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Abstract (Font: Arial Bold, 9)

The industrial and social development of a country
requires large amounts of energy, particularly electricity.
To follow the development with an efficient power grid,
the human society has sought alternative energy sources
that are economically and ecologically viable. The wind
energy is one of such alternatives. However, the
deployment of wind farms requires a previous study of the
winds’ statistical profile in the region of interest. With this
in mind, this work performs an analysis of three different
statistical distributions to see which best fits the wind
profile in the Central Region of the South of Brazil. The
Weibull, Log Normal and Rayleigh statistical distribution
were studied and compared with the values of wind speed
collected at 50 meters from the SONDA site operating in
Sdo Martinho da Serra, RS in the Southern Space
Observatory - OES/CRS/CCR/INPE-MCT. The analysis
was performed between 2005 and 2009 showed that
among the three distributions, the Weibull presents the
best correlation and the smaller errors, MBE and RMSE.

Introduction

Seldom we realize how essential electricity is to keep the
human society living in its current way of life. Most of the
time, the awareness arises in periods of energy crisis, as
the electricity blackout happened in 2001 in Brazil, known
as "Apagao". The electricity shortage was due to low
rainfall and consequent low water storage in power plants
reservoirs. This shows how much Brazilian electricity
matrix is vulnerable to climate variability. Next to that,
there is an intense socio-economical growth in the
country, requiring large amounts of energy for housing,
industrial and commercial activities. Diversifying the
electricity matrix and increasing the share for renewable
sources such as wind power will improve the reliability of
Brazilian electricity system without increasing greenhouse
gases emissions.

It has been shown by Améndola (2007) that the wind
energy is considered clean and renewable and do not
prejudice or slightly affect the environment and human
health, since does not emit toxic gases and particulate
materials.

According to Grimm (1999), wind turbines are responsible
for transforming the motion energy of the wind into
mechanical energy by moving turbine’s blades, and
subsequent conversion into electric energy. However, to
obtain a good benefit-cost ratio of this source it is required
to increase knowledge and disseminate reliable
information on assessment and variability of the wind
power density for a region of interest.

In general, the turbines work according to speed ranges,
as shown in Figure 1. The extraction of the air flow by the
turbines’ blades generates particular amounts of power
for each speed.
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Fig. 1.Wind speed’s ranges for the operation of a wind
turbine. Source: Améndola (2007).

As described in Marques (2004), section | of Figure 1
refers the starting point of the wind turbine, i.e. the
minimum wind speed operation (V). For most of the
commercial turbines it is around 3 to 5 m/s. Section Il
refers to the normal operation (Vnowm) of the turbine. In this
section, wind turbine can operate at constant or variables
speeds, depending of the type of turbine. The wind
turbine produces the same power for the entire section lll,
called nominal potential (Pnowm) Of the turbine, usually at
speeds between 12 to 25 m/s. At greater speeds than
Vpest, the cutting speed. Usually above 25 m/s, the wind
turbine shut down in order to do not damage its structure.

In order to achieve a minimum trustworthiness of the wind
power potential of a region, it is necessary a long term
database. Usually, the wind presents large time
variability, thus it is used statistical process to outline the
wind behavior. In cases where are slow variations it's
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commonly used the probability density function to
describe the chance that the wind velocity achieve a
specific value. According to Castro (2008), the results
indicated by the probability densities have great value
when they are described analytically.

The study, conducted at the Laboratory of Renewable
Energy Resources of the Southern Regional Center for
Space Research - LRER/CRS/CCR/INPE-MCT, aims to
evaluate which statistical distribution presents the best fit
for the wind data acquired in the Southern Space
Observatory - OES/CRS/CCR/INPE-MCT in Sé&o
Martinho da Serra, RS. This SONDA measurement site is
located in central area of the Southern region of Brazil.

Method

The wind’s speed and direction data used in the study
were acquired from the measurement site of the SONDA
network (www.ccst.inpe.br/sonda) located at the Southern
Space Observatory in central area of the Brazilian
Southern region. The site owns climatological and
radiometric sensors and an anemometric tower containing
three anemometers at the heights of 10, 25 and 50
meters above ground, as shown in Figure. 2.

The selected database period for the study covers from
January 2005 through December 2009 for the height of
50 meters with temporal resolution of 10 minutes of
action. The wind data were submitted to a quality control
program as described in Chagas et al (2006).

Fig. 2.Anemometric tower operating at the Southern
Space Observatory - OES/CRS/CCR/INPE-MCT.

Three different statistical density functions were
evaluated: Weibull, Log Normal and Rayleigh.

The Weibull probability density function is described by
Equation 1:

fu) = £(2) e 1

where f,,(v) is the frequency of occurrence of each
horizontal wind speed v; k is the shape parameter and A
is a scale parameter. The shape (k) and scale (A)
parameters were obtained from the WAsP® (Wind Atlas
Analysis and Application Program) software.

The Log-normal probability density function distribution is
depicted by Equation 2:
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where f,;(v)is the frequency of occurrence of each
horizontal wind speed v; u is the location parameter and
o is a scale parameter. The y and ¢ parameters are
respectively mean and standard deviation of natural
logarithms of v. Both parameters can be calculated by:
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where v,,,.4is the average speed and VAR(v) is the
variance of the wind velocityv.

The probability density function of the Rayleigh
distribution is provided by Equation 5:
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where fR(v) is the frequency of occurrence of each
horizontal wind speed v; and v,,,.4iS the average speed.

In order to check the suitability of the proposed statistical
distributions to the data acquired at SONDA site a
validation process was performed by calculating the
statistical deviations MBE (Mean Bias Error) and RMSE
(Root Mean Square Error). Also, the correlation factor
between measured data and estimates provided by
Weibull, Log Normal and Rayleigh distributions. The MBE
deviation indicates the systematic deviation of the
estimates, while the RMSE represents a measure of
dispersion around the estimated values of measured
values.

Results

The Figures 3 and 4 shows the histogram and wind rose
obtained from wind’s speed and direction data collected
from January 2005 to December 2009 at 50 meters high
in the Southern Space Observatory. The histogram
represents the wind velocity frequency in columns, and
the wind rose outlines the wind direction frequency.

The histogram was constructed with columns’ strip width
of 1 m/s, due to be the most often found in the literature
(Castro, 2008).
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Fig. 3. Histogram for 50m high wind velocity data
acquired at the Sdo Martinho da Serra, SONDA
measurement site in the Southern region of Brazil.
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Fig. 4. Wind rose for 50m high wind velocity data acquired
at the S&o Martinho da Serra, SONDA measurement site
in the Southern region of Brazil.

In the Table 1 presents the descriptive statistics obtained
for wind data collected in Sdo Martinho da Serra.

Table 1.Descriptive Statistics for wind data collected at
the Southern Space Observatory, Sdo Martinho da Serra,
RS.

The same result can be seen from Figure 5 that shows
the relation between the measured and the estimated
values. The Weibull distribution is closer to the function
y = X, which indicates a lower dispersion of the measured
data.

Table 2. Statistics distributions validation by calculating
the statistical deviations MBE and RMSE.

Analyzed Period January 2005 to December 2009

Total Number of Data 270,368

Temporal resolution of

data collection 101in 10 minutes

Average speed (m/s) 5.64

Median speed (m/s) 5.19

Standard Deviation 3.63

Variance 13.18

From the wind speed data, it was calculated the shape (k)
and scale (A) parameters for the Weibull distribution;
position (u) and scale (o) parameters for the Log Normal
distribution and average speed for the Rayleigh
distribution, represented respectively, in equations 8, 9
and 10:
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After obtain the frequencies calculated by statistical
distributions represented in equations 8, 9 and 10 was
conducted the validation stage by calculating the
statistical deviations RMSE and MBE, shown in Table 2. It
can be observed that the Weibull distribution provides the
best correlation (96%) and lowest deviations, both MBE
(0.07%) and RMSE (25%). Followed by the Rayleigh
distribution and lastly the Log Normal distribution.
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Fig.5.Dispersion plot between measured and estimated
data provided by Weibull, Log Normal and Rayleigh
distributions.

Conclusions

The study evaluated which of the statistical wind
distributions best adapted to the data acquired from the
beginning of 2005 to the end of 2009, by the anemometer
at the height of 50 meters installed at SONDA site in the
central area of the Southern region of Brazil.

In general, the distributions of Weibull, Log Normal and
Rayleigh showed good correlations, all above 70%.
However, the Weibull distribution showed the best
correlation and the smallest deviations from the observed
values collected in the SONDA site. In summary, the
Weibull distribution presents the best distribution for the
central region of Rio Grande do Sul.

However, the data base analyzed must be expanded in
order to minimize uncertainties discussed in the paper,
and to make possible to get more reliable information
about wind power in the central region of Rio Grande do
Sul, in order to increase confidence to future investments
in the energy generation in this region.
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