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Solutions to March 3 Homework Problems
1.
Go to the web site http://wind.nrel.gov/Web_nrel/ and download the three years of wind data for site ID 3393.  Compute the estimates of the Weibull scale and shape parameters, c and k, for the three-year data set.
[image: image3.wmf]I loaded the three data sets into three worksheets in a single Excel 2003 workbook.  (For Excel 2007, with I would have placed all three data sets on the same worksheet.)  For each worksheet I created three columns that computed ln(V), Vk, and the product, Vk ln(V) and took the sum of each column.  The sums of Vk obtained the value of k from a named cell in one worksheet.  In the screenshot of this workworksheet, shown in the figure at the right, this value of k is stored in cell F4.
The second row of the spreadsheet shown at the right has four cells that computed the terms necessary for the computation of k: the three sums ln(V), Vk and Vkln(V), and the count of all three data points.  There are in columns F through H of row 2.  Cell H4 then contains the formula to compute the estimate of k.
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I then used the goal seek took of Excel to perform the trial and error solution for k.  To do this, I placed a formula in cell G8 for the difference between the computed k in cell H4 and the value of k in cell F4 that was used in the calculating the sum of Vk.  I then used the goal seek tool, shown in the screen shot above, to set this cell equal to zero by changing the value of k used in the summations. 
Goal seek gave a converged solution with a k = 1.435.  This value of k was used in the formula to compute c.
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The figure below compares the observed frequencies and the fitted distribution.  The poor agreement between the observed frequencies in the histogram and the Weibull distribution suggests that an alternative analysis that examines the power in each frequency interval be used to compute the average power.
[image: image4.emf]Frequency Data vs Weibull
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The bars in the figure at the left show the observed frequencies in a range of speeds.  The plot of the Weibull distribution shows poor agreement with the data.  For example, the first bar shows that 2.9% of the observations had a wind velocity between 0 and 1 m/s.  (This plot was constructed with the histogram tool in the Data Analysis package of Excel.  There appears to be an error in that the initial bin for wind speeds between 0 and 1 m/s is plotted for a wind speed of 2 m/s.  However the data table, also prepared by the histogram tool, correctly shows that this is the bin for an upper limit of V = 1 m/s.  This is likely a plotting error in Excel which has trouble plotting bar charts and line charts on the same scales.

I also did the solution using Matlab.  When I downloaded the *.csv data files from the web site, each file opened in Excel.  I then copied the wind velocity data from the Excel files for each year into a single text file, windData.txt.  The next four lines show the Matlab commands (following the >> prompt) and results to load the wind data from the text file into the Matlab variable V and get k and c.
>> V=load('C:\Documents and Settings\lcaretto\windData.txt');

>> wblfit(V)

ans =

    8.8393    1.4352
The next six lines show the Matlab command and results to below to get the 95% confidence interval for the k and c parameters.
>> [param,ci]=wblfit(V)

param =

    8.8393    1.4352

ci =

    8.8073    1.4295

    8.8714    1.4408

This shows that there is a reasonably narrow 95% confidence interval: k = 1.4352(0.0056 and c = 8.8393(0.0320.
2.
Download the Excel workbook for wind probability from the course web site and determine the average annual power for the following turbine configurations.  Assume that all turbines have a nominal power coefficient (electricity out divided by wind power in) of 0.45.
	Turbine
	Power (kW)
	Rotor diameter (m)
	Cut-in wind speed (m/s)
	Cut-out wind speed (m/s)

	GE 1.5SLE
	1500
	77
	3.5
	25

	GE 1.5XLE
	1500
	82.5
	3.5
	20

	GE 2.5XL
	2500
	100
	3.0
	25

	Vestas V82-1.65 MW
	1650
	82
	3.5
	20

	Vestas V80-2 MW
	2000
	68
	4.0
	25


The results are shown in the table below.
	
Turbine
	GE1.5SLE
	GE 1.5XLE
	GE 2.5XL
	Vestas V82 1.65 MW
	Vestas V80 2 MW

	Power (kW)
	1500
	1500
	2500
	1650
	2000

	Rotor diameter (m)
	77
	82.5
	100
	82
	68

	Cut-in wind speed (m/s)
	3.5
	3.5
	3.0
	3.5
	4.0

	Cut-out wind speed (m/s)
	25
	20
	25
	20
	25

	Power in wind (KW)
	4285.2
	4919.3
	7227.6
	4859.8
	3342.0

	Maximum power captured (KW)
	1928.4
	2213.7
	3252.4
	2186.9
	1503.9

	Average operating power (KW)
	636.8
	627.9
	1069.2
	662.5
	674.1

	Annual energy (MWh)
	5578.2
	5500.5
	9365.8
	5803.4
	5905.0

	Capture rate
	33.0%
	28.4%
	32.9%
	30.3%
	44.8%

	Capacity factor
	42.5%
	41.9%
	42.8%
	40.2%
	33.7%


The power in the wind and the maximum power captured are proportional to the rotor area.  They do not depend on the turbine operation.  The average operating power depends on the cut-in and cut-out speeds as well as the effect of the wind profile on the actual turbine operation.  The average power is similar for all turbines except for the GE 2.5XL which produces much more power because of its higher generator size and higher rotor diameter.  The Vestas V80, which has a small rotor diameter for its output power because it is designed to operate in high winds, does not produce much more energy than the other turbines despite its higher maximum power output.
The GE 2.5XL turbine produces (9365.8 MWh) / (5578.2 MWh) = 1.68 times as much energy as the GE 1.5SLE turbine with a size that is (2.5 MW) / (1.5 MW) = 1.67 times as large.  Since the initial purchase price of equipment scales as the equipment size to some power less than one, the GE 2.5XL turbine would likely be more cost effective than the 1500 kW GE turbines.
The analysis with the fitted Weibull distribution tends to understate the power in the lower wind velocities and overstate the power in the intermediate velocities.
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