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Abstract: This study has been focused on the vertical profile determination of the winds under a neutral atmosphere in order to 

assess of the wind power density at three sites in Guinea. The power law has been used as an extrapolation model for wind speed. 

The Weibull function has been used to estimate the wind power density. The satellite data at 10 m above the ground recorded 

during the period from January 2001 to December 2015 on the sites of Conakry, Mamou and N’zérékoré sites were used. The 

results indicate that the Conakry site is the windiest of the three study sites with an average speed estimated at 2.83 m.s
-1

 at 10 m 

and 4.23 m.s
-1

 at 100 m above the ground. The form parameter k of Weibull varies from 1 to 1.8 and the scale parameter c from 

1.5 to 6 m.s
-1

 and are both increasing functions of altitude. Finally, the quantities of energy obtained at the three sites reveal that 

only the Conakry site could be suitable for the installation of small wind turbines for the wind energy production. The average 

annual density is estimated at 45.77 W.m
-2

 at 10 m; 85.62 W.m
-2

 at 50 m and 113.31 W.m
-2

 at 100 m. On the Mamou and 

N’zérékoré sites, the pumping water from multi-blade wind turbines could be considered. 
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1. Introduction 

Access to energy is a major challenge for the 

socio-economic well-being of populations. With the 

progressive depletion of traditional energy sources and their 

impact on the environment, it is imperative to reconcile the 

development strategies of the energy sector with the 

environment. There are therefore prospects for the renewable 

energies which are today essential in the energy mix. Among 

these sources, the wind power is enough promising and the 

global installed capacity is constantly increasing (from 23,900 

in 2001 to 539,581 MW in 2017) [1]. It therefore deserves to 

be exploited, especially in developing countries. For a better 

exploitation of wind energy on a site, the availability of wind 

data at an altitude higher than 10 m above the ground is 

important for the assessment of potential. Unfortunately, the 

measurement heights of meteorological towers (10 m above 

the sea level) are generally lower than those of the modern 

turbines which sometimes exceed 100 m above the ground. 

To cope with this difficulty, there are simple approaches to 

extrapolating wind speed, based on Monin-Obukhov theory and 

applicable only in the surface layer [2, 3]. It is the power and 

logarithmic laws which give a better profile of the wind speed at 

altitude and developed by several authors such as [4-14]. 

Elkinton et al. [4] show that their predictions in altitude are 

identical, although on certain sites, one model may be better than 

another. For Emeis [6], under ideal conditions for wind energy 

conversion, the power law allows to estimate more easily the 

wind profile in the surface layer. Lackner et al. [15] founded that 

the power law is more suitable for giving a realistic wind profile 
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to that of the logarithmic law. In the studies of Elkinton et al. [5] 

reported by Okorie et al. [16], the authors believe that the profile 

of winds in altitude obtained by the power law is more 

representative on a site. In view of these different works, the use 

of the power law is therefore more appropriate. It requires the 

knowledge of the shear coefficient which depends on the nature 

of the ground and the atmospheric stability of each sites [17, 18]. 

Thus, a shear model is necessary to extrapolate the wind resource 

observed from the lower heights available at the height of the 

turbine hub. In the literature several values of wind shear are 

proposed according to the nature of the ground and for neutral 

atmospheric conditions [19, 20]. 

In Guinea and at the three study sites (Conakry, Mamou, 

N'zérékoré), the wind speeds at an altitude above 10 m are not 

accessible except the wind data at a height of 10 m used in this 

study. To compensate for this lack of data on wind in altitude, 

the power law model under a neutral atmosphere has been used 

in this study to estimate the wind speed between 10 and 100 m 

altitude and assess the available wind potential. To achieve of 

this goal, some characteristics of the average wind speed on the 

three sites have been in first determined. Then, the extrapolation 

of the wind speeds from 10 m to 100 m has been carried out. 

Finally the wind power density has been evaluated in order to 

deduce from this study the sites capable to shelter wind projects. 

2. Material and Methods 

2.1. Presentation of Study Area and the Data Used 

Guinea is located in the West Africa and covers an area of 

245,857 km². It is a coastal country with 300 km of Atlantic 

coastline, halfway between the equator and the Tropic of 

Cancer (between 7 05 and 12°51 north latitude and 7°30 and 

15°10 west longitude). It is bounded in the west by the 

Atlantic Ocean, in the south by Sierra Leone and Liberia, in 

the east by Côte d’Ivoire and Mali and in the north by Guinea 

Bissau, Senegal and Mali [21]. The country is characterized 

by significant climatic differences, due in large part of the 

relief variety. The sub-Guinean tropical climate in Lower 

Guinea has an average temperatures of order from 23°C to 

25°C, a significant rainfall between 2,100 and 5,000 mm, 

with a monthly maximum of more than 1,000 mm recorded 

in August. In the tropical mountain climate of the Foutanien 

type, in average Guinea, the two seasons are of 

approximately equal duration and the rainfall varies from 

1600 mm to 2000 mm. Given the altitude, the temperatures 

are lower at night and during the dry season. The dry 

sub-Sudanian tropical climate of Upper Guinea totalizes a 

lower amount of rain: 1100 to 1800 mm and raised 

temperatures varying between 26°C and 27°C due to the 

influence of continentality. From December to February, the 

influence of the harmattan is noticed. The subequatorial 

climate of Forest Guinea is characterized by a long rainy 

season from eight to ten months (1600 to 2800 mm of rain) 

and the average annual temperatures of order from 24° to 

26°C [22]. Three areas were selected for this study, namely 

Conakry, Mamou, N’zérékoré. Figure 1 gives an overview of 

their geographic location in Guinea and Africa. 

 

Figure 1. Geographical situation of the study area. Location on the map of Africa. 

The satellite data of the daily average wind speed recorded 

and provided by the Guinean national weather direction 

covering the period from January 2001 to December 2015 

have been used in this study. In Table 1, the characteristics of 

the measurement sites are presented. 

Table 1. Characteristics of measurement sites. 

Site Longitude Latitude Height 

Conakry 13°34’ O 9° 34’ N 10 m 

Mamou 12° 05’ O 10° 22’ N 10 m 

N’zérékoré 8° 783' O 7° 75' N 10 m 
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The data collected has been processed using Matlab R2013a 

software (8.1.0.604) for the study. 

2.2. Methods 

2.2.1. Power Law 

In the studies carried out by Justus et al. [23], the authors 

preferred to equate the increasing of the wind speed (Vh) with 

the height (Zh) in the surface layer at a power law. This law 

was which is a function of the wind shear coefficient is 

proposed by Hellman [24] and reported in the works of Spera 

and Richards, Kulkarni and Huang, Gualtieri and Secci [25, 

26, 27]: 

��
��

� ���
��

�
�

                (1) 

This law only depends on a single parameter called the wind 

shear coefficient. Its value depends on several factors such as 

the characteristics of the ground and the atmospheric stability. 

From equation (1), the coefficient α can be determined 

through the equation (2): 

	 � 
�����
����

������
�����               (2) 

V1 is the wind speed at 10 m above the ground, Z1 is an 

altitude of 10 m. The values of the wind shear coefficient are 

proposed in the bibliography by certain authors according to 

the nature of the ground (Table 2). 

Table 2. Value of the wind shear coefficient for different types of terrain (Bilal [28]). 

Roughness class Type of land � 

1 Large bodies of water (Oceans, seas, lakes) 0.166 

2 Flat grassland meadows without trees or buildings 0.182 

3 Flat or slightly wavy countryside base with obstacles 0.202 

4 Countryside with high crops (mils, corn, small fruit trees) 0.229 

5 Dense hedgerow, orchards, small woods, suburbs 0.240 

6 Urban areas, woods and forests 0.266 

 

For the Conakry, Mamou and N’zérékoré sites, the values 

of α used are respectively equal to 0.166; 0.182 and 0.226. 

2.2.2. Wind Power Density 

To assess the wind resource available at a given site, the 

determination of the wind power density is required. It is 

given by Fagbenle et al., Akinsanola et al. [29, 30]: 

P =
�
�  ���Γ �1 � �

��               (3) 

With c and k the parameters of the Weibull distribution. c is 

the scale parameter (m.s
-1

) and k the shape parameter, � is the 

density of the flow (kg.m
-3

).. They are given by Justus et al., 

Didane et al. [23, 31]: 

k = 0.83!V#$.%
               (4) 

V is the average wind (m.s
-1

) 

c = 


&��'�
(�

                  (5) 

Γ is the gamma function. It is expressed as follows: 

Γ = ) exp�-t�t/��dt1
$              (6) 

3. Results and Discussions 

3.1. Daily and Monthly Variation of Wind Speed 

In Figure 2 the daily variation in wind speed is presented.
 

   

Figure 2. Daily variation of wind speeds during the year. 

The analysis in Figure 2 shows two peaks of the wind speed 

during the year at the Conakry site. A first peak is recorded on 

April 6 and evaluated at 3.58 m.s
-1

. The second peak, more 

pronounced is observed on August 13 and estimated at 4.2 

m.s
-1

. The lowest value recorded during the year is estimated 

at 1.53 m.s
-1

 on November 28. The average annual speed 

observed in Conakry is estimated at 2.83 m.s
-1

. On the Mamou 

site we observe three peaks. A first peak evaluated at 3.04 

m.s
-1

 on April 10, a second peak obtained on July 29 and 

evaluated at 2.92 m.s
-1

 and the third peak on December 30 

with a speed of 2.64 m.s
-1

. The low value recorded is obtained 

on October 31 (1.44 m.s
-1

) on this site. The average annual 
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speed observed in Mamou is estimated at 2.31 m.s
-1

. On the 

N’zérékoré site one peak has been recorded during the year. It 

is observed on August 12 with a value of 2.36 m.s
-1

. The 

lowest value of wind speed is recorded on November 30 (1.25 

m.s
-1

) and the average annual speed is estimated at 1.72 m.s
-1

. 

In Figure 3 the monthly variation of the wind speed is 

presented for the three study sites. 

   

Figure 3. Monthly variation of the wind speed. 

On the site of Conakry the highest values of the wind speed 

are observed during the months of March, April, July and 

August. The values obtained are respectively evaluated at 3.23 

m.s
-1

; 3.2 m.s
-1

; 3.55 m.s
-1

 and 3.81 m.s
-1

. The least windy 

months of the year are October, November and December and 

the wind speeds are respectively estimated at 2.15 m.s
-1

; 1.86 

m.s
-1

 and 2.13 m.s
-1

. On the site of Mamou, the months of 

February, March, April and August are the windiest with 

values evaluated respectively at 2.64 m.s
-1;

 2.68 m.s
-1

; 2.7 

m.s
-1

; 2.65 m.s
-1 

while in October and November the lowest 

values are observed (1.63 m.s
-1;

 1.64 m.s
-1

). On the site of 

N’zérékoré, the month of August is the windiest (2.07 m.s
-1

) 

and the month of November the least windy (1.38 m.s
-1

). 

On the three sites studied, Conakry is the windiest site with 

the highest values of wind speed. 

3.2. Vertical Wind Profile 

In Figures 4, 5 and 6 the vertical wind profile obtained at the 

Conakry, Mamou and N’zérékoré sites using the power law 

method have been presented. In Conakry, at the months of 

January, February and March, the average daily wind speed 

varies respectively from 3.5 m.s
-1

 obtained in January to 4.7 

m.s
-1

 observed in March at 100 m above the ground. During 

the period from April to June the winds reached 4.75 m.s
-1

 in 

April at 100 m altitude. Between July and September the 

highest wind speeds recorded during the year are observed 

during this period and vary from 4.2 m.s
-1

 in September to 5.5 

m.s
-1

 in August. From October to December the winds are 

lower at 100 m altitude and vary from 2.75 m.s
-1

 (November) 

to 3.25 m.s
-1

 (October). The average annual speed at 100 m is 

around 4.23 m.s
-1

. On the site of Mamou during the period 

from January to June, the average daily wind speeds vary from 

3.4 m.s
-1

 in June to 4.1 m.s
-1

 in April at 100 m above the 

ground. From July to December the wind speeds vary from 2.5 

m.s
-1

 in October-November to 4 m.s
-1

 in August. The lowest 

winds are recorded from October to November and the highest 

in April and August. The average annual speed at 100 m is 

estimated at 3.50 m.s
-1

. In N’zérékoré, the wind speeds 

observed during the year do not vary much from one month to 

another. The windiest periods are August (3.8 m.s
-1

) and the 

least windy are November (2.5 m.s
-1

). The average annual 

speed at 100 m is estimated at 3.19 m.s
-1

. Moreover whatever 

the site, a significant variation of the wind near the ground is 

noted and would be due to the effect of roughness and 

obstacles encountered on the ground and which decreases with 

altitude. 

 

Figure 4. Wind speed variation in function of altitude in Conakry. 
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Figure 5. Wind speed variation in function of altitude in Mamou. 

 

Figure 6. Wind speed variation in function of altitude in N’zérékoré. 

3.3. Variation of the Wind Energy 

In Figure 7 the variations of the Weibull parameters k and c are presented. 

 

Figure 7. Variation of the parameters k and c in function of the altitude. 
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The two Weibull parameters namely the scale parameter c 

and the form parameter k are an increasing function of the 

altitude. The scale parameter c varies more quickly depending 

on the altitude than the parameter k. In Conakry, k varies from 

1.2 at 10 m in November-December to 1.8 at 100 m observed 

in August. In Mamou it varies at 10 m from 1.1 

(October-November) to 1.6 (100m) during the months of 

February to April and August. In N’zérékoré, k is between 1 

(October to December) and 1.6 (August) from 10 m to 100 m. 

The highest values of the parameter k are therefore observed 

during the windiest months and the lowest during the least 

windy period. The scale parameter c varies from 2 m.s
-1

 

(November-December) to 6 m.s
-1

 (August) between 10 and 

100 m. In Mamou, at 100 m above the ground, the highest 

value of c is estimated at 4.5 m.s
-1

 during the period from 

February to April and in August. In N’zérékoré, the highest 

scale parameter is evaluated at 4 m.s
-1

 at 100 m and obtained 

in August. We can therefore say that the higher the Weibull 

parameters are over a period the more the wind speeds are also 

it over the same period. These results are therefore in 

agreement with the studies of Ajavon et al. [32] which 

stipulates that the Weibull parameters increase with the 

frequency of the wind. 

In Figure 8, the monthly wind power densities that are 

observed for the three sites at altitudes 10 m, 50 m and 100 m 

are presented. 

 

Figure 8. Variation of the wind power density at the three sites. 

The quantities of energy recoverable at the site of Conakry 

vary from one month to another. We can note two peaks on 

this site. The first peak reached in March-April is less 

perceptible than the second. It is evaluated at 56 W.m
-2

 at 10 

m; 105 W.m
-2

 at 50 m and 140 W.m
-2

 at 100m. The second 

peak is observed in August and is around 82.65 W.m
-2

 at 10 

m; 159.76 W.m
-2

 at 50 m; 213 W.m
-2

 at 100 m. The lowest 

power densities observed are evaluated during the period 

from October to December. This densities vary from 17.74 

W.m
-2

 in November to 23.64 W.m
-2

 in October at 10 m, from 

30.96 W.m
-2

 (November) to 41.86 W.m
-2

 (October) at 50 m 

and from 39.9477 W.m
-2

 (November) to 54.62 W.m
-2

 

(October) at 100m. The average annual power density 

obtained in Conakry is estimated at 45.77 W.m
-2

 at 10 m; 

85.62 W.m
-2

 at 50 m and 113.31 W.m
-2

 at 100 m. At the site 

of Mamou, the largest quantities of energy are observed 

during the period of February, March, April and August. The 

average values obtained over this period are estimated at 

37.89 W.m
-2

 at 10 m; 71.18 W.m
-2

 at 50 m and 95.5 W.m
-2

 at 

100 m. The lowest quantities of energy are obtained during 

the period from October to November with average values of 

the order of 13.91 W.m
-2

 at 10 m; 24.65 W.m
-2

 at 50 m and 

32.17 W.m
-2

. The average annual power density obtained at 

Mamou at the altitudes of 10 m; 50 m; 100 m is evaluated 

respectively at 28.29 W.m
-2

; 52.83 W.m
-2;

 70.42 W.m
-2

. In 

N’zérékoré, the densities observed are lower than those 

obtained at the first two sites. The quantities of energy 

obtained from January to June are estimated in average at 

16.12 W.m
-2

 at 10 m; 38.57 W.m
-2

 and 58 W.m
-2

 at 100 m. 

The peak recorded on this site is observed in August (21.90 

W.m
-2

 at 10m; 54.62 W.m
-2

 at 50 m and 83.64 W.m
-2

 at 100 

m). The average annual power density is of 15.62 W.m
-2

 at 10 

m; 37.31 W.m
-2

 at 50 m; 56.13 W.m
-2

 at 100 m. The power 

density values obtained in this study have been compared 

with those obtained on some similar sites, in particulary in 

Côte d'Ivoire, Chad, Burkina Faso, Senegal, Ghana, Benin, 
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Togo and Nigeria. The results obtained in the Ivory Coast 

more precisely in Korhogo in the northern savannah zone 

and reported by the studies of Boro et al. [33] indicates that 

the highest monthly wind potential is recorded in May and 

estimated at 29.28 W.m
-2

 at 10 m. On the Bobo-Dioulasso 

site in Burkina Faso, the annual wind potential is estimated at 

53.13 W.m
-2

 at 20 m and 84.05 W.m
-2

 at 50 m according to 

the studies of Boro et al. [33]. Several sites in Chad have 

been the subject of the wind potential study [31]. The annual 

power densities obtained in Abéché, Am'Timan, Ati, Bokoro, 

Bousso, Doba, Faya-Largeau, Mao, Mongo, Moundou, 

N'Djamena, Pala and Sarh in Chad are respectively estimated 

at 68.80 W.m
-2

; 8.04 W.m
-2

; 10.06 W.m
-2

; 12.21 W.m
-2

; 6.73 

W.m
-2

; 26.03 W.m
-2

; 45.29 W.m
-2

; 24.07 W.m
-2

; 50.54 W.m
-2

; 

31.41 W.m
-2

; 64.63 W.m
-2

; 54.80 W.m
-2

; 16.58 W.m
-2

 at 10 m. 

On the coastal sites of Adafoah, Accra, Anloga, Aplaku, 

Mankoadze, Oshiyie, Warabeba in Ghana, Kayar, Potou, 

Gandon, Botla, Dara Andal, Nguebeul, Sakhor in Senegal, 

Lomé in Togo, Cotonou in Benin, Calabar, Uyo and Warri in 

Nigeria, the annual wind potential has been the subject of 

several studies in the works of Na and Ka, Adaramola et al., 

Salami et al., Youm et al., Ouldbilal et al., Ouldbilal et al., 

Donnou et al. [34, 35, 36, 37, 38, 39, 40]. The power 

densities recorded on these sites are evaluated respectively at 

174.86 W.m
-2

 at 12 m; 97.75 W.m
-2

, 107.19 W.m
-2

, 105.19 

W.m
-2

 98.04 W.m
-2

, 61.10 W.m
-2

 and 78.46 W.m
-2

 at 10 m on 

the sites in Ghana. On the sites in Senegal the potential is 

evaluated respectively at 99.64 W.m
-2

, 145.30 W.m
-2

, 103.14 

W.m
-2

 at 20 m and 128.59 W.m
-2

, 107.74 W.m
-2

, 106.61 

W.m
-2

 and 117.53 W.m
-2

 at 10 m. In Togo it is estimated at 

64.52 W.m
-2

 at 10 m and 130.41 W.m
-2

 at 50 m. In Benin the 

density of wind power is estimated at 131 W.m
-2

 at 10 m and 

332.67 W.m
-2

 at 60 m. Finally in Nigeria, it is respectively of 

order of 21.4 W.m
-2

, 48.9 W.m
-2

 and 23.6 W.m
-2

 at 10 m. 

These different values obtained, especially those on the coast 

area, show that the potential obtained on the coastal site of 

Conakry is low. This observation could be explained by the 

hypothesis of the neutrality of the atmosphere made 

beforehand in this study and which would be the cause of the 

low values of power densities obtained for this coastal site. 

For the site of Mamou which is not a coastal site, the values 

observed are higher than the values on some sites in Chad 

such as Am'Timan, Ati, Bokoro, Bousso, Doba, Mao, Sarh 

and lower on the other sites. In N’zérékoré the potential 

obtained is higher than that obtained in Am'Timan, Ati, 

Bokoro, Bousso in Chad. 

In the studies of Na and Ka [34], the different classes of 

power density that allow to define the type of wind installation 

adapted to a site have been reported. For class 1 where the 

power densities vary from 0 to 200 W.m
-2

 for an altitude 

greater than 10 m, the standard believes that the large-scale 

exploitation of wind energy on these sites is not suitable. In 

view of the results obtained in this study, we can therefore 

conclude that, under a neutral atmosphere, only the Conakry 

site could house a small-scale wind power installation. At the 

sites of Mamou and N’zérékoré where the wind are lower, the 

pumping water from multi-blade wind turbines could be 

considered. 

4. Conclusion 

The vertical profile of winds has been determined in this 

study by extrapolation of the wind speeds measured at 10 m 

above the ground using the power law under a neutral 

atmosphere. Then, the wind energy potential was studied 

between 10 m and 100 m of altitude in order to characterize 

each site. The results obtained show the following: 

(1) The Conakry site is the windiest of the three study sites 

with an average speed estimated at 2.83 m.s
-1

 at 10 m 

and 4.23 m.s
-1

 at 100 m. 

(2) The variation of the Weibull parameters indicates that these 

two parameters are increasing functions of the altitude and 

their highest values are observed for the windiest periods. 

These parameters vary from 1 to 1.8 for the k parameter and 

from 1.5 to 6 m.s
-1
 for the scale parameter. 

(3) The quantities of energy collected on the three sites 

indicate that only the Conakry site could be shelter a 

small-scale installations for the production of 

wind-generated electrical energy. The average annual 

density is respectively estimated at 45.77 W.m
-2

; 85.62 

W.m
-2

 at 50 m and 113.31 W.m
-2

 at 100 m. On the other 

two sites, the pumping water from the multi-blade wind 

turbines could be considered. 

Nomenclature 

Vh Wind speed at the hub height of wind turbine 

V1 Wind speed at 10 m above the ground 

Zh Hub height of wind turbine 

Z1 Altitude of 10 m 

	 Shear coefficient of wind 

� Density of the flow 

c Scale parameter of Weibull 

k shape parameter of Weibull 

V Average wind 

Γ Gamma function 

P Wind power density 
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