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Abstract

In this paper the wind speed potential assessment of different climatic zones of Ethiopia are
proposed. Statistical analysis of wind speed were carried out using Rayleigh and Weibull
probability density functions (PDF) for a specific location. Real time Typical Meteorological Year
(TMY) data was used for the wind speed potential assessment of three different climatic zones and
to plot wind rose diagram.
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I. Introduction

Wind is one of the globally recognized potential renewable energy source and it is important to have
an inclusive knowledge about the wind characteristics for efficient planning and implementation of
wind power generation plants. The wind energy assessment is very crucial and draws attention of
researchers. Wind resources assessment is a basic requirement for the following reasons: i) wind
power is proportional to the cube of the wind speed (10% difference in wind speed leads to 33%
changes in wind power), ii) fluctuating wind speed and wind shears. According to the statistics the
country has existing wind energy capacity of about 18.7GW with wind speed of 7.5 to 8.8 m/s at 50m
height above the ground level. Wind energy is recognized throughout the world as a cost-effective
energy plant. It is environmentally friendly solution for energy shortages, i.e. reduce climate change
effect, greenhouse gas emission and protection of biodiversity. Wind power plant helps to reduce
over three billion tons of CO:2 emissions annually [1- 6]. As per the advanced scenario as shown in
Table 1 the wind power could reach nearly 2,000 GW by 2030 [6].

Wind power could reach 2,000 GW by 2030 and supply up to 17-19% of global electricity [7].
Even though wind potential resource is very high in Ethiopia but still it contributes only 0.06% of
wind power generation globally. Global Wind Energy Outlook (GWEOQ) explores the future of the
wind energy industry up to 2050 and according to the International Energy Agency’s policies
scenario considering World Energy Outlook as a baseline, two scenarios were specifically
developed.
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Figure 1: Képpen Climate Classification Geography of Ethiopia (Source: FAVPNG.com)

Figure 1. shows the Koppen climatic classification of Ethiopia and it is observed that there are eight
climatic zones. Firstly, statistical analysis of one station is comprehensively carried out using
Weibull and Rayleigh probability density functions. Secondly, the wind rose diagram is plotted
considering Typical Meteorological Year (TMY) data for three different stations located at three
different climatic zones.

II. Statistical Models for Wind Speed Assessment
To describe the wind speed distributions, many probability density functions (PDF) have been
used such as beta, gamma, lognormal, Rayleigh and Weibull functions. Rayleigh and Weibull
models are widely accepted according to the literature studies. Weibull function is preferred due to
its flexibility in terms of shape factor and scale factor but suffers from the problem that cannot be
used for calm wind speeds [8-14].
Two parameter Weibull probability density function (PDF) is given by

S = E(Kj _ e(J (1)

c\c

Weibull cumulative distribution function (CDF) is given by
i gl
Fo)=[fdv=1-e @)
0
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where v is the wind speed, k is shape parameter and c is scale parameter [15-18]. The value of the
shape factor relates it to other PDF i.e. if k =2 it becomes Rayleigh distribution.

Table 1: Global wind power scenario

Total Capacity 2013 2014 2015 2020 2030
in MW
New  Policies 318,12 356,32 396,31 610,97 964,46
Scenario 8 2 1 9 5
Moderate 318,12 363,90 413,03 712,08 1,479,
Scenario 8 8 9 1 767
Advanced 318,12 365,96 420,36 800,61 1,933,
Scenario 8 2 3 5 989
Rayleigh PDF is given by

0 %(%J euj] )

m

where v, is mean wind speed.

Rayleigh CDF is given by
)
F(v)=1-e (4)
Energy pattern factor method (EPF) is used to determine the Weibull distribution parameters.
Monthly mean power density (MMD) is given by
n V3
P=0.54p) —~ (5)
i=0 1
P n oy
MMD:ZzO.SpZ—’ 6)
i=0

where A is swept area, vi is wind speed in the sample measured at instant i, n represents total days
in a month and g is air density
Energy pattern factor is given by

n 3 (MMDJ
gpr=—T L0

1 Vl« 3 vjz
2,
(7)

According to the shape factor, Weibull distribution is described as
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3.69

k=1+ 5
EPF

The scaling factor is given as

For gamma function

o0

(k)= j “ledyand T(1+k)=kT(k)

0

Weibull power density is given by

3
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Rayleigh power density is given by
B 3 50 23 5
P 7[/0 m P

II1. Results and Discussion

I. Statistical Assessment of Wind Speed

(8)

©)

(10)

(11)

(12)

Real time wind samples were collected for one TMY for Adama, Ethiopia wind site. The data was
collected at a height of 10 meter and 40 meter above the ground for which wind speed varies between
6 m/s and 14 m/s; and 12 ms/and 17 m/s respectively. Figure 2 and Figure 3 shows the Weibull and
Rayleigh PDFs respectively. Annual average estimated power densities calculated using Rayleigh
and Weibull models are 532 W/m?2 and 370 W/m? respectively. Rayleigh model provides better power

extraction than the Weibull model for Adama wind site.
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Figure 2: Weibull Probability Density function
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Figure 3: Rayleigh Probability Density function

IT. Wind Speed Assessment

Wind speed for three different regions (Tropical Savanna Climate, Warm Semiarid Climate and
humid subtropical Climate) were assessed by plotting wind rose diagrams. Three cities considered
for the assessment are: i) Gondar, ii) Dire Dawa, iii) Addis Ababa (capital city of Ethiopia).

For the tropical savanna climate, Gondar was considered and the wind rose diagram (wind
velocity and direction) was plotted using the TMY [19-22] data as shown in Figure 4. The wind blows
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greater than 8 m/s towards East direction which is around 70%. In the south east direction wind
blows at a speed of 4 m/s which turns to be 10% of wind in that city.

Figure 4: Tropical Savanna Climate (Gondar)

For the warm semiarid climate, Dire Dawa was considered and the wind rose diagram was plotted
using the TMY data as shown in Figure 5. The wind blows greater than 7 m/s towards West direction
which is around 30% and it is interesting to note that the wind blows in East direction at a rate of 4-
5 m/s which amounts to 22.5%. Towards North West it is observed that the wind blows at a rate of
4 m/s which turns out to be around 15%.
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m4-8m/s

H0-4m/s

Figure 5: Wind Rose Diagram (Dire Dawa)

For the humid subtropical climate, Addis Ababa (capital City of Ethiopia) was considered and the
wind rose diagram was plotted using the TMY data as shown in Figure 6. It is depicted from Figure
6 that the wind blows in the North direction at a speed of 8-12 m/s which turns out to be 25% of the
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total wind in that city. Wind blows greater than 6 m/s in the North West direction and amounts to
around 10%. In East wind blows at 4 m/s which is about 6%.
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Figure 6: Wind Rose Diagram (Addis Ababa)

IV. Conclusion

The wind speed potential assessment of three different climatic zones of Ethiopia were presented.
The statistical analysis of wind speed potential of ADAMA was carried out and it is found that
Rayleigh PDF is better than the Weibull PDF. The wind rose diagrams were plotted for three
different climatic zones (Tropical Savanna Climate, Warm Semiarid Climate and humid subtropical
Climate) of Ethiopia. This study will help the electrical utility companies for possible future
expansion plans or to start new projects.
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