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1. INTRODUCTION  

Surprising evolution of the last decade in the wind 

power industry has triggered the emergence of new 

technical challenges for both, operators of power 

systems and for developers of projects in the wind field. 

One of these challenges relates to the statistically 

analysis for relevant time intervals of wind parameters 

(e.g speed, direction, frequency, amplitude). 

Unlike the conventional power plants, where the 

electric generated power can be controlled or modified 

in any time through direct intervention in the values of 

the inputs, in generating plants using renewable energy, 

especially wind turbines, the control of the amount of 

flow energy can be exercised in a lesser extent, only by 

limiting the output power. The main factor contributing 

to this limitation of human intervention is continuously 

variability of wind speed, which is the raw material of 

the wind turbines. Therefore, a more complex and 

detailed analysis of how this parameter varies on short, 

medium and long time allow optimal decisions on the 

operation of a wind turbine in integrated system. 

A detailed analysis of wind values recorded in a 

specific location leads to the determination of some 

specific parameters that can be used into determination 

of optimal values for electrical power generated in each 

moment of time by wind turbine located in that area. 

This paper proposes an algorithm to analyze more 

detailed the registered wind data for a precise 

estimation of the generated power which can lead to 

optimal decision in the developing stage for a wind 

project. 
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 2. GENERAL CONCEPTS FOR WIND DATA 
PROCESSING 

Among the general methods used for statistical 

analyze of databases, was chosen for application that 

will be detailed in the ranks below a method of 

descriptive statistics, based on the determination of 

basic statistical indicators that were then used to 

analyze the time evolution of wind speed values. Using 

graphs to analyze a time values is very useful when it’s 

working with a large number of values (minimum 100 

values), because certain characteristics of those data can 

be seen much better and it can make decisions in a 

much shorter time. 
Obviously that is not enough just to use graphics in 

optimal decisions and therefore we developed an 

algorithm that determines characteristic values (length 

of intervals, the number of sign changes, the 

distribution frequency of wind velocities intervals) of 

database for which analysis is performed. Graphic 

method allows initial decision and then can be 

correlated with the result of the implementation of the 

algorithm, thus leading to the final decision, which is 

intended to be the optimal one. 

There are even cases, in which the consultation of 

graphics is sufficient to establish the right decision, thus 

is no longer necessary to use the algorithm and compare 

the results. 

 3. DATA PROCESSING WITH DEVELOPED 
MATLAB ALGORITHM 

3.1. Data acquisition and initial 
processing 

 

The data used for statistical analysis were recorded 

between 1st of January 2006 and 31st December 2008, 

by using an anemometer installed on the Faculty of 

Electrical Engineering, Mathematics and Computer 

Science of Technical University of Delft, Holland. The 

data were recorded with a sampling interval of one 

minute at the height of 18 meters. Using an estimation 

algorithm for wind speed at different heights depending 

on site characteristics, we estimated the wind speed at 

70 meters. It was tested different months for the period 

with registered data and for this paper we exemplified 

the implementation of the algorithm for month of 

January 2006. 

For the projects developed in wind field it is very 

important that technical potential to be exploited at a 

maximum level in order to obtain a maximum 

efficiency from both technically and financial points of 

view. Based on the fact that wind speed increases 

proportional with height, it is recommended that the 

rotor hub to be placed at a greater height. 

For wind turbines with installed power greater than 

1,5 MW that are used in many projects from the last 

decade, the minimum height for estimation the 

achievement of a project is 65-70 meters. For this 

reason we chose for this analysis the estimation of wind 

speed at the height of 70 meters by using the algorithm 

presented in the rows below. 

An important problem refers to those situations 

where wind turbines are installed at an other height, that 

height at which measurements were made. The wind 

speed varies vertically on atmospheric limit layer, 

increasing with height above the ground and reaching 

on 500 - 1000m at values of geostrophic wind. In 

specialized analysis from wind farms area, regarding to 

the wind variation depending on altitude, it is used two 

counting methods, each of them based on an evolution 

profile: exponential profile and logarithmic profile. 

These two types of profiles are noted through the 

following equations: 
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where: 

- v1 = wind speed at the height h1; 

- v2 = wind speed at the height h2; 
- α  = an exponent that depends on surface 

roughness and on thermal stratification of 

the atmosphere; 
- hr = the height of the roughness. 

For determination of wind speed at the height of 70 

meters we used the relation (1), with which is possible 

to calculate the wind speed by knowing the speed 

measured by the anemometer at the height of 18 meters 

and by using a value of the roughness coefficient 

19.0=α . 
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3.2. The steps of developed algorithm 

 

Using the data processing at the height of 70 meters 

it can be estimate a minimum of wind energy potential 

of the site and then a minimum of generated electrical 

energy. If the wind turbines would be installed at a 

height of over 70 meters then the resulting production 

could be higher than the production resulting in this 

analysis.  

By using the algorithm described above and the 

database received from the Faculty of Electrical 

Engineering and Mathematics of Technical University 

of Delft we realized a series of statistical analysis to 

identify a trend of wind speed for the studied site and to 

estimate a minimum production of electrical energy on 

a certain time. The stages (steps S1÷S7), results and 

conclusions are presented below. 

 
- Step 1 

Firstly, was made an graphic analysis allowing 

for each day within a month to identify a specific 

wind speed time evolution. 

In order to use the data recorded from minute to 

minute in the proposed algorithm, the minutes at which 

the data was registered were converted into times.   

 

 

- Step 2 
For analyze and obtain relevant information in terms 

of wind potential estimation and produced energy were 

established some limits within should fit the wind 

speed values. From this point of view, the lower limit at 

which the wind turbine operation starts is 4 m/s, the 

next step is established at 7.5 m/s, the nominal value at 

which the wind turbine produces maximum of the 

energy is 10.5 m/s. The step of 13 m/s represents the 

upper limit at which the wind turbine is used without 

major requests and can produce energy at nominal 

power in normal working conditions. 

For speeds over 13 m/s the wind turbine is more 

used so that it must be equipped with high performance 

equipment that implies much higher costs. In the figures 

1 and 2 are presented the specific operating curves for 

wind turbines that work with a fixed or a variable 

speed. 

 

- Step 3 
After establishing the references value from above, 

the program determines the times for that the values of 

wind speed lie within the specified intervals. So, it can 

be identified the intervals for that the wind speed lies in 

a certain domain and depending on the length of that 

interval is determined the time for that the wind turbine 

was in a particular operating regime (zone I-V). 
 

     

                         Fig. 1  Characteristic power curve for                                                 Fig. 2   Characteristic power curve for  
                                 variable speed wind turbines                                                                   fixed speed wind turbines 

 

- Step 4 
Next, were determined the intervals for that it was 

registered a certain minimum number of operating 

times. This number was chose as 30, representing the 

time (30 minutes) for that the wind turbine rules 

continuously in a certain regime. The results of these 

operations are highlighted through graphics that are 

then interpret to identify those areas with high density 

(fig. 3 a ÷ d). Identifying the high density areas it may 

define a specific of wind speed evolution for the chose 

interval of time (one month) and can be observed also 

the period from interval (number of times) for that the 

wind turbine operated with a certain specific (low, 

medium or high production). 
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- Step 5 
For the intervals with a minimum of 30 recorded 

values with the wind speed values between 4 and 13 

m/s, were determined the subintervals with the 

consecutive values between 7.5 and 10.5 m/s 

identifying so the time periods for that the wind 

turbines operates at high parameters, nearly to nominal 

value. 

- Step 6 
Also, in the algorithm were determined the number 

of sign changes to the lower limit and upper limit of the 

chosen interval. These sign changes represents for the 

wind turbine the passing from one operating regime to 

another, a fact that may positively or negatively 

influences his functioning in an integrated system. 

For wind turbines integrated in power systems it is 

desired that the number of sign changes to be as small 

as is possible and also interruption period to be very 

short. The sign changes that represents the passing in I 

operating area are not desired nor by the distribution 

system operator, nor by the owner of the wind farm. 

Also, the sign change that leads to operating in the V-th 

area may be or not beneficial for the wind farm owner, 

depending on the type and on the performances of 

turbines used. 

 
- Step 7 
For establish the categories in which will be 

assigned every analyzed day it was used the following 

algorithm: 

- the distribution interval frequency calculated for each 

day it is turned into points used to calculate the total 

value assigned to that day; 

- for each interval has been established the influence 

coefficients shown in Table I. 

 

Table 1. Influence coefficients for operation area 

Intervals Type of operation Coeff 

[0-4) The area where the wind turbines does not work. -0.5 

[4-7.5) The area where the wind turbine produces 

minimum of power.  
0.3 

[7.5-

10.5) 

The area where the wind turbine works in optimal 

parameters, and the produces energy is nearly to 

nominal value. 

1 

[10.5-13) 
The area in that is produced the maximum of 

energy, but with an intensive request on the 

turbine. 

0.9 

>13 The area where it is produced the maximum of 

energy, but with major requests on the turbine.  
0.7 

By using the coefficients and assigned points it is 

established the final score for each day. The days were 

grouped, in terms of available technical potential, in 

four categories: 

- category I: day without potential, with total value 

in the interval [-100,0); 

- category II: day with low potential, with total 

value in the interval [0,45); 

- category III: day with good potential, with total 

value in the interval [45,80); 

- category IV: day with very good potential, with 

total value in the interval [80,100]. 

After data processing and obtained results analysis 

we realized the table 2 presented below. 

This table showed us that for a number of 9 days 

there is no potential, and these days belong to the 

second half of the month. Also, the days with low 

potential, that are 9 in total, belong mostly to the second 

half of the month. In the first half of the month it was 

recorded a good and a very good potential, with a 

number of 7, respectively, 6 days. 

The general trend is the evolution of wind speed 

values in neighboring areas in terms of potential. The 

days with low potential are followed or preceded by 

days with low potential or by days without potential. 

Table 2. The total value and category type for each analysed day 

Day 

Distribution frequency of wind velocities 
 on a complete day      [%] Quotation and value on each interval Total  

value 
Day 
type 

0-4 4-7.5 7.5-10.5 10.5-13 4-13 >13 0.50 0.30 1.00 0.90 0.70 

1 24.17 41.17 19.04 10.76 70.98 4.83 -12.09 12.35 19.04 9.68 3.38 32.37 II 

2 0 2.49 43.73 40.21 86.44 13.55 0.00 0.75 43.73 36.19 9.49 90.15 IV 

3 0 11.73 63.75 23.47 98.97 1.02 0.00 3.52 63.75 21.12 0.71 89.11 IV 

4 0 12.75 57.25 25.58 95.60 4.39 0.00 3.83 57.25 23.02 3.07 87.17 IV 

5 10.99 68.69 19.06 1.17 88.92 0.07 -5.50 20.61 19.06 1.05 0.05 35.27 II 

6 0.44 51.87 39.32 6.45 97.65 1.90 -0.22 15.56 39.32 5.81 1.33 61.80 III 

7 0 5.71 47.54 30.03 83.29 16.70 0.00 1.71 47.54 27.03 11.69 87.97 IV 

8 0 1.61 26.31 36.51 64.44 35.55 0.00 0.48 26.31 32.86 24.89 84.54 IV 
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9 0.07 41.05 53.29 5.57 99.92 0 -0.04 12.32 53.29 5.01 0.00 70.58 III 

10 0.07 32.55 57.33 10.04 99.92 0 -0.04 9.77 57.33 9.04 0.00 76.10 III 

11 0.14 44.46 42.25 12.61 99.33 0.51 -0.07 13.34 42.25 11.35 0.36 67.22 III 

12 0 28.37 57.18 11.95 97.50 2.49 0.00 8.51 57.18 10.76 1.74 78.19 III 

13 13.4 48.35 33.33 4.83 86.52 0.07 -6.70 14.51 33.33 4.35 0.05 45.53 III 

14 78.72 21.27 0 0 21.27 0 -39.36 6.38 0.00 0.00 0.00 -32.98 I 

15 82.61 17.38 0 0 17.38 0 -41.31 5.21 0.00 0.00 0.00 -36.09 I 

16 46.14 53.11 0.73 0 53.85 0 -23.07 15.93 0.73 0.00 0.00 -6.41 I 

17 0.73 38 47.24 13.57 98.82 0.44 -0.37 11.40 47.24 12.21 0.31 70.80 III 

18 23.90 37.02 31.59 6.74 75.36 0.73 -11.95 11.11 31.59 6.07 0.51 37.32 II 

19 3.66 74.63 21.11 0.58 96.33 0 -1.83 22.39 21.11 0.52 0.00 42.19 II 

20 0 6.08 30.69 37.87 74.65 25.34 0.00 1.82 30.69 34.08 17.74 84.34 IV 

21 8.42 79.70 11.42 0.43 91.57 0 -4.21 23.91 11.42 0.39 0.00 31.51 II 

22 72.19 27.73 0.07 0 27.80 0 -36.10 8.32 0.07 0.00 0.00 -27.71 I 

23 35.36 55.68 5.86 2.42 63.97 0.66 -17.68 16.70 5.86 2.18 0.46 7.52 II 

24 14.31 70.26 13.87 1.24 85.38 0.29 -7.16 21.08 13.87 1.12 0.20 29.11 II 

25 31.98 63.75 4.25 0 68.01 0 -15.99 19.13 4.25 0.00 0.00 7.39 II 

26 49.19 50.51 0.29 0 50.80 0 -24.60 15.15 0.29 0.00 0.00 -9.15 I 

27 83.99 15.63 0.36 0 16.00 0 -42.00 4.69 0.36 0.00 0.00 -36.95 I 

28 95.96 3.67 0 0 4.03 0 -47.98 1.10 0.00 0.00 0.00 -46.88 I 

29 68.69 31.30 0 0 31.30 0 -34.35 9.39 0.00 0.00 0.00 -24.96 I 

30 89.21 10.78 0 0 10.78 0 -44.61 3.23 0.00 0.00 0.00 -41.37 I 

31 35.65 54.73 9.53 0.07 64.34 0 -17.83 16.42 9.53 0.06 0.00 8.19 II 

             

                                 Fig. 3  (a): Day with very good potential                                         Fig. 3  (b): Day with good potential 

 

              
 

                                     Fig. 3  (c): Day with low potential                                               Fig. 3  (d): Day without potential 
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4. CONCLUSION 

Identify the sign changes and hence the interval of 

time that wind turbine is not works is crucial for initial 

stage of estimate the amount of generated electricity 

and the average continuous operation time of a wind 

turbine in a specific site with different wind variations 

regimes. From this point of view the used algorithm 

determine precisely the number of interruptions and re-

operation of the turbine. It was also determined the 

number of times for the wind turbine operated in a 

regime in which the mechanical request was very high 

(intervals with values of wind speed higher then          

13 m/s). 
It is important to determine the specifics of each day 

to analyze existing data and frequency of this type of 

day within a month. 

The developed and used algorithm allows obtaining 

numerical results that reinforce the conclusions that can 

be drawn after the graphs analyzing made for each day 

separately. The developed algorithm allowed to 

quantify in numerical value the importance for every 

day of each month or generally the importance of a day 

in a determinated interval. Using this algorithm the 

owner of the wind farm could estimate more precisely 

the quantity of energy that could be injected in the grid 

and in the same time the period in which the wind 

turbines are operating or not.  
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