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Introduction
Despite abundant fossil fuel resources available both globally and 

in Nigeria, the electricity demand of the Nigerian population is still 
much larger than the present supply [1]. This coupled with the threat 
of foreseen fossil fuel depletion, changing climate, air pollution and oil 
price volatility [2-4], implies that alternative approaches to electricity 
generations are been constantly considered. These alternatives approach 
are majorly renewables because they offer a sustainable solution and 
are quite immune to energy security concerns [4,5]. Energy security 
concerns can be broadly viewed under the indices of availability, 
affordability and resilience [5]. The energy mix has witnessed an 
increasing share of renewables towards attaining sustainability, better 
air quality and mitigating climate change [6-10]. Installed capacity of 
wind energy has increased with previous studies highlighting the wind 
energy growth regime [7-14]. Furthermore, [15] stated that “wind 
energy assessment is a topic of both scientific interest and an issue of 
relevance with ecological, economic and political implications”. While 
wind energy has been continually exploited by nations with large wind 
resources [15-20], there exists limited evidence of such studies in 
Nigeria where electricity supply is still below demand [1]. Residential 
power supply in small communities and rural environments have been 
severely impacted by this crisis thereby posing a challenge to comfort, 
health and productivity of residents, culminating in high poverty levels 
and low Gross Domestic Product (GDP).

This study seeks to investigate the wind energy resources in 
Koluama, Bayelsa State, Nigeria (4.47°N; 5.77°E; altitude 6.1m; air 
density 1.225 kg/m3) using 30 years historical data to establish the trend 
and variability of wind speed and direction, estimate wind power density 
and potential via a range of turbines and make recommendations based 
on results. The results from this study will provide an analysis of the 
possible impact of local meteorology on the adoption and use of wind 
energy for powering small communities both in Nigeria and regions 
where a transition to renewables is required or electricity supply is short 
of demand.
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Abstract
Although the concept of wind energy potential assessments has matured considerably, there is only limited 

application and adoption in regions of energy crisis where electricity demand far exceeds supply. For Nigeria, seeking 
alternate sources of energy to meet its energy demand is essential and must be met in a sustainable practice. This 
study analyzed the electricity generation potential from wind at Koluama, Bayelsa State, Nigeria using a combination of 
10-m monthly mean wind speed and direction data (1984-2013) and five year daily wind speed data (2009-2013). The
data were subjected to different statistical tests and also compared with the two-parameter Weibull probability density
function. Maximum mean day of year (DOY) wind speed recorded was 5.25 m/s and minimum wind speed was 0.92
m/s, while seasonal mean wind speed during the dry months (DJF) is estimated to be 4.05 m/s and 4.32 m/s during the
wet months of June, July August and September (JJAS) for the 30-year period considered. Wind power density (WPD)
ranged from 82 W/m2 to 145 W/m2 in November and August respectively.

Lastly, small scale wind-to-electricity power generation was assessed using six (6) practical wind turbines. The AV 
928 turbine had the maximum energy yield, despite relatively low capacity factor of less than 10%. 
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Study Area
The study area as shown in Figure 1 is Koluama, situated in Bayelsa 

State within the eastern region of Niger Delta, Nigeria. Geographically, 
it is located between latitude  04°47`N and longitude 5°77`E.  The 
location features a tropical monsoon climate with a lengthy and heavy 
rainy seasons and a very short dry season from December to January. 
The Harmattan, which climatically influences many cities in West 
Africa is less pronounced over the region. Koluama’s heaviest rainfall 
occurs during September with an average of 367 mm of rain and the 
lowest rainfall occurs during December with an average rainfall of 20 
mm. Temperature throughout the year varies from 25 to 28°C. The
vegetation is mainly mangrove and salt water swamps, but a major part
had largely been destroyed by oil exploration [21,22].

Data and Methodology 
Data

Thirty years monthly mean wind speed and direction data at a 
height 10 m above sea level from (1984-2013) and five years (2009-
2013) daily wind data were assessed from the archive of Nigeria 
Meteorological Agency (NIMET) for the study area. The data were 
recorded continuously using cup-generator anemometer. These dataset 
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were then analyzed to determine the monthly, seasonal and yearly wind 
resource potentials for power generation.

Methods

In previous studies, various statistical distributions exist for 
describing and analyzing wind resource data. Some of these include 
normal and lognormal, Rayleigh and Weibull probability distributions 
to mention a few [23-25]. However, of these statistical methods, the 
Weibull distribution has been found to be accurate and adequate in 
analyzing and interpreting the situation of measured wind speed and 
in predicting the characteristics of prevailing wind profile over a place 
[26-28]. Thus, in this study, the Weibull two parameter probability 
density function (PDF) was employed in carrying out the analyses of 
over the study area and is mathematically expressed as:

( )
k 1 kk v vf v exp

c c c

−      = −     
      

	                             (1)

Where k is the Weibull shape parameter, c is the scale parameter 
and f (v) is the probability of observing wind speed v (m/s).

The Weibull Cumulative Density Function (CDF) corresponding to 
the PDF is given as:

( )
kvF v 1 exp

c
  = − −  
    			                  (2)

Where F (v) is the cumulative distribution function of observing 
wind speed v.

The mean value of the wind speed Vweibull and standard deviations 
σ for the Weibull distribution as defined in terms of the Weibull 
parameter k and c are given as:

weibull
1V c 1
k

 = Γ + 
 

                                                                     (3)

and
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                                                               (4)

Where 𝞒(x) is the gamma function of (x)

Evaluation of wind power density (WPD): The WPD evaluation 
can be carried out in two forms. One based on available power in 
the wind as captured by the wind conversion system and estimated 
directly from the wind speed v (m/s) and the other based on the 
Weibull two-parameter method. These two approaches are given as

( ) 31P v Av
2

= ρ                                                                            (5)

( ) ( ) 3p v 1 3p v c 1
A 2 k

 = = ρ Γ + 
 

                                       (6)

Where, P (v) is the wind power (W), p (v) is the wind power density 
(W/m2), ρ is the air density (kg/m3) at the site and A is the swept area 
of the rotor blade (m2).

However, to simulate the electrical power output of a model wind 
turbine requires using:
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Where PeR is the rated electrical power, Vc is the cut-in wind speed, 
VR is the rated wind speed and VF is the cut-out speed respectively of 
the model wind turbine.

Also, the average power output (Pe, ave) from a turbine 
corresponding to the total energy production and related to the total 
income/cost analysis was evaluated from:
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The capacity factor (CF) which is the ratio of average power output 
to turbine rated/maximum output [2] is evaluated from

e, ave

eR

P
CF  

P
=                                                                                   (9)

Since the standard height for most turbines is 80m, the wind speed 
over Koluama was estimated to a height of 80 m using

80
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 V  V
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 				               (10)

Where Vref=V80=wind speed at 80 m, V10=wind speed at 10-m 
height, h80=80 m height, h10=10 m height and α=wind shear coefficient 
for the sites=0.147 [26]. The mathematical expressions in equations 
1-10 can also be found in previous available data [14-20,27,28].

Results and Discussion 
Mean climatology

The wind climatology over the study area for the years 2009 to 

 

Figure 1: Location of Koluama, Bayelsa State, Nigeria (Source: https://
google.com/maps).

https://google.com/maps
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Figure 2: Day of Year average wind speed (m/s) at Koluama for 2009-2013.

Figure 3: Monthly mean climatology of wind speeds from 1984-2013.

Figure 4: Climatological plot of yearly mean wind speed for the period 1984-2013.

2013 was investigated and shown in Figure 2 using average day of the 
year (DOY) wind speed (m/s). For the period considered, maximum 
mean DOY wind speed was approximately 5.25 m/s recorded on Julian 
day 139 while the minimum was 0.92 m/s recorded on Julian day 319. 
On the overall, mean wind speed distribution at the study site can be 

 

Figure 5: Monthly variation of mean wind speed for the 30 years period under 
consideration.

 

Figure 6: Plot of dry months (DJF), wet months (JJAS), and the whole-year 
(January-December) of mean wind speed for Koluama. 

broadly described as 3.03 ± 0.82 m/s with a range of 4.33 m/s. 

Considering the thirty years monthly wind speed climatology, 
a decline in monthly mean wind was observed over the study area 
as shown in Figure 3. Also, a decline in yearly mean wind speed 
measurements from 1984-2013 was observed in Figure 4. The peak 
value of 5.95 m/s was observed in 1986, a low of 1.98 m/s in 2010 and 
a decreasing trend in wind speed at the rate of -0.044 m/s per year is 
evident over the study area. Furthermore, the monthly variation of mean 
wind speed over the study area is presented in Figure 5. The highest 
observed value of mean wind speed is 4.62 m/s in August and the lowest 
of 3.60 m/s in November. Additionally, the mean wind speed during the 
dry months (December, January and February) and wet season (June, 
July, August and September) from 1984 to 2013 is presented in Figure 
6. The average wind speed varies from 4.05 m/s in the dry months to 
4.32 m/s in the wet months. This stronger wind regime during the wet 
season is expected have impact on rainfall and other weather related 
events considering Koluama’s proximity to the Atlantic Ocean. 

The prevailing wind direction at Koluama for January-December is 
shown in Figure 7. The dominant wind direction over the study area is 
southerly and south westerly winds throughout the year. It is important 
to note that there were few cases of strong northerly wind during the 
dry months of December and January. These observed wind directions 
over the study area is partly modulated by sea breezes from the Atlantic 
Ocean, while the seasonal wind reversal (monsoon) is responsible for 
the dominant south westerly wind in the wet season. However, during 
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Figure 7: Prevailing wind directions and wind speed at Koluama direction for 
January – December for the period of 2009-2013.

 

Figure 8: Probability density function (PDF) plot of whole-year data series 
covering 1984-2013.

 

Figure 9: Cumulative density function (CDF) plot of whole-year data series 
covering 1984-2013.

 

Figure 10: Computed monthly wind power density.

Period Vm (m/s) C K Weibull 
(m/s)

σ actual 
(m/s)

σ Weibull 
(m/s)

Jan 4.065 4.529 3.328 4.085 1.343 1.346

Feb 4.342 4.82 3.576 4.442 1.168 1.348

Mar 4.348 4.827 3.581 4.248 0.849 1.348

Apr 4.523 5.009 3.738 4.523 1.232 1.349

May 4.153 4.623 3.407 4.253 1.232 1.347

Jun 4.073 4.539 3.336 4.173 1.069 1.346

Jul 4.376 4.856 3.606 4.296 1.365 1.348

Aug 4.615 5.105 3.821 4.715 1.339 1.35

Sep 4.235 4.708 3.48 4.235 1.156 1.347

Oct 3.856 4.309 3.143 3.896 0.971 1.344

Nov 3.605 4.041 2.921 3.705 1.118 1.342

Dec 3.752 4.199 3.051 3.852 1.25 1.343

Dry 4.053 4.517 3.318 4.123 1.254 1.346

Wet 4.325 4.802 3.56 4.385 1.232 1.348

Whole year 4.162 4.632 3.415 4.192 1.174 1.347

Table 1: Weibull results and estimation parameters using 30 years wind speed 
data.

the dry months of December and January, the north easterly trade 
wind flows towards the ocean as a result of the monsoon retreat, which 
explains the observed strong northerly wind in the dry months. 

Wind energy potential assessment

Using wind speed data from 1984 to 2013, Table 1 depicts results 
of the Weibull statistical analysis and the standard deviation for the 
predicted Weibull parameters k and c, used for the for corresponding 
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Figure 11: The vertical wind shear profile from 10 m to 100 m height at the 
study site.

 

Figure 12: Capacity factors of generation using the six wind turbines.

Wind 
turbine Vc (m/s) VF (m/s) VR (m/s) PeR (kW)

Hub 
Height 

(m)

Rotor 
diameter 

(m)

GE 1.5sle 3.5 25 14 1500 65/80 77

GE 1.5xle 3.5 20 11.5 1500 80 82.5

AV 928 3 25 11.6 2500 80 93.2

AV 927 3 25 13.1 3300 60/80 93.2

V 90 4 25 15 3000 80 90

SWT-
3.6.107 3 25 13 3600 80 107

Table 2: Technical details of the wind turbine model.

monthly PDF and CDF plots presented in Figures 8 and 9. The 
probability distribution function of wind speed is essential in evaluating 
the availability of wind power at a site. It also permits the selection of 
appropriate wind machines for exploiting the wind energy. The 30 year 
average k and c Weibull parameters obtained were used in equation 1 
to obtain probability distribution for the different wind speeds from 1 
m/s to 11 m/s (incremental of 1 m/s) which is then plotted in Figure 8 
and the cumulative probability plotted in Figure 9. These figures reveal 
that up to 70% of the data series ranged from about 2.0 to 5.8 m/s. The 
most probable wind speed at the site is about 4.2 m/s while wind speed 
greater than 8.0 m/s shows very low probability.

Figure 10 depicts the estimated monthly wind power, generated 
at Koluama. Two peaks occurred in April (139.79 W/m2) and August 
(145.48 W/m2) and a low in November (81.94 W/m2). Also, two 
decreasing wind power trends were observed: i) April through June 
and ii) August through November. Similarly, two increasing wind 
power trends: i) June through August and ii) November through 
April. Furthermore, because the majority of the available turbine hub 
heights are at 80 m, the wind profile characteristics were estimated 
for this height using equation 10. The speeds at this new height were 
then employed for Weibull re-analyses. Thus at heights above 10 m, the 
economic viability of wind energy at the site is best investigated using 
equation 10. The wind speed profile between heights 10 to 100 m is 
presented in Figure 11.

Adapting real wind turbine to Koluama

Previous studies have evidently shown that wind turbine installation 
is capital intensive [27-29]. Therefore it is important to assess turbine 

parameter relative to the site’s wind profile. This entails estimating the 
amount of electrical power that a particular wind turbine will likely 
generate and thus, the estimated Capacity Factor (CF) is a pointer to 
the turbine's generation capacity. Based on the above, we assessed six 
different turbines with technical parameters given in Table 2. Equations 
7-9 were then used to evaluate the power output from each of the 
turbines. Figure 12 depicts the estimated capacity factor of generation 
for six turbines: GE 1.5xle, GE 1.5sle, AV 928, AV 927, SWT-3.6-107 
and V 90. Capacity factors (in %) of generation peaked in August with 
approximate values of 9, 4, 9, 6, 6 and 3 respectively while been lowest in 
March. Turbines GE 1.5xle and AV 928 had the highest capacity factors 
of generation at the study site. The monthly average power output (kW) 
for the six turbines: GE 1.5xle, GE 1.5sle, AV 928, AV 927, SWT-3.6-107 
and V 90 were 47, 22, 86, 70, 71 and 26 respectively as seen in Figure 13. 
This result indicates that the AV 928 had the highest energy production 
(kW) of the turbines considered.

Conclusion
This study assessed the wind energy potential for power generation 

over Koluama, Bayelsa State, Nigeria. Thirty years of mean wind data at 
10 m height were assessed and analyzed. Also, the data was subjected to 
Weibull two-parameter and other wide range of statistical analyses. The 
results revealed the following;

i.	 Monthly mean wind speeds peaked in August at 4.62 m/s and 

Figure 13: Power output (kW) of six wind turbines using mean wind speed at 
80 m.
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were at a low in November at 3.60 m/s. A secondary peak was further 
observed in April at 4.52 m/s. Some seasonal variability was observed 
between the dry (DJF) and wet (JJAS) months mean wind speeds, with 
lower mean wind speed of 4.05 m/s in DJF and a higher value of 4.32 
m/s during the wet JJAS period;

ii. Maximum (minimum) recorded annual mean wind speeds
was 5.95 m/s (1.98 m/s) in the year 1986 and 2010 respectively. The 
wind speed exhibited a decreasing trend of -0.044 m/s per year;

iii. Annual prevailing wind direction over the study area was
majorly southerly, south-westerly and westerly. This may be attributed
to the proximity of the Atlantic ocean;

iv. Maximum estimated wind power density (145.48 W/m2) was 
observed in August and at a low in November with 81.95 W/m2;

v. Turbine monthly power output peaked in August and was
least in March and October. The AV 928 turbine had the maximum 
energy output followed by the SWT-3.6-107. However, the capacity 
factor was relatively low (~10%) and this raises concern about the 
economic viability of large scale wind power project in the study site. 

Acknowledgement

We are grateful to the Nigeria Meteorological Agency (NIMET) for the 
provision of the ground observation data.

References

1. Oyedepo SO (2012) On energy for sustainable development in Nigeria. Renew 
Sustain Energy Rev 16: 2583-2598.

2. Dunning CM, Turner AG, Brayshaw DJ (2015) The impact of monsoon
intraseasonal variability on renewable power generation in India. Environ Res
Lett 10: 064002.

3. Reddy BS, Assenza GB, Assenza D, Hasselmann F (2009) Energy efficiency 
and climate change: Conserving power for a sustainable future. SAGE
Publications India Pvt Ltd, New Delhi.

4. Alagappan L, Orans R, Woo CK (2011) What drives renewable energy
development? Energy Policy 39: 5099-5104.

5. Valentine SV (2011) Emerging symbiosis: Renewable energy and energy
security. Renew Sustain Energy Rev 15: 4572-4578.

6. PortmanME, Duff JA, Koppel J, Reisert J, Higgins ME (2009) Offshore wind
energy development in the exclusive economic zone: legal and policy supports 
and impediments in Germany and the US. Energy Policy 37: 3596-3607.

7. Liu Y, Kokko A (2010) Wind power in China: Policy and development challenges. 
Energy Policy 38: 5520-5529.

8. Meyer NI (2007) Learning from wind energy policy in the EU: Lessons from
Denmark, Sweden and Spain. European Environment 17: 347-362.

9. Ackerman T, Soder L (2000) Wind energy technology and current States: A
review. Renew Sustain Energy Rev 4: 315-374.

10.	Kenisarin M, Karsli VM, Caglar M (2006) Wind power engineering in the world
and perspectives of its development in Turkey. Renew Sustain Energy Rev 10: 
341-369.

11. Faulin J, Lera F, Pintor JM, García J (2006) The outlook for renewable energy
in Navarre: An economic profile. Energy Policy 34: 2201-2216.

12.	Ely CR, Brayshaw DJ, Methven J, Cox J, Pearce O (2013) Implications of the
North Atlantic Oscillation for a UK-Norway renewable power system. Energy
Policy 62: 1420-1427.

13.	Brayshaw DJ, Troccoli A, Fordham R, Methven J (2011) The impact of large
scale atmospheric circulation patterns on wind power generation and its

potential predictability: A case study over the UK. Renew Energy 36: 2087-
2096. 

14.	Crawford RH (2009) Life cycle energy and greenhouse emissions analysis of
wind turbines and the effect of size on energy yield. Renew Sustain Energy
Rev 13: 2653-2660.

15.	García-Bustamante E, Gonzálezn Rouco JF, Jiménez PA, Navarro J, Montávez 
JP (2009) A comparison of methodologies for monthly wind energy estimation.
Wind Energy 12: 640-659.

16.	Weisser D (2003) A wind energy analysis of Grenada: An estimation using the
“Weibull” density function. Renew Energy 28: 1803-1812. 

17.	Shu Z, Li QS, Chan PW (2015) Investigation of offshore wind energy potential
in Hong Kong based on Weibull distribution function. Appl Energy 156: 362-
373.

18.	Celik AN (2003) Weibull representative compressed wind speed data for
energy and performance calculations of wind energy systems. Renew Energy
44: 3057-3072.

19.	Bustamante EG, González-Rouco JF, Jiménez PA, Navarro J, Montávez
JP (2008) The influence of the Weibull assumption in monthly wind energy 
estimation. Wind Energy 11: 483-502.

20.	Celik AN (2003) Assessing the suitability of wind speed probability distribution
functions on wind power density. Renew Energy 28: 1563-1574.

21.	Olowoyo DN (2011) Physicochemical characteristics of rainwater quality of
Warri axis of Delta state in Western Niger Delta region of Nigeria. J Environ
Chem Ecotoxicol 3: 320-322.

22.	Akinsanola AA, Ogunjobi KO (2014) Analysis of rainfall and temperature
variability over Nigeria. Glob J Hum-Soc Sci B 14: 11-40.

23.	Ajayi OO, Fagbenle RO, Katende J, Okeniyi JO (2011) Availability of wind
energy resource potential for power generation of Jos, Nigeria. Frontiers
Energy 5: 376-385.

24.	Carta JA, Ramirez P, Velazquez S (2009) A review of wind speed probability
distributions used in wind energy analysis: Case studies in the Canary Islands: 
case studies in the Canary Islands. Renew Sustain Energy Rev 13: 933-955.

25.	Akpinar EK, Akpinar S (2005) An assessment on seasonal analysis of wind
energy characteristics and wind turbine characteristics. Energy Convers
Manage 46: 1848-2167.

26.	Fadare DA (2008) Statistical analysis of wind energy potential in Ibadan,
Nigeria, Based on Weibull Distribution Function. The Pacific J Sci Technol 9: 
110-119.

27.	Lynn PA (2012) Onshore and offshore wind energy: An introduction. John Wiley 
& Sons, US.

28.	Keyhani A, Ghasemi-Varnamkhasti M, Khanali M, Abbaszadeh R (2010) An
assessment of wind energy potential as a power generation source in the
capital of Iran, Tehran. Energy 35: 188-201.

29.	Fagbenle RO, Katende J, Ajayi OO, Okeniyi JO (2011) Assessment of wind
energy potential of two sites in North-East, Nigeria. Renew Energy 36: 1277-
1283.

http://dx.doi.org/10.1016/j.rser.2012.02.010
http://dx.doi.org/10.1016/j.rser.2012.02.010
http://dx.doi.org/10.1088/1748-9326/10/6/064002
http://dx.doi.org/10.1088/1748-9326/10/6/064002
http://dx.doi.org/10.1088/1748-9326/10/6/064002
http://dx.doi.org/10.4135/9788132108139
http://dx.doi.org/10.4135/9788132108139
http://dx.doi.org/10.4135/9788132108139
http://dx.doi.org/10.1016/j.enpol.2011.06.003
http://dx.doi.org/10.1016/j.enpol.2011.06.003
http://dx.doi.org/10.1016/j.rser.2011.07.095
http://dx.doi.org/10.1016/j.rser.2011.07.095
http://dx.doi.org/10.1016/j.enpol.2009.04.023
http://dx.doi.org/10.1016/j.enpol.2009.04.023
http://dx.doi.org/10.1016/j.enpol.2009.04.023
http://dx.doi.org/10.1016/j.enpol.2010.04.050
http://dx.doi.org/10.1016/j.enpol.2010.04.050
http://dx.doi.org/10.1002/eet.463
http://dx.doi.org/10.1002/eet.463
http://dx.doi.org/10.1016/S1364-0321(00)00004-6
http://dx.doi.org/10.1016/S1364-0321(00)00004-6
http://dx.doi.org/10.1016/j.rser.2004.09.011
http://dx.doi.org/10.1016/j.rser.2004.09.011
http://dx.doi.org/10.1016/j.rser.2004.09.011
http://dx.doi.org/10.1016/j.enpol.2005.04.005
http://dx.doi.org/10.1016/j.enpol.2005.04.005
http://dx.doi.org/10.1016/j.enpol.2013.06.037
http://dx.doi.org/10.1016/j.enpol.2013.06.037
http://dx.doi.org/10.1016/j.enpol.2013.06.037
http://dx.doi.org/10.1016/j.renene.2011.01.025
http://dx.doi.org/10.1016/j.renene.2011.01.025
http://dx.doi.org/10.1016/j.renene.2011.01.025
http://dx.doi.org/10.1016/j.renene.2011.01.025
http://dx.doi.org/10.1016/j.rser.2009.07.008
http://dx.doi.org/10.1016/j.rser.2009.07.008
http://dx.doi.org/10.1016/j.rser.2009.07.008
http://dx.doi.org/10.1002/we.315
http://dx.doi.org/10.1002/we.315
http://dx.doi.org/10.1002/we.315
http://dx.doi.org/10.1016/S0960-1481(03)00016-8
http://dx.doi.org/10.1016/S0960-1481(03)00016-8
http://dx.doi.org/10.1016/j.apenergy.2015.07.027
http://dx.doi.org/10.1016/j.apenergy.2015.07.027
http://dx.doi.org/10.1016/j.apenergy.2015.07.027
http://dx.doi.org/10.1016/S0196-8904(03)00075-X
http://dx.doi.org/10.1016/S0196-8904(03)00075-X
http://dx.doi.org/10.1016/S0196-8904(03)00075-X
http://dx.doi.org/10.1002/we.270
http://dx.doi.org/10.1002/we.270
http://dx.doi.org/10.1002/we.270
http://dx.doi.org/10.1016/S0960-1481(03)00018-1
http://dx.doi.org/10.1016/S0960-1481(03)00018-1
http://dx.doi.org/10.5897/JECE11.017
http://dx.doi.org/10.5897/JECE11.017
http://dx.doi.org/10.5897/JECE11.017
https://globaljournals.org/GJHSS_Volume14/1-Analysis-of-Rainfall-and-Temperature.pdf
https://globaljournals.org/GJHSS_Volume14/1-Analysis-of-Rainfall-and-Temperature.pdf
http://link.springer.com/article/10.1007%2Fs11708-011-0167-5
http://link.springer.com/article/10.1007%2Fs11708-011-0167-5
http://link.springer.com/article/10.1007%2Fs11708-011-0167-5
http://dx.doi.org/10.1016/j.rser.2008.05.005
http://dx.doi.org/10.1016/j.rser.2008.05.005
http://dx.doi.org/10.1016/j.rser.2008.05.005
http://dx.doi.org/10.1016/j.enconman.2004.08.012
http://dx.doi.org/10.1016/j.enconman.2004.08.012
http://dx.doi.org/10.1016/j.enconman.2004.08.012
http://www.akamaiuniversity.us/PJST9_1_110.pdf
http://www.akamaiuniversity.us/PJST9_1_110.pdf
http://www.akamaiuniversity.us/PJST9_1_110.pdf
http://dx.doi.org/10.1002/9781119954613
http://dx.doi.org/10.1002/9781119954613
http://dx.doi.org/10.1016/j.energy.2009.09.009
http://dx.doi.org/10.1016/j.energy.2009.09.009
http://dx.doi.org/10.1016/j.energy.2009.09.009
http://dx.doi.org/10.1016/j.renene.2010.10.003
http://dx.doi.org/10.1016/j.renene.2010.10.003
http://dx.doi.org/10.1016/j.renene.2010.10.003

	Corresponding author
	Abstract 
	Keywords
	Introduction
	Study Area
	Data and Methodology 
	Data
	Methods

	Result and Discussion 
	Mean climatology
	Wind energy potential assessment
	Adapting real wind turbine to Koluama

	Conclusion
	Acknowledgement
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	References

