
AP Environmental Science 

Wind Power Lab: Power Vs. Wind Speed 
 

In this lab you will examine the relationship between the power output of a small wind turbine and wind speed.  
You will measure the power output of the wind turbine using a digital multi-meter that is attached to an electric 
circuit.  Wind speed will be measured using an anemometer.  You will record data in half-meter intervals over-a-
distance-of four meters.    
 

Current: The rate at which charge flows through a circuit; measured in amps (A). 
 

Electric Potential (Voltage):  How much energy is available to push each charge; measured in volts (V). 
 

Power: The rate at which energy is transferred; measured in watts (W) or Joules/second. 
 

Power = Current × Electric Potential 
 

OR 
 

Watts = Amps × Volts 
 

Procedure 
To begin, turn on the fan (level 3), place it at the 0.5-meter mark and adjust the blade pitch (angle) until your 
turbine is spinning at a maximum speed and shows the highest achievable voltage on the multi-meter.  Now you 
are all set to begin data collection.  Record wind speed, volts, and amps at half meter intervals over four meters; 
you will need to collect volts and amps separately.  Start by setting the multi-meter to V —  at 20 • to collect the 
voltage data.  After you have collected voltage, switch the multi-meter to amps; A — at • 200 m.  This is 
milliamps, a thousandth of an amp, so you will need to convert to amps by moving the decimal three spaces to 
the left when recording the data in the data table.  Repeat the steps above to collect the data.   
 
 

à Answer all questions on loose-leaf paper and staple it to this sheet. 
 

1) Describe the blade pitch that yields the maximum rotational speed. 
 

Data Collection 
Use the procedure modeled by your instructor to collect data and record it in the following data table. 

Distance (m) Wind Speed (mi/h) Voltage (V) Current (A) Power (W) 
0.5     
1.0     
1.5     
2.0     
2.5     
3.0     
3.5     
4.0     

 
Data Analysis 
1) Using Excel or Google Sheets graph the power output of the wind turbine as a function of wind speed.  Be 

sure your graph includes all necessary components.  Print your graph and staple it to this sheet.   
1)  

2) Based on your data, what is the relationship between power and wind speed? 
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Application 
Modern automated wind turbines adjust to conditions to achieve optimal power output.  Blade-pitch 

(angle) control regulates the amount of power extracted from the wind by optimally orienting or adjusting the 
angle of the blades to the airflow, while yaw control turns the turbine, keeping it pointing into the wind. Pitch 
and yaw controls work together to maximize turbine energy output under changing wind speed and direction.   

Wind turbines are often rated by how much power they produce at peak output, often called rated output 
power.  At the rated output power, the turbine generates electricity at its maximum, or optimum capacity.  A 
General Electric (GE) 2.5 XL (Figure 2) will produce 2,500 kW in a 30-mph wind.  All turbines are rated using 
power curves (Figure 1). These curves describe the power output of a wind turbine over a range of wind speeds.  

When the wind speed is great enough to propel the turbine blade, the turbine comes on and starts to 
produce power. This is called the cut-in speed. However, at a certain point the curve flattens, this point is called 
the rated output power and the wind speed at which it occurs is called the rated wind speed.  This point is the 
maximum power output of the turbine.  The turbine will continue to rotate faster as wind speed increases, yet 
produce no additional power beyond the rated wind speed.  If the blades are allowed to continue spinning faster 
and faster the turbine could be damaged. To avoid damage in excessively high winds, turbines have mechanisms 
to shut off when high winds threaten to damage them. This is called the cut-out speed (or cut-off).  The GE 2.5 
XL’s cut-out speed is about 55 miles per hour. Hydraulic braking systems and pitch and yaw controls are used to 
slow and stop blade rotation.  

 

 

	

Figure 1. Power curve for GE 2.5 xl Wind Turbine Figure 2. Picture of GE 2.5 xl  
 

Assume these assumptions to answer the following questions: 1 meter = 3.28 feet; 5,280 feet = 1 mile 
 

3) On the graph in Figure 1 (above), mark and label the location on the power curve line where you think the 
cut-in speed should be.  What is this speed in miles per hour?  

4) On the graph in Figure 1, mark and label the rated output power and rated wind speed.  What is the rated 
wind speed in miles per hour?  What is the rated power output in kilowatts?  

5) What is the cut-out speed in meters per second? On the graph in Figure 1, mark and label the location of the 
cut-out speed on the power curve line.  

6) Based on what you observed during the lab, how do you think adjusting blade pitch can be used to shut 
down a wind turbine when it has reached its cut-out speed?   



AP Environmental Science 

7) If you wanted to build a wind farm to match the output of Cherokee Generating Station, how many GE 2.5 
xl Wind Turbines would it take to match Cherokee’s output of 502 megawatts (MW).   

8) What major limitation/disadvantage does wind power have versus coal? 
 
Smart Wind Power 
 Since 2011, three large wind farms have been built north of the town of Limon, in Eastern Colorado on 
Highway 71.  The National Center for Atmospheric Research (NCAR) in Boulder, Colorado uses artificial-
intelligence-based software, along with data from weather satellites and weather stations to make wind power 
forecasts of unprecedented accuracy.  This makes it possible for Colorado to use far more renewable energy, at 
lower cost, than utilities ever thought possible.  The amount of wind power has more than doubled since 2009.  
These accurate wind forecasts make it possible for utilities, such as Xcel energy, to plan ahead.  When the wind 
is not blowing they can burn coal or natural gas in traditional thermal power plants to meet the metro Denver’s 
electricity needs.   
 Until recently, power plant dispatchers could not trust wind forecasts, as they were often inaccurate; off 
by as much as 20%.  The solution was to have fossil-fuel plants idling, ready to make-up for the lack of wind 
power in a few minutes. This approach was expensive, and the more the system intended to rely on wind power, 
the more expensive it got.  Now, due to extreme accuracy, power plant dispatchers for Xcel Energy can rely on 
forecasts to match power production to electricity demand by turning power plants on and off and controlling 
their output.  On the good wind days Xcel Energy can shut down their fossil fuel power plants and use the wind 
farms to ensure that power supply matches demand: the output of a wind turbine can be changed almost 
instantly by angling the blades so they capture more or less wind. Computers at Xcel’s headquarters in Denver 
tell wind farms how much power to produce, and automated controls coordinate hundreds of turbines, changing 
output minute by minute if needed.  Extremely accurate wind forecasts, coupled with other smart technologies, 
can help us use more renewable energy and significantly reduce carbon dioxide emissions.   
 
9) Describe how Xcel Energy and NCAR are working together to use wind power to meet the Denver Metro 

Area’s electricity needs.   
 

Assume these assumptions to answer the following questions: 
       1 kWh = 3413 Btu’s 

1 lb. of coal = 5,000 Btu’s 
1 short ton = 2,000 lbs.  

1 short ton of coal = 5,720 lbs. of CO2 
 

10) How many kilowatt-hours of electricity will a small wind farm of 10 GE 2.5 xl wind turbines generate if 
operating at their rated output for 6 hours?   

 

11) How many pounds of carbon dioxide will this wind farm save from being emitted into the atmosphere in 6 
hours of optimal operation? 

 
 
  
 
 
 
 
 
 
 
 


