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ABSTRACT

Modeling and prediction of wind characteristics aggsential design inputs in the development of vpoder

systems for different locations. In this paper, dadly wind data for Enugu (6°8; 7.2E; 450m), Nigeria, over a
period of 13 years (1995 — 2007), is modeled imteof the Weibull distribution function, in order predict wind

energy potential of the location. The daily, moptland annual wind speed probability density disitions at 10m
meteorological height are modeled and the mean wpekd, skew, shape- and scale factors are detedwiith

values of 2.5 +0.3m/s, -0.46, 2.21 and 4.31m/peetively. The results suggest that while the vgipeled is more
concentrated at higher values above the mean, igtelaition for Enugu departs significantly frometlstandard

Raleigh distribution, with error of 10.5%. The cii@ént of determination of the model is 0.74. Ihert statistics
suggest that the model can be used, with acceptdstaracy, for prediction of wind energy output e for

preliminary design assessment of wind machinethfotocation.

Keywords. renewable energy - general, wind, Weibull distriioit

INTRODUCTION

Meteorology, the scientific study of the earth’snasphere, includes the study of day-to-day or masdmonth
variations and predictions of weather conditionsetéddrological study involves the systematic obd@ma,
recording and processing of various meteorologieahmeters of temperature, rainfall, wind, clouderprelative
humidity and sunshine. Short term condition of #Hienosphere is referred to as weather, while thar av
considerably long time is called climate.

The influence of weather and climate over man’svdiets is unquestionable. Man'’s food, clothingusing, works,
mental and physical alertness are to a very grdaheregulated by weather/climate. The directibrwimd once
controlled the pattern of trading routes (the tradgleds), the safety of modern air transport, sigetechnology and
radio communication are closely tied to accuratéepm@logical reports from the ground stations [EJrmers and
their crops are at the mercy of climate and weathespite the advances made in science and technolog
Throughout history much of the progress in the aiscy of the laws of Physics and Chemistry was ited by
curiosity about atmospheric phenomena. Althoughn mie still unable to completely tame the forcesatiural
meteorological phenomena such as floods, droudiysoons, hurricanes, a sound knowledge of theinds
(weather systems) often helps to avoid or at legBice the seriousness of the weather associdtaditas [16; 4].
Hence, knowledge of the weather of a particulacela not only important but often very essential.
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Meteorological conditions also play significantedh the performance of renewable energy systempaiticular,
renewable energy systems produce optimum outpuéruodrtain desired meteorological conditions whiok
essentially location/site specific. Similarly, tferce carried by the wind can also be harnesseddeful purposes
such as grinding grain (in windmills) and genemtalectricity (in wind turbine generators). It istienated that
between 1.5 to 2.5% of the global solar radiateceived on the surface of the earth is convertegind [16; 15].
Hence, wind energy, which contributes very littlellption and few greenhouse gases to the envirotfiniera
valuable alternative to non-renewable fossil f&él]. The extent to which wind can be exploitedaasource of
energy depends on the probability density of oawre of different speeds at the site. To optimtieedesign of a
wind energy conversion device, data on speed rawge which the device must operate to maximize gner
extraction is required, which requires the knowkedd the frequency distribution of the wind speAdiong the
probability density functions that have been pregbfor wind speed frequency distributions of mosgtions, the
Weibull function has been the most acceptable ibigion and forms the basis for commercial wind rgge
applications and software 913], such as the WirldsAnalysis and Application Program (WAsP) and réneently
developed Nigerian Wind Information System (WISjware.

The Weibull probability density function is a twasameter function characterized by a dimensioniéspe K)
parameter and scale) (parameter (in unit of speed). These two parammetetermine the wind speed for optimum
performance of a wind conversion system as wethasspeed range over which the device is likelggerate [9].

In principle, this opens up the need to estimatenttodel parameters, namekyandc, from measured data of any
location.

In previous papers [15; 10; 11], theoretical patdstof wind in Enugu and environs were examinedeldaon
annual mean wind speed. In this paper, the wiegdplata over thirteen years for Enugu is modeléerims of the
Weibull distribution. The model will, no doubt, leé¢ immense help to designers of wind machines Hergtudied
location.

MATERIALSAND METHODS

The Weibull wind speed probability density function

Wind power developers measure actual wind resopircgart, to determine the distribution of wincesps because
of its considerable influence on wind potentialeTWeibull wind speed distribution is a mathematidaklization
of the distribution of wind speed over time. Thadtion shows the probability of the wind speed Qama 1m/s
interval centred on a particular spe@q, taking into account both seasonal and annual vanstfor the years
covered by the statisticEhe Weibull distribution function is given [17; BY:

k Vv k-1 Vv k
Py = V(E] eXp{_(Ej } 1)

where Pw) is the frequency of occurrence of wind spééd c (in unit of m/s)is the scale factor which is closely

related the wind speed for the location, &rd the dimensionless shape factor which desctiee$orm and width
of the distribution. The Weibull distribution isdfrefore determined by the two parameteandk. The cumulative
Weibull distributionP,, which gives the probability of the wind speed exdiag the value is expressed as:

Pv = exp{—(%) } 2)

Equation (2) above suggests that bkthandc could be obtained from a regression analysi®@f v plot of the
wind speed distribution data for a particular |omat

However, meteorologists have characterized theiloligion of wind speeds for many of the World’s @iregimes
in terms of the speed distribution patterns. Fameple, in temperate climate (mid latitudes), adgpshape factor
(k) of 2 offers a good approximation [6; 7]. Fkr= 2, equation (1) or (2) is called the Raleigh dvispeed
distribution. Hence, the Raleigh distribution is@ecial case of the Weibull function developeddstimation of
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wind potential in temperate climate locations. Winbaracteristics are essentially location spec#icd the
performance of wind power systems varies if actiatl conditions at the location differ from thosarslard speed
distributions.

On the other hand, the sha@factor has been suggested [8; 7] to be obtainshifey the mean wind speed data
and standard deviatiqa) for the location as:

o -1.086
(o]
\)

while the scale factor has been given [13] as:

C:L (4)

)

where (r) is the gamma function defined mathematically inegal x-variable [5] as:

Mx = jo x"e ¥ dx ()

Analysis of equation (2) suggests that the windedgmobability density fov is higher if the shape factor is high for
that location. Hence, smaller valueskofk < 1) suggest that there is more concentratioanergy in the wind
below the average speed {or the site, while higher values kflk > 1) could be interpreted that the wind speed i
the site is dominated by values above the meandsfer]. This shows that knowledge of the exadueeaof k
provides preliminary information on the wind speedime for which wind turbines should be designedany
given location. On the other hand the valuecofor any location provides preliminary informatiom dhe
characteristic wind speed for the site for whictviad turbine should be designed. In this paper,analytically,
find the empirical values dfandc for the Enugu wind location.

RESULTS

In this work, we use 13 year (1995 — 2007) windadat Enugu (6.3N, 7°&, 450m), obtained from the Nigerian
Meteorological Agency. The data were recorded dly daean basis from which the monthly and annuaamdata
were calculated. We show the monthly mean wind dpe¢ 10m standard height for the location overttimteen
(13) year period in table 1. The histogram distiitiu of the speed data is shown in Figure 1. Appidyethe
distribution, on average, is normal with annual meaand speed of 2.5 + 0.3m/s and a median valug.®2m/s.
However, the distribution skews to the left withegative skew of -0.46. The negative skew sugdeatshe mass
of the distribution is concentrated on the posiside of the mean, which means that there arawelgimore values
of wind speed higher than the annual mean in tbildution. The cumulative distribution of the wisdeed data in
1ml/s interval in the speed range 0 < 8 is shown in figure 1. The data perfectly fittoithe cumulative Weibull
distribution statistics. Hence, the assumption hif Weibull distribution for the wind speed dataafr study
location is reasonable. The data therefore follostaadard 2-parameter Weibull distribution. To nidte data in
terms of the Weibull distribution, we plbn(-LnPy,) as a function okn(v) in figure 2 and apply a one-dimensional
regression analysis to the plot. The result gilesmhodel equation as:

Ln(-LnPy)) =2.21Ln(v) — 3.23, (6)

with k ~ 2.21, ¢ 4.31m/s and coefficient of determinatidn~r0.74 for the model. Comparing our result with th
standard Raleigh distribution, we find that it depdrom the Raleigh distribution with a percentageor of 10.5%.
Similarly, we compare the measured and estimatagesaf the wind probability density in terms oétmodel. A
plot of the probability density, (measured andreated), as a function of wind speed is shown inrgg3. It is
apparent that while the measured value peaks at/2.The estimated value peaks at 3.5m/s. Thetligstdnsistent
with a percentage error of 30%.
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Table 1: Monthly mean wind speed (m/s) for Enugu (1995 -2007)

YEAR | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
1995 2.4 3.0 2.8 3.3 3.0 3.0 2|7 2[7 2.7 2.5 .0 0 2.
1996 2.7 3.0 3.1 2.7 2.3 26 212 26 2.1 2.1 157 .
1997 3.2 2.6 2.3 2.1 1.9 20 25 32 2.3 4.1 P56 2.
1998 3.0 2.3 3.2 3.0 2.4 28 2|8 24 2.1 2.1 P16 2.
1999 2.7 1.7 3.1 2.6 2.2 24 2|6 27 2.3 1.9 p.2 2 3.
2000 2.6 2.1 2.8 2.5 2.1 24 214 241 2.1 4.0 .50 2.
2001 2.1 2.6 2.9 2.8 2.8 25 2|6 25 24 2.2 P58 [1.
2002 2.3 35 2.5 2.5 1.9 28 29 25 24 2.1 1.7 2 2.
2003 3.2 2.6 2.8 3.1 2.9 28 2|8 25 2.5 4.1 1.7 4 2.
2004 2.6 2.7 3.6 2.9 2.4 28 2|6 2[7 2.3 2.1 1.75 .
2005 2.5 3.0 2.9 3.3 2.5 24 2|7 2[7 2.5 2.0 1.9 8 2.
2006 2.6 2.9 2.9 2.9 2.9 25 2|6 28 2.5 4.0 1.8 1 2.
2007 3.2 2.8 3.0 3.0 2.5 25 24 25 2.3 1.8 1.8 7 2.
1.8 2.1 24 2.7 3 33 36 3.9
V(m/s)
Figure 1: Histogram distribution of wind speed for Enugu (1995 - 2007)
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Figure 2: Ln(-LnPv) vs Ln(vm/s) plot for Enugu (1995 - 2007)
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Figure 3: Comparison of estimated and measured wind probability density for Enugu

(1995 - 2007)

1206
Pelagia Research Library



F.C. Odoet al Adv. Appl. Sci. Res., 2012, 3(2):1202-1208

DISCUSSION

Modeling and prediction of wind characteristics argjor design inputs in the development of wind posystems
for any location. However, the wind speed distiifut for many of the world’'s wind regimes have been
characterized and wind power systems are optimizexked on these standard distributions. In fact,Rakeigh
distribution (k = 2) is often employed by most wipdwer system developers. The result is that mang wower
systems perform poorly in many different locatidresause the actual wind conditions at the locatibffisr largely
from those standard distributions [9; 3].

We have shown in our results that at a height ofi &@ove the ground, the distribution of wind spigeBnugu over
the studied period has annual mean of 2.5 + 0.3nifk, negative skew. The negative skew suggeststiigawind
speed at the study location is concentrated moneatues above the annual mean. Hence, wind machiesgned
for 2.5m/s wind speed regimes at 10m hub heighegpected to produce meaningful output for a grgzdet of the
year since the speed is concentrated above 2.5m/s.

We have also shown in the results that the Weghadpe factor for the Enugu location is 2.21, wiiike scale factor
is 4.31m/s. The actual value lofs greater than unity for the location. It showatttihe wind speed at the site is more
concentrated above the annual mean, which is densisvith the result of the negative skew shownvabo
Furthermore, the value of the shape factor predeintehis paper suggests that the width of theriBistion for
Enugu is wider than the standard Raleigh distrdyutised to optimize most wind energy conversioriesys by
0.21, representing a percentage error of 10.5%.iMpdcation of this is that any wind power systemptimized
with the Raleigh distribution may not effectivelgtch the wind for 10.5% of the expected full logmb@ation time

in the Enugu location.

Another important outcome of our result is the veignificant statistical coefficient of determiraii of the
developed model which has been shown to be 0.7#el@ton between variables is significant if thagnitude of
the coefficient 7> 0.5, otherwise it is not significant. A signifidacorrelation between two variables suggests that
the data are acceptably related by the model apfi¢hem [1; 2]. Hence the model for the Enugatmn based on
the Weibull distribution can acceptably be usedrixict wind potential for the location.

CONCLUSION

We have modeled the 13 year wind speed data of EEmuterms of the Weibull probability density fuimt and
determined values for both the shape and scalenedeas, in order to accurately predict wind engrgtentials for
the location. Our results suggest that while th@ daconsistent with the Weibull function, thetdtsution departs
significantly from the Raleigh distribution, uporhiwsh many wind power systems have been based,anithape
factor of 2.21. The analyses suggest that the mmatebe used with acceptable statistical accuracgrediction of
wind potentials for the Enugu location.

We recommend that the analyses be extended to tbations in Nigeria where installation of windeegy
conversion systems is being proposed.
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