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Reality Math 
Dot Sulock, University of North Carolina at Asheville 
 
Wind Power 
 

 
 
 1.  Revenue from a Wind Turbine 
 
 In order to know how many kilowatt-hours of electricity this turbine can produce, 
we need to know something about the reliability of wind.  If you have already done the 
PV unit, questioning the reliability of the wind is like finding out how many peak hours 
of sun are available.  Sometimes the wind is strong enough to produce the rated 
maximum 1.5 MW that the turbine is sized for, but sometimes the wind blows at lower 
speeds with less electricity produced, or the wind might not be blowing enough to 
produce any electricity at all. 
 
Because wind turbines aren’t cheap, large turbines are only installed in areas with good 
wind potential.  The industry estimates an average production of 25% of rated maximum.  
25% is called the capacity factor for wind.  Some turbines have a less than 25% average 
production and some, especially off-shore in the ocean, have a more than 25% 
capacity factor.  
 

1000 KW = 1 MW 
(kw) x (hrs) = kilowatt-hours (kWh) 

(MW) x (hrs) = megawatt-hours (MWh) 
 

1.  (a)  How many MW of electricity will a 1.5 MW wind turbine produce on  
  average all the time?   
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 (b)  How many kW of electricity will a 1.5 MW wind turbine produce on  
  average all the time?  
 

2.   Households in the US use about 1 kW of electricity, so this turbine would  
  provide electricity for how many average US households?  

 
3.   (a)  About how many kWh of electricity would a 1.5 MW wind turbine  

  produce in one year?  
 (b) If electricity sells for 10¢/kWh retail, calculate the annual revenue  

  from a 1.5 MW wind turbine.  
 (c)  Could a utility afford to pay a farmer $5000/yr to have the wind  

  turbine in his corn field? 
  

 Probably you are wondering how much these wind turbines cost!  A reasonably 
authoritative source on Google Answers claims that wind turbines over 1 MW cost about 
$750 per kW rated maximum to buy and install. 
 
 4.   (a)  Estimate the cost for a 1.5 MW wind turbine including installation. 

 (b)  Ignoring variable costs (overhead, maintenance, etc.), estimate how  
  many years it would take to payback the cost of the wind turbine from its  
  revenues. 
 
 2.  Comparing Household Electrical Usage in Scotland and the US 
 
 Look carefully at the traffic in the picture.  How can you tell that the picture was 
not taken in the US?  The wind turbine is in Europe somewhere, perhaps in Scotland.  A 
renewable energy project at the University of Strathclyde in Glasgow, Scotland, states 
 
“Throughout this website it is intended to take an average annual household electricity 
consumption of 3,880kWh.” 
http://www.esru.strath.ac.uk/EandE/Web_sites/01-02/RE_info/hec.htm 
 

5.  (a) Using 1 kW as average US household electrical demand (which is  
  actually  a bit of an underestimate), an average US household consumes  
  how many kWh of electricity in a year?  

 (b) So US households on the average use how many times the electricity  
  of Scottish households using the figure given by the University of   
  Strathclyde?  

 (c)  Reflect.  Why do US households use more than twice the electricity of 
  those in Scotland?  (Don’t just say we are wasteful.  There are several  
  valid reasons for this difference.  Give one. ) 

 (d) If Scottish households use 3880kWh per year, how many kilowatts are  
  they using steadily on average? 

 (e) If the turbine in the picture is in Scotland, how many households can a  
  1.5 MW turbine support?  

 (f) How many US households would be supported by this turbine? 
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 3.  Determining the Actual Capacity Factor of a Wind Turbine 
 
 Suppose you put up a 1.5 MW wind turbine.  If the wind were blowing strongly 
all year long (this doesn’t happen anywhere), your turbine would generate 
 
 1.5 MW x 24 hours x 365 days = 13,140 MWh      (won’t happen!) 
 
Professionals estimate that a wind turbine will generate about 25% of its theoretical 
maximum.  The 25% is called the capacity factor of the turbine.   The capacity factor can 
be higher or lower than 25%.  It depends on the location and the turbine.  So how many 
MWh would a 1.5 MW turbine actually generate in a year, being realistic? 
 
 1.5 MW x 24 hours x 365 days x 0.25 = = 3,285 MWh more or less 
 
 6.    Suppose the turbine above actually generated 3,465 MWh, what was  
  its actual capacity factor?  (more than 25%!) 
 
How do you determine the actual capacity factor of a wind turbine? 
 

 
actualproduction

theoreticalmax production
= capacityfactor  

 
The town of Hull, Massachusetts, has two wind turbines.  See their website with great 
pictures and videos:  www.hullwind.org.  As of June 8, 2013, they give the following 
information:      
 
Hull Wind Production 
8 June 2013 Hull 1        0.66 MW Hull 2                           1.8 MW 
Total Generation – 
      kWh 

17,210,661 25,600,000 (estimate) 

Days Commissioned 4,181 2,592 
Capacity Factor 26.0% 22.9% 
 
 7.  Show the calculations for the actual capacity factors of 
  (a)  Hull 1  Theoretical max production 
     = 0.66 MW x 24 hrs/day x days commissioned 
  (b)  Hull 2 
 At 14¢/kWh, the 2012 cost of electricity in Massachusetts, what is the   
 total value of all the electricity that has been generated from  
  (c) Hull 1  
  (d) Hull 2?   
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Dr. Louis Mes has a 10 kW Bergey wind turbine installed at his home in Haywood 
County, North Carolina.  Only 14,000 kWh are produced annually from this turbine. 
  
 8.   (a)  A 10 kW turbine would be expected to produce how many kWh/year? 
  (b)  Determine the actual capacity factor for his turbine. 
  (c)  Is his actual capacity factor low, average, or high? 
 
 5.  Cape Wind 

 
 “Cape Wind is proposing America’s first offshore wind farm on Horseshoe Shoal 
in Nantucket Sound. Miles from the nearest shore, 130 wind turbines will gracefully 
harness the wind to produce up to 420 megawatts of clean, renewable energy.  In average 
winds, Cape Wind will provide three quarters of the Cape and Islands electricity needs.” 
http://www.capewind.org/article24.htm 
 
“How much electricity will Cape Wind provide? 
Cape Wind will be rated to produce up to 468 megawatts of wind power as each wind 
turbine will produce up to 3.6 megawatts... Average expected production will be 170 
megawatts which is almost 75% of the 230 megawatt average electricity demand for 
Cape Cod and the Islands of Martha’s Vineyard and Nantucket.” 
http://www.capewind.org/FAQ-Category4-Cape+Wind+Basics-Parent0-myfaq-
yes.htm#21 
 
 9.   (a)  How was the maximum 468 MW figure obtained?  
  (b)  Estimate the average production of 130 3.6 MW turbines. 
  (c) Is the average production figure given in the article lower, similar to,  
  or higher than your estimate? 
  (d)  What was the estimated  capacity factor used for their estimate? 
  (e) Reflect.  Offshore wind turbines usually have higher capacity   
  factors than land wind turbines. Why?  
  (f) Reflect.  Why? 
 
 6.  Offshore Wind in Denmark 

  
 “The Danish energy plan, Energi21, from 1996 set up a target for 4,000 MW 
offshore wind power in 2030. These 4,000 MW are expected to produce 13.5 TWh per 
year equivalent to 40% of the Danish electricity consumption.” 
http://www.windpower.org/en/pictures/offshore.htm 
Check their arithmetic.  1000 MWh = 1 GWh 1000 GWh = 1 TWh 
 
 10.   Estimate the annual production of 4000 MW of off-shore wind turbines.   
  Use the off-shore capacity factor used for Cape Wind from 9. (d). 
  (a)  in MWh 
  (b)  in GWh 
  (c)  in TWh 
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  (d)  How does your calculation compare with that given in the quote  
  above? 
  (e)  Determine the estimated capacity factor used for their estimate. 
  ( 
  
 


