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ABSTRACT

In this paper, the wind energy potential in Ibagastatistically analyzed using daily wind speethda
for 10 years (1995-2004) obtained from the Inteéomat Institute of Tropical Agriculture (IITA) and

1 year (2006) obtained from Nigeria Micro-scale éxmental (NIMEX) Ibadan, Nigeria. The
statistical wind data set was analyzed using Weitistributions in order to investigate the Weibull
shape and scale parameters. The daily, monthlgpaeg and yearly wind speed probability density
distributions were modeled using Weibull Distriloumti Function. The measured annual mean wind
speed was found to be 0.76 m/s and the total éabkecwind power has been estimated as 0.33 kW at
IITA while the annual mean wind speed ranged betm@&&4 m/s, 1.02 m/s, 1.16 m/s and 1.34 m/s at

(3m, 6m, 12m and 15m) respectively NIMEX. The maximum extractable annual wind power
density value of090N / m*for the whole year at IITA an®6MW /m* 4t the highest height of 15m

at NIMEX indicated that, Ibadan can be classifiscadow wind energy region and it belongs to the

wind power class 1, since the density is less tHaA/V /m* It is concluded that at both sites, the
highest wind speed that prevailed in Ibadan is Maand the location can be explored for wind
power.

Keywords. Wind Energy, Renewable Energy, Wind Speed, Weibull Distribution, Wind Power,
Fossl

1.0 INTRODUCTION

Wind speed is a variable which is affected by lotsfactors such as geometric shapes,
roughness and elevation of ground surfdg¢eTherefore, the easiest and most direct method
of obtaining wind speed distribution in differentations is to set up a measurement station
at each locatiofi2]. Generally, the wind speed is characterized bygh tariability both in
space and time. It is therefore very important ¢sadibe the variation in wind speed for
optimizing the design of the systems in order tuce energy generating cofdg In recent
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times, numerous studies have been carried outdesache wind speed characteristics and
associated wind energy potentials in differentgaftthe world2].

Renewable energy sources have attracted increattimgtion from all over the world due to
their almost inexhaustible and non-polluting chseastics [4]. In Nigeria today, a great
percentage of the general population reside il ewess where they do not have access to the
nation’s electric power source. In view of thisppke have resorted to migrating back to the
urban areas, where they receive the benefits ¢f aoenities.

The major source of electricity in Nigeria is hydowver, which is usually restricted to the
generation of shaft power from falling water [Shel Power Holding Company of Nigeria
(PHCN) is charged with the responsibility of mamapgithe nation’s Hydroelectric Power
(HEP) station across the River Niger in Kainji. Hower the company has been noted for
unreliable power supply characterized by low vadtagd incessant power cuts, often without
warning or even apologies to consumers [6]. Theslability of this situation has led to
search for a more viable energy source for Nigdre adoption of power generating sets has
rather worsened the situation because it constie@ironmental noise and pollution.

Wind energy has been noted as an alternate sofiesergy that can be exploited to meet the
needs of Nigeria and other developing natiff}s Wind energy as one of these important
sources is perhaps the most suitable, most efeeetnd inexpensive sources for electricity
production. As a result it is vigorously pursuedmany countries. In recent times, there has
been a continual decline in supply of conventierargy due to the depletion of the national
reserve while the demand increases every day.dtistital modeling of the wind speed
variation, much consideration has been given toMedgbull two parameter (shape parameter
k and scale parameter c) functions because it édas found to fit a wide collection of wind
data[2].

20 MATERIALSAND METHODS

The daily wind speed data used in this study weseined from Nigeria Mesoscale
Experimental (NIMEX) site, University of Ibadan §8°N, 3.98°E) for the period of one
year (2006) and from International Institute of Figal Agriculture, IITA (7.43N and 3.9

E), Ibadan, for the period of ten years (19954900 he wind speed data was measured
continuously with a cup generator anemometer atula teight of 3, 6, 12, 15 meters
respectively at NIMEX site and 2 meters at [ITAesitbove the ground level. The daily mean
speeds were computed as the average of the sprrasisch day.

21 COMPUTATION OF WEIBULL PARAMETERS OF THE WIND SPEEED

In statistical analysis of wind speed variatiore WWeibull two parameters (shape parameter
kand scale parametr functions have been widely applied by many redesns. The
probability density function of the Weibull disttition is given a§l]:

e oty
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where f(v)is the probability of observing wind speed, kis the dimensionless Weibull

shape parameter ands the Weibull scale parameter with units of spesd, which could
be related to the average wind speed through tlapestiactok, which describes the
distribution of the wind speeds. The relationshepneen the Weibull scale factor, Weibull
shape factork and average wind speetj is given ag1]:

v = cr[1+ %) @)

whereTl is usual gamma function.

The parametek and cmay be estimated by the linear regression of tmutative Weibull
distribution given agl]:

F(v) =1—ex;{— GN (3)

where F(v) is cumulative Weibull distribution function.

22 ESTIMATION OF WIND POWER DENSITY

The available power in the wind flowing at meanespg, through a wind rotor blade with
sweep area at any given site can be estimatgd:as

p(v) = % oAV 4)

where p(v)is the wind power (Watt)pis the air density at site E21kgm™, A is the swept

area of the rotor blades” andv,,is the wind speed at that locatioms ™ .

The wind density (wind power per unit area) basedtlee Weibull Probability Density
Function can be calculated 8%

P 1
Pulv)== =5 o (5)
pu)=3 (103 ©
k=[£J_' )
Vm

wherep, (v)is the wind power densiym™ and ¢ is the standard deviation.

According to[9]:
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3.0 RESULTSAND DISCUSSIONS

Figure 1 shows the daily mean wind speed variaitiotbadan over the period of 10 years
from 1995-2004, while the yearly mean wind spe¢ahdard deviation and power available
are presented in Table 1. It is seen in Table fittehighest yearly wind speeds occurred in
1996 while the minimum occurred in 2002 as showmfiFigure 1. The monthly variation of
the wind speed is presented in Table 2. It is gbah the highest monthly wind speeds
occurred in February (0.90 m/s), March (1.07 m#g)ril (0.96 m/s) and May (0.88 m/s)
respectively for the whole year, while the minimunonthly wind speeds occurred in
October (0.54 m/s) and November (0.56 m/s).

The monthly standard deviation, mean wind speed,bWle distribution parameters,
predicted wind power density, cumulative frequeaogl available power for the whole year
are shown in Table 3. It can be seen that the shapemeter (k) varies between 1.94 and
3.69, while the scale parameter (c) ranges from @061.20 m/s. A high variation in shape
parameter was observed compared with that of peabmeter.

Table 1: Yearly Mean Wind Speed, Standard Deviation amtivgower in Ibadan
between 1995 and 2004 (IITA).

Year | v_ o P

(kW)
1995 | 0.95| 0.24| 0.65
1996 | 1.21| 0.23| 1.35
1997 | 1.10| 0.26| 1.01
1998 | 0.92| 0.42| 0.59
1999 | 0.83|0.42| 0.43
2000 [ 0.81]0.36| 0.40
2001 | 0.46| 0.26| 0.07
2002 | 0.40| 0.26| 0.05
2003 [ 0.41]0.27| 0.05
2004 | 0.53| 0.23| 0.11
Yearly | 0.7¢ | 0.3C| 0.32

where V, is mean wind speed am is the standard deviation.
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122 Table2: Monthly and Yearly Wind Speed and Standard Dewefrom 1995-2004 (IITA).

123 month par 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 whole Yr
Jan  V, 0.65 0.83 1.24 0.97 096 0.85 0.29 0.18 0.40 0.23 0.66
124 0 021 023 027 045 033 0.38 0.55 0.20 0.17 0.14 0.29
Feb V., 101 120 115 1.22 1.03 0.89 0.73 0.28 0.98 0.54 0.90
125 0 021 023 032 031 030 045 0.36 0.15 0.75 0.65 0.37
Mar V_ 120 150 1.44 1.34 099 1.34 1.00 0.80 0.67 0.39 1.07
126 0 028 024 032 031 029 0.39 0.27 0.52 0.36 0.16 0.31
Apr V. 114 112 1.18 1.50 1.04 1.48 0.79 0.35 0.43 0.53 0.96
127 0 032 031 029 034 037 0.40 0.50 0.29 0.31 0.30 0.34
May V_ 097 127 1.08 1.14 090 1.02 1.17 0.42 0.54 0.33 0.88
128 0 027 024 023 028 037 063 050 025 029 017  0.32
Jun V098 143 1.11 0.90 0.89 0.87 0.36 0.46 0.34 0.25 0.76
129 O 026 022 023 029 039 051 0.19 026 023 0.16  0.27
Jul V, 112 140 1.26 0.94 0.85 0.86 0.29 0.41 0.23 0.32 0.77
130 0 026 022 026 036 050 0.53 0.10 0.32 0.17 0.17 0.29
131 Aug V., 108 136 0.86 1.06 1.00 0.50 0.28 0.52 0.46 0.36 0.75
0 025 023 026 049 0.48 0.21 0.13 0.35 0.33 0.27 0.30
132 Sep V., 104 121 1.19 0.64 0.46 0.52 0.18 0.38 0.27 0.87 0.68
0 024 019 026 049 039 0.25 0.12 0.25 0.26 0.24 0.27
133 Oct V., 082 1.08 0.99 0.25 035 0.50 0.13 0.24 0.23 0.82 0.54
0 022 025 021 082 0.68 0.23 0.08 0.15 0.12 0.15 0.29
134 Nov V., 059 1.06 0.86 0.59 0.68 0.42 0.14 0.32 0.14 0.82 0.56
0 015 022 021 031 053 0.14 0.08 0.18 0.11 0.18 0.21
135 Dec V, 072 1.09 0.89 0.30 0.85 0.44 0.14 0.40 0.28 0.87 0.60
0 020 017 031 058 0.41 0.16 0.19 025 0.14 0.19 0.26
136 Year 095 1.21 1.1 0.92 0.83 0.81 0.46 0.4 0.41 0.53 0.76
0.24 0.23 0.26 0.42 0.42 0.36 0.26 0.26 0.27 0.23 0.3
137
138 Table 3: Monthly Weibull Shape Parameter k, and ScalerRater ¢, Mean Wind Speed,
139 Power availablend Power Density, 1995-2004 (IITA).
140
Month Scale Shape | Power | Available
g v, Factor | Factor | Density | power
Wim?, P | (kW)
C k
Jan 0.29 0.66 0.74 2.38 0.57 0.22
Fet 0.37 0.9C 1.02 2.57 1.4C 0.5¢
Mar 0.31 1.07 1.2C 3.6¢ 1.94 0.9¢
Apr 0.34 0.96 1.08 2.99 1.54 0.67
May 0.32 0.88 1.00 2.92 1.22 0.52
Jun 0.27 0.76 0.86 2.98 0.77 0.33
Jul 0.29 0.77 0.86 2.83 0.82 0.35
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Aug 0.3( 0.7¢ 0.84 2.64 0.7¢ 0.32
Sey 0.27 0.6¢ 0.7¢ 2.6¢ 0.5¢ 0.24
Ocl 0.2¢ 0.54 0.61 1.94 0.3¢ 0.12
Nov 0.21 0.56 0.64 2.84 0.33 0.13
Dec 0.26 0.62 0.70 2.52 0.45 0.18
Total 0.30 0.76 0.86 2.75 0.90 0.33

Table 4: Seasonal Weibull Distribution Parameters, Meand\8peed, Wind Power Density

and Power Available in Ibadan between 1995 and ZDTA).

Season Kk ¢ (m/s) v, P (W/m? P(kW)
Rainy 2.8: 0.87 0.77i 0.9: 0.4C
Dry 2.4¢ 0.8z 0.7z 0.8z 0.3z
Whole Year | 2.75 0.86 0.76 0.90 0.33

In order to determine the Weibull parameters fer $basonal mean wind speed, the months
are divided into two seasons identified as follows:

(a) Rain season: March to November.
(b) Dry season: December to February

The mean wind speed predicted by the Weibull PritibaDensity Function for rainy and
dry seasons are 0.77 and 0.73 m/s, the power hisitae 0.40 and 0.32 kW, while the
power density predicted are 0.93 and 0.82 ¥\espectively. The mean wind speed and
power availability was slightly higher during thenmy season than the dry season.

Table 5: Monthly Probability density distribution of the amured wind speed from Weibull
distribution function IITA

Month

Vin f(V)
Jar 0.6¢€ 0.0¢
Fel 0.9C 0.0z
Mar 1.07 0.0C
Apr 0.96 0.01
May 0.88 0.01
Jun 0.76 0.02
Jul 0.77 0.02
Aug 0.7t 0.0z
Sey 0.6¢ 0.0z
Ocl 0.54 0.0t
Nov 0.56 0.03
Dec 0.62 0.03
Total 0.76 0.02




158  Table6: Yearly Probability Density Distribution of the Msured Wind Speed from Weibull
159  Distribution Function lITA

Year v, g Shape Facton Scale Factor | f(v)
k c
1995 0.945 0.239 4.340 0.768 0.085
199¢ 1.21° 0.22¢ 5.947 1.03¢ 0.08(
1997 1.10¢ 0.26¢ 4.58¢ 0.90¢ 0.08¢
199¢ 0.91¢ 0.41¢ 2.31( 0.641 0.101
199¢ 0.83¢ 0.42( 2.07¢ 0.56¢ 0.104
200( 0.80¢ 0.357 2.39¢ 0.57( 0.10(
2001 0.45¢ 0.25¢€ 1.86° 0.29¢ 0.10¢
2002 0.39¢ 0.26¢ 1.54] 0.24( 0.11F
200¢ 0.41¢ 0.27( 1.57¢ 0.25¢ 0.11¢
200¢ 0.52¢ 0.23¢ 2.39¢ 0.371 0.10(
Total 0.76: 0.29¢ 2.75: 0.55¢ 0.09¢

160

161  Table 7: Monthly Wind Speed IITA.

1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004
Jan 065| 083 | 124 | 097 | 096 | 085 | 029 | 0.18 | 0.40 | 0.23
Feb 101| 120| 1.15| 122 | 103 | 0.89| 0.73 | 0.28 | 0.98 | 0.54
Mar 120 | 150 | 144 | 134 | 099 | 134 | 1.00| 080 | 0.67 | 0.39
Apr 114 | 112 | 118 | 150 | 1.04| 148 | 0.79| 035]| 0.43 | 0.53
May 097 | 127| 108 | 114 | 090 | 1.02| 117 | 0.42| 0.54 | 0.33
Jun 098 | 143 | 111 | 090 | 0.89 | 0.87| 036 | 0.46 | 0.34 | 0.25
Jul 112 | 140 | 126 | 094 | 085 | 086 | 0.29 | 041 | 0.23 | 0.32
Aug 108 | 136| 0.86| 1.06 | 1.00| 050 | 0.28 | 0.52 | 0.46 | 0.36
Sep 104 | 121| 119| 064 | 046 | 052 | 0.18 | 0.38 | 0.27 | 0.87
Oct 082 | 108 | 099 | 0.25| 035| 050| 0.13 ] 0.24| 0.23 | 0.82
Nov 059 | 106| 08 | 059| 0.68 | 0.42 | 0.14 | 032 | 0.14 | 0.82
Dec 072 | 109| 089 | 047 | 085 | 0.44 | 0.14 | 0.40| 0.28 | 0.87
Yearly 095| 121 | 1.10| 092 | 083 | 0.81 | 0.46 | 0.40 | 0.41 | 0.53

162

163  The monthly and yearly wind speed probability dndistributions are shown in Table 5 and Table 6
164  using equation 1. It is observed that the scaleofds directly related to the mean wind speed. The
165  higher the mean wind speed, the higher the sceterfaarameter.
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176 Figure 3a: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 1995.
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178 Figure 3b: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 1996.
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181 Figure 3c: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 1997.
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Figure 3d: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 1998.
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185 Figure 3e: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 1999.
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187 Figure 3f: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 2000.
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Figure 3i: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 200

Figure 3j: Daily Mean Actual Wind Speed Variation at 2m a.gtllITA in Ibadan in 2004.
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Figure 4: Monthly Wind Speed for the whole Year at 2m aatlliTA

Figures 1 and 3 show the yearly mean wind speddidigons plot for the year 1995-2004.
The highest mean wind speed occurred in 1996 wittd wpeed 1.21 m/s. The wind speed
fluctuates gradually from year to year for the pérbf observations. Figure 4 depicts the

monthly wind speed IITA for the whole year, the minm wind speed of 0.1#s ™" occurred

14
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in November in 2003 while the maximum wind speed. &0ms*occurred in March, 1996
and April, 1998 respectively.

It is observed that the high wind speeds at (II'Dayurred between March and September
during the rainy season, these are due to the higbunt of pressure gradient in the
atmosphere, the faster the difference in pressiieefaster the wind flows (from high to low
pressure) to balance out the variation. Effectitibzation of wind power entails a detailed
knowledge for the wind characteristics at the djpmtilocation. The power densities
calculated from the measured Probability Densitgtilbutions as presented in Table 3
showed that the minimum power densities occurrgddtober and November with 0.35 W/m

~ and 0.33 W/m’ respectively. It is noted that the highest powemsity values occurred in
March and April, with the maximum values of 1.94rw/ and 1.54 W/M’ respectively at
[ITA.

The monthly averages of the wind speeds are repeseén Table 7. Maximum monthly
profiles wind speeds vary between 1n®)" in March in 1996 and 1.58s™ in April in
1998. It is observed from Table 8 that the highmenhthly wind speeds occurred in March

(1.17, 1.47, 1.72 and 1.9%s " and April (0.98, 1.28, 1.51 and 1.843™* while the minimum
monthly wind speeds occurred in October (0.78, 11123 and 1.43js™, November (0.04,

0.76, 0.87 and 0.28)s™and December (0.40, 0.66, 0.26 and 1B ranging between
their respective heights (level 1-4). It is obsértieat the means were not the same for each
month. The wind at a given site varies frequentlyirections and its speed change rapidly
under gusting conditiong0]. It is also observed from Table 8 that the higiveisid speed
occurred in March and September at the highesthhéigvel 4) with the value 1.95 m/s

respectively, while the minimum wind speed of 0.6&™" occurred in the month of
November at the lowest height (level 1). The oversan wind speed at NIMEX site, Ibadan

was found to be 0.74, 1.02, 1.16 and T8Z gt their respective heights (level 1-4).

Figure 5 depicts the monthly wind speed distributad all (NIMEX) levels. It is observed
that the readings were related to the levels oktigpment installed; i.e. the higher the level
of equipment installed, the higher the readingghefwind speed values. The maximum wind
speeds occurred during the rainy season betweeohMard September while the minimum
mean wind speeds occurred between October and ecemind speed data were not
available for the month of January and February.

It is observed that the available power and thegyatensity are functions of the heights of
the equipment installed as shown in Table 9. Thadri the height of the equipment installed,
the higher the values of the available power angdguadensity obtained. A wind speed is
great at higher distance above the ground levehusex the effect of surface feature and
turbulence diminishes as the height increases.
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Figure 5: Monthly wind speed distribution NIMEX.

Table 8: Monthly Wind Speed and Standard Deviation NIMEX.

Months Level 1 Level 2 Level3 Level 4
A o v, o Vv, .

March 1.17 0.26 1.47 0.30 1.72 0.50 1.95 0.50
April 0.98 0.16 1.28 0.21 1.51 0.33 1.84 0.33

May 0.93 0.28 1.21 0.25 1.36 0.31 1.54 0.31

June 0.97 0.33 1.22 0.39 1.36 0.43 1.52 0.43
July 1.11 0.24 141 0.29 1.59 0.33 1.80 0.33

August 1.22 0.29 1.55 0.37 1.72 0.47 1.94 0.33
September 1.22 0.35 1.56 0.46 1.78 0.54 1.95 0.54
October 0.78 0.35 1.12 0.34 1.23 0.39 1.43 0.39

November 0.04 0.12 0.76 0.27 0.87 0.28 1.06 0.2§

December 0.40 0.25 0.66 0.19 0.79 0.26 1.01 0.26
Total mean 0.74 0.22 1.02 0.26 1.16 0.32 1.34 0.32

16



249

250 Table 9: Average Wind Speed, Available Power, Mean Power \Afeibull Parameters for
251 the whole year NIMEX
NIMEX Level | NIMEX Level 2 | NIMEX Level 3| NIMEX Level 4
1

Power density\/Vm"2 1.24 2.59 5.52 5.61

Weibull scale parameter0.83 1.15 1.80 1.51

c

Weibull shape parameter3.03 5.43 3.43 3.39

k

Total wind speed 0.74 1.02 1.16 1.34

Yearly Available wind| 0.31 0.81 1.19 1.83

power(kW)
252
253 40 CONCLUSION
254  The wind speed data for Ibadan have been analyagstigally based on Weibull Probability
255  Distribution Function. The daily, monthly, seasonahd yearly Weibull probability
256  Distribution parameters, mean wind speeds and ablailpower for the location have been
257 determined. Based on the analysis the followingk@ions can be made:
258 1. The Annual Wind Power Density value of 0.90 W/mfor the whole year was
259 obtained. The actual mean yearly wind speed of (6 at IITA is obtained. The
260 annual wind power density value 6f6Wm™ and available power of 1.83kW at the
261 highest height (level 4) at NIMEX are also obtainedich indicated that, Ibadan can
262 be classified as a low wind energy region and lomgs to the wind power class 1,
263 since the density value is less than 100 W/m
264 2. ltis concluded that the location is a good redimndesign of structures and building
265 and agricultural purposes. It is also noted thag, highest wind speed prevails in
266 Ibadan is in March.
267 3. The yearly power density value d6Mm2at NIMEX and 0.90 W/n¥ at IITA
268 indicate that the level of power density is inadsqufor connecting electrical and
269 mechanical application.
270
271
272
273
274
275
276

17




277
278

279
280
281
282
283
284
285
286

287
288
289

290

2901

292

293

294
295
296
297
298

299

300
301
302
303
304
305
306
307
308
309

310

311
312
313
314
315
316

317

NOMENCLATURE

Probability of observing wind speed
Dimensionless Weibull Shape Factor

c Weibull Scale Parameter.
F(v) Cumulative Distribution Function
v wind Speed (m/s)
v, Mean Value of the Wind Speed
r Gamma Function
p(v) wind Power (W)
2
Py Wind Power Density (W/m
3
Yo, Air Density at the site = 1.21(kg/n
2
A Swept Area of the rotor blades (m
o Standard Deviation
N Number of Observations
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