25.  Did you have low, medium or high turbulence? 
 
 
B. Scatterplots 
 
1. Use Excel to graph all the valid measurements that you took.  Make your horizontal axis either 
height/time of day.  Make your vertical axis wind speed.  Make sure to carefully label the chart 
and axes and make your graph readable to someone walking off the street. 
 
2.  You should have a bunch of points scattered around.  Do you see any trends? 
 
3. Summarize in a paragraph what you see happening.  Include anything you think is noteworthy 
and why you think the data is the way it is (if you have an idea). 
 
4. (a) Use Excel to create a trendline.  Which type of trendline is appropriate?  Linear?  
Quadratic?  Power?  Something else?  None? 
 
(b) Is your trendline a good fit? 
 
 
C. Average Wind Speed 
 
1. Use the AVERAGE function in Excel to find the average wind speed for each height/time point.   
 
2. Graph the average wind speed as a function of height/time. 
 
3. Summarize in a paragraph what you see happening.  Include anything you think is noteworthy 
and why you think the data is the way it is (if you have an idea). 
 
 
D. Siting a Wind Turbine 
 
 Is the place where you put your anemometer a good site for a wind turbine?  That’s a 
very complicated question.  Finding the answer involves a number of different factors – wildlife 
considerations, zoning regulations, effect on people, noise.  Right now we will just look at 
whether there is sufficient wind power for a turbine. 
 
1. (a) Go to www.bergey.com. 
    (b) Click on “Technical Stuff” on the left navigation bar. 
    (c) Under “WindCAD Performance Models”, click on “10 kW Excel-S (Grid-Intertie)”.  The 
Excel-S is a turbine put out by the Bergey Windpower company. 
 
2. You should have a spreadsheet document open.  Take a look at the spreadsheet.  How does it 
work?  What formulas does it use that you understand?  What don’t you understand? 
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3. Enter the data under “Inputs:” 
□ You can calculate your average wind speed (at just one height) based on your data. 
□ Read the section at the bottom of the page to find out whether you Weibull K should be 

2, 3, or 4 
□ You should be able to find the altitude of your town or school on the internet.  This is 

your Site Altitude. 
□ You can use the Wind Shear Coefficient project to calculate the wind shear coefficient 

for your site.  Or use the suggestions that the spreadsheet gives. 
 
4. (a) How many kilowatt hours of electricity would your wind turbine generate in a year? 
 
(b) If electricity is $0.10 per kilowatt-hour, how much money would you save in power costs 
every year? 
 
(c) If it costs $75,000 to put up a wind turbine (including turbine, tower, foundation, labor), how 
long would the turbine have to run in order to pay off the cost of the turbine? 
 
(d) Would it be a good idea to put up a wind turbine at your site?  (Note that we’re discussing 
small-scale wind power.  The economics of utility-scale wind power are a bit different.) 
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Wind Speed Lab Data 

Date Time Height Wind Speed 
Other Notes 

(location, wind direction, 
other noticeable factors) 
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Wind Shear Project Outline 

Instructor Page 
 
Description: 
Students will study the relationship between height and velocity using the concept of wind 
shear.   
 
Concepts Covered: 

 Graphing data in a scatterplot 

 Analyzing a scatterplot to see if there is a pattern 

 Exploring a complicated mathematical relationship involving exponents numerically 

 Solving equations with logarithms 

 Simplifying algebraic expressions involving exponents 
 
Materials Required: 

 Calculator that can do exponents and logarithms. 

 Pencil 

 (Optional) Technology that can create power regression functions, such as Excel or TI-
83/84 calculators. 

 
Alternate Options: 
3(b) If students are comfortable using spreadsheets or graphing calculators with statistical 

capability, they can use technology to create a regression line.  This will give .  
 In Excel: Graph the data.  Add a “Power” trendline.  Make sure the equation is displayed 
on the chart. 
 On TI-83/84: Enter the data in Stat->Edit.  Under Stat -> Calc is PwrReg.  The syntax is 
“PwrReg L1, L2” 
 
Note: Students can use data from the Wind Speed Lab or from other data that they might find.  
The data chosen in this project was designed to fit the model.  Depending on your students’ lab 
skills and the environment where they took the data, their data may not match the model. 
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Wind Shear Project 
Student Page 

 
Wind speed tends to increase as you go upward.  But how fast?  If you double your height, do 
you double the wind speed?  (Proportional growth)  If you increase your height by 20 meters, do 
you increase your wind speed by a flat amount of, say, 3 miles per hour?  (Linear growth)  Does 
the relationship between height and wind follow some other, more complicated relationship? 
 This is a fairly important question for wind energy developers.  As the height of a wind 
turbine increases, the cost of building it increases but so does the wind speed (and therefore the 
power generated).  Knowing how fast the wind speed increases as the elevation increases is very 
important in making financial decisions about how tall the tower should be.  Furthermore, 
utility-scale wind turbines have huge ranges that their blades sweep out – sometimes upwards 
of 90 meters in diameter.  That is a circle with an area the size of a football field!  The difference 
in speeds between the top of the blades and the bottom of the blades can make the blades spin 
faster and create more energy.   
 

Wind shear is the term used to describe how the wind changes over a relatively small 
change in height. 

 
1.  Here is some data which relates elevation and average wind speed at a particular site. 
(a) Make a graph (scatterplot) of this 
data, using height as the horizontal axis. 

 
 
 
 
 
 
 
 

 
 
(b) Does the data appear to lie on a 
straight line? 
 
 
 
 
 
 
(c) Describe in words what you think the graph looks like.  (Give a qualitative answer.  No 
formulas are necessary.) 
 
 
 

Height 
(m) 

Wind 
speed 
(m/s) 

150 10.93 

120 10.62 

100 10.37 

50 9.41 

20 8.15 
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2. Engineers use the following equation to describe the relationship between height and 
velocity, where: 

     
1

2

1

2

v

v

z

z
    (Eq. 1) 

1v  is the wind speed at a height of 
1z  

2v  is the wind speed at a height of 
2z  

 is a constant called the wind shear coefficient.   
            

 is a constant which might vary depending on your geographic location.  It is dependent on a 
number of factors, including the altitude, composition of the air, and ambient temperature.  

Typically  is somewhere between 0.1 and 0.45. 
 

(a) Assume that the wind speed is 10 miles per hour at a height of 50 meters.  If  = 0.2, what is 
the wind speed at 100 meters? 
 
 
 
 
 

(b) Assume that the wind speed is 10 miles per hour at a height of 50 meters.  If  = 0.4, what is 
the wind speed at 100 meters? 
 
 
 
 
 

(c) Assume that the wind speed is 10 miles per hour at a height of 50 meters.  If  = 0.4, what is 
the wind speed at 150 meters? 
 
 
 
 
 

(d) Assume you have two locations: one with a large , one with a small .  On which site will 
the wind speed increase faster as you go up?  (i.e. which will have a greater wind shear?) 
 
 
 
 
 

(e) Assume  is unknown.  If you double your height, by what factor will your wind speed 
increase? 
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3.  (a) Use logarithms to solve Equation (1) for .   
 
 
 
 
 
 
 
 
 
 
 
(b) Take the data from problem 1.  Pick two points which are fairly far apart.  Plug them into the 

formula from 3a.  Find . 
 
 
 
 
 
 
 
 
(c) Use your answer from 3(b) to find a formula for the wind speed v at a height of z.  Your 

formula should be of the form 
1

1
z

z
vv   or zCv  after you simplify.  

 
 
 
 
 
 
 
 
 
(d) On your scatterplot, graph the curve that you get from problem 3(c).  Try to be very precise. 
 
(e) Does the curve fit the data reasonably well? 
 
 
 
 
(f) What do you think is the average wind speed at a height of 80 meters? 
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Turbulence 

Have you ever stood downwind of a building to get out of the wind?  Physical objects like 

buildings and trees not only stop wind, they disturb it.  Turbulence is what results when a steady 

wind flow is interrupted.  The wind direction and speed can vary drastically and chaotically 

within the matter of a very short distance.  In the wind industry, turbulence can cause large 

problems.  For instance, you don’t want to install a wind turbine too close to a tree.  The 

constantly changing, turbulent winds coming off of the tree will cause a lot of stress on the 

turbine.  Turbulence can cut the life span of a turbine from 20 years to 6 years.  If you plan to 

put a new turbine up when the old one fails, that’s tripling your costs. 

 

prevailing 

   wind      

 

          

           

            

       

 

 

In this project, imagine that you are a small wind turbine installer.  You would like to minimize 

the turbulence that affects your wind turbine.  If there are obstructions (buildings, trees, etc) 

upwind of where you want to place the turbine, you need to have one of the following two 

conditions satisfied: 

1) The blades of a wind turbine need to be at least 30 feet above any obstructions.  (In 
general the further the turbine is above the obstruction, the better.) 

2) If the obstruction is over 30 feet tall, then the horizontal distance between the turbine 
and the obstruction must be at least ten times the height of the obstruction. 
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1. Assume you have a house with height H feet.  You would like to put a wind turbine downwind 

of the house.   

(a) Draw a horizontal view picture of the house and the turbine which demonstrates condition 

(1).  Imagine you are drawing the picture for a brochure about how to site wind turbines.  Make 

sure to label your picture well. 

 

 

(b) Using condition (1), find an algebraic expression for the minimum height of the wind turbine 

downwind of the house. 

 

(c) Draw a horizontal view picture of the house and the turbine which demonstrates condition 

(2).  Imagine you are drawing the picture for a brochure about how to site wind turbines.  Make 

sure to label your picture well.  Assume H is greater than 30. 

 

 

(d) Using condition (2), find an algebraic expression for the minimum horizontal distance 

between the turbine and the house.  Assume H is greater than 30. 

 

2. Attached is an overhead map of a site where you would like to put a 100 foot tall wind 

turbine.  Assume that the wind on this property usually blows at a constant speed out of the 

NW, and that the owner of the property doesn’t want the turbine within 100 feet of any part of 

a building.  Using conditions (1) & (2): 

(a) Shade the areas where you can NOT put the turbine. 

(b) Discuss with your group where you think the best location to place the turbine is.  Make 

conditions (1) & (2) and the homeowner’s condition the primary things you consider.  However, 

there are other considerations, for instance: location of utility lines, cost of running electric 

cable, the wind won’t always blow out of the northwest, aesthetic considerations, sound. 
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Site Type Height Site Type Height 

1 Tree 60 ft 8 Building 40 ft 

2 Tree  55 ft 9 Tree 60 ft 

3 Tree 55 ft 10 Tree 50 ft 

4 Tree 75 ft 11 Tree 65 ft 

5 Building 40 ft 12 Tree 65 ft 

6 Building 30 ft 13 Building 25 ft 

7 Tree 55 ft 14 Tree 65 ft 
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Resources 

(Some of these links connect very slowly. It may be better to copy these web sites to your 

browser.) 

Why Wind Power 

Here is a wind power animation that speaks of the value and application of wind energy. 

http://www.energysavers.gov/your_home/electricity/index.cfm/mytopic=10501 

 

More Information about Small Wind 

The Bergey Windpower Company, Inc. of Norman, Oklahoma, specializes in home and small 

business wind turbines. Their website has much information that is readable and well organized. 

There are many good websites and the Bergey website is a good place to start to learn more 

about small. 

http://www.bergey.com/ 

 

Animation of Diurnal Sea Breeze Variation 

http://www.classzone.com/books/earth_science/terc/content/visualizations/es1903/es1903pa

ge01.cfm?chapter_no=visualization 

 

Southwest Wind Siting Guide 

http://www.windenergy.com/documents/guides/0372_Siting_guide.pdf  

 

 

National Renewable Energy Laboratory Wind Assessment Guide 

http://www.nrel.gov/wind/resource_assessment.html 

 

Tax Incentives from the Federal Government and States  

for Renewables and Energy Efficiency 

http://dsireusa.org/ 

 

 

http://www.energysavers.gov/your_home/electricity/index.cfm/mytopic=10501
http://www.bergey.com/
http://www.classzone.com/books/earth_science/terc/content/visualizations/es1903/es1903page01.cfm?chapter_no=visualization
http://www.classzone.com/books/earth_science/terc/content/visualizations/es1903/es1903page01.cfm?chapter_no=visualization
https://mail.epcc.edu/owa/redir.aspx?C=dae9baeaab2d4b96860246bb2972e782&URL=http%3a%2f%2fwww.windenergy.com%2fdocuments%2fguides%2f0372_Siting_guide.pdf
https://mail.epcc.edu/owa/redir.aspx?C=dae9baeaab2d4b96860246bb2972e782&URL=http%3a%2f%2fwww.nrel.gov%2fwind%2fresource_assessment.html
http://dsireusa.org/

