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ABSTRACT

In this study, the Statistical wind data were obtained from measurements for two years (24-month)
periods from January 2013 to December 20 74 at ElSpiaa, Tripoli, Libya. The site coordinates are
32°32'24.66 (N°) and 13°10'13.31 Longitude (E®). The elevation of the site is 15 m above mean sea
level (AMSL). It is found that the maximum wind speed was U =11.97 m/s for data of the year 2014
at a height of 40m, which has the maximum probability (10.25%). The wind power density, E, (W/m?)
was expressed in terms of the Weibull shape and scale parameters, (k and c). It is found that the
yearly wind power density of the year 2013 at both heights of 10 and 40 m is (651.02 W/m2) and
(814.61W/m?) respectively. And the yearly wind power density for the year 2014 at 10 and 40 m are
(715.85W/m2) and (980.41 W/m?) respectively.

INTRODUCTION
The energy demand in Libya will reach 141.575 GWh by the end of 2022. where this cannot be
covered by generation stations in the country. Elspiaa has a very important station which is located
in North-west Libya, South of Tripoli about 30 km, the wind farm located one 25 kilometres away
from the coast.
There were few important studies about wind energy carried out at different locations in Libya; [EI-
Osta,1995 ] have selected a small wind farm of 1.5MW to be a pilot wind project. They have
investigated different sites in Tripoli. The average wind speed was found as 6.9m/s at 10m height
with an available power of 399 W/m2. Their results were promising for the wind farm project.
[Mohammed, 2013] have investigated the utilization of renewable energy in Libya. They concluded
that Libya is rich in renewable energy including wind energy but needs a more comprehensive
energy strategy and more financial and educational investment.
[EImnefi, 2014] have obtained wind speed measurements for 12 months period at Benina site in
Libya. The results showed an average wind speed of about 11 m/s at 10m height which indicates
the high wind energy potential in Benina site. [Elfarra, 2019] have selected four sites close to the
Libyan coast and conducted the technical and economical assessment of wind power generation
using real measured wind data. The results have shown the electricity cost of all the sites is below
the world average electricity price. Very recently [Elmnefi, 2019] have analyzed wind speed
distribution and economical evaluation at Misurata city and the results were very promising to use
wind turbines for power generation. Other studies for the wind potential in other centuries such as
Turkey [Kaplan, 2016], Italy [Basile, 2015], Algeria [Charrouf, 2016], and Iran [Hossieni, 2014] and
India [Umesh, 2017] have also been performed.

This work aims to study the possibility of generating electrical energy from wind energy by analysing
the information for wind speed obtained from the meteorological station of Elspiaa, Tripoli city.
Knowing the wind energy potential within this location zone. The use of wind energy as an additional
source for power generation in the city of Tripoli will contribute to electrical energy savings and will
reduce the emission of greenhouse gases. The achievability of wind energy improvement relies upon
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the specific social, financial, and physical attributes of both the investigation range and the wind
asset. In this postulation one site is chosen, as the case to demonstrate wind energy accessibility in
the shoreline of Libya and to design a reasonable by considering normal wind speed of ElSpiaa,
Tripoli _Libya station, the areas of this site is introduced in Fig. (1).
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Figure 1. Location of the meteorological station of Elspiaa, Tripoli, Libya.

METHOD

Elspiaa has a very important station which is located in North-west Libya, South of Tripoli about 30
km. The statistical wind data set was analyzed using Weibull distributions to determine the Weibull
shape parameter K and scale parameters scale parameter C. Weibull function is a commonly used
one in wind energy [ElImnefi, 2014; Oyedepo, 2012, and Mostafaeipour, 2014 ]. It is one of the most
widely used methods where a good description of speed distribution is given throughout the year
probability distribution function Possibility be expressed as:

f(v) = S (2Rt @ [1]

Where (k) and (C) are parameters the Weibull shape and scale parameter, the density function is
recognized as cumulative distribution function and Possibility be expressed as:

v

Fr)=1—e (" [2]

There are many methods were used for determining the Weibull distribution parameters [Costa
Rocha, 2012 and Guenoukpati, 2020].

In this study, the parameters of the Weibull distribution were determined using the graphical method.
In this method, the cumulative distribution function can be rewritten as:

In[- In(1-F(v ))]=k Inv -k Inc [3]

To estimate the Weibull shape and scale parameters, a graphical method is introduced and used
as shown in Figure. 2.
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Figure 2. The graphical method used to obtain Weibull parameters for the year 2013
at height of 10m

Wind power density can be communicated regarding the Weibull shape and scale parameters,
k and c, utilizing the relationship displayed by:

E= %pc3 (1+§j [4]

where p is the air density (kg/m?).

Results and Discussion

The wind speed has been measured at a height of 10 m over the ground level utilizing 3 cup
anemometers. Moreover, wind speed has been calculated at a height of 40 m. The vertical
variation of wind speed can be expressed by the power exponent function:

U@ =UEIE) [5]

Where U(2z) is the wind speed at the selected height z, and Ur is the wind speed at the reference
height (z;) above the ground level.

Figure 3 and figure 4 shows the monthly variation of the average wind speed for years 2013
and 2014 at heights of 10 and 40m respectively, the minimum value of average wind speed is
in the September 2013(5.12 and 6.24 m/s) and the maximum value is in the May 2014( 8.10
and 9.87 m/s) for both of the heights.
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Mean wind speed for year 2013 at the height of 10 and 40 m
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Figure 3. Mean wind speed values for the year 2013

Mean wind speed for year 2014 at the height of 10 and 40 m
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Figure 4. Mean wind speed values for the year 2014

The probability density functions and the cumulative frequency functions calculated from the
measured wind speeds for years 2013 and 2014 at 10 m and calculated wind speeds at 40 m
at Elspiaa, Tripoli are shown in Figures (5 and 6) and Figures (7 to 10) respectively. It was
found that the yearly Weibull shape parameter, k, for years 2013 and 2014 at 10 m were 2.5248
and 2.6314 respectively. The yearly Weibull scale parameters, ¢, for 2013 and 2014 at a
height of 10 m was 7.8608 m/s and 8.1739 m/s. Furthermore, the shape and scale parameters
k and ¢ have been obtained for the years 2013 and 2014 at 40 m high. For this case, the shape
parameter k were 2.6263 and 2.7367 and scale parameter ¢ were 8.5308 m/s and 9.1402 m/s
respectively.
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Figure 5. Yearly Weibull distribution for the year 2013 and 2014 at 10 m height
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Figure 6. Yearly Weibull distribution for the year 2013 and 2014 at 40 m height
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Figure 7. Cumulative probability of the year 2013 at height 10m (AGL)
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Figure 8. Cumulative probability of the year 2013 at height 40m (AGL)
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Figure 9. Cumulative probability of the year 2014 at height 10m (AGL)
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Figure 10. Cumulative probability of the year 2014 at height 40m (AGL)
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Conclusion

It is concluded that the Weibull distribution using the graphical method is a useful technique to
conduct wind speed analysis from observed wind speed data at El-Spiaa, Tripoli in western
Libya. This study shows that wind energy is available in El-Spiaa, and it could be used to
generate electricity, also wind energy may use for other applications like water sea
desalination. From the observed wind speed data during January 2013 to December 2014, It
was found that the yearly Weibull shape parameter, k, for years 2013 and 2014 at 10 m were
2.5248 and 2.6314 respectively. The yearly Weibull scale parameters, ¢, for 2013 and 2014
at a height of 10 m was 7.8608 m/s and 8.1739 m/s. Furthermore, the shape and scale
parameters k and ¢ have been obtained for the years 2013 and 2014 at 40 m high. For this
case, the shape parameter k were 2.6263 and 2.7367 and scale parameter ¢ were 8.5308 m/s
and 9.1402 m/s respectively. The wind power density, E, (W/m2) can be expressed in terms of
the Weibull shape and scale parameters, k and ¢, and it is found that the yearly wind power
density of the year 2013 at both heights of 10 and 40 m is (651.02 W/m?2) and (814.61W/m?)
respectively, also the yearly wind power density for the year 2014 at 10 and 40 m are
(715.85W/m2) and (980.41 W/m?) respectively.

References

Basile S., Riccardo B. and Francesca M. (2015) Joint probability distributions for wind speed
and direction. A case study in Sicily, 4" International Conference on Renewable Energy
Research and Applications (ICRERA), Palermo, Italy, 22-25 Nov 2015.

Charrouf O., Achour B., Abdelmalik T. and Golea A.(2016) Wind energy potential and
economic analysis of WECS in four selected locations in Algeria, 5" International Conference
on Renewable Energy Research and Applications (ICRERA), Birmingham, UK, 20-23 Nov
2016.

Costa Rocha P,(2012) Comparison of seven numerical methods for determining Weibull
parameters for energy generation in the northeast region of Brazil, Journal of Applied Energy
89,395-400,2012.

El-Osta W., Belhag M., Klat M., Fallah I., and Kalifa Y. (1995) Wind Farm Pilot Project in Libya,
Renew. Energy, Vol. 6, pp. 639-642, 1995.

Elmnefi M. S. and Bofares A. M. (2014) An Analysis of Wind Speed Distribution at Benina,
Benghazi, Libya, Appl. Mech. Mater., Vol. 492, pp. 550-555, 2014.

Elfarra M. A. and Silini S. (2018) Technical and Economical Evaluation and GHG Analysis of
Wind Power Generation in Four Sites Using Different Weibull Parameters, International
Journal of Renewable Energy Research, Vol.8, No.3, September 2018.

Elmnefi M. and Benghuzzi A. (2019) An Analysis of Wind Speed Distribution and Economical
Evaluation at Misurata City, Libya, 10" ANKARA INTERNATIONAL AEROSPACE
CONFERENCE, 18-20 September 2019-METU, Ankara Turkey.

Guenoukpati .A., Adekunlé A. S., Mawugno K. K., and Kossi N. (2020) Estimating Weibull
Parameters for Wind Energy Applications Using Seven Numerical Methods: Case studies of
Three Coastal Sites in West Africa, Int. Journal of Renewable Energy Development (IJRED),
(2): 217-226,2020



AIAC-2021-051 Elmnefi & Abo Nama

Hossieni A., Rasouli V. and Rasouli S. (2014) Wind energy potential assessment in order to
produce electrical energy for case study in Divandareh, Iran, 3" International Conference on
Renewable Energy Research and Application (ICRERA), Milwaukee, WI, USA, 19-22 Oct.
2014.

Kaplan O. and Temiz M. (2016) The analysis of wind speed potential and energy density in
Ankara”, 5th International Conference on Renewable Energy Research and Applications
(ICRERA), Birmingham, UK, 20-23 Nov. 2016.

Mohamed A. M.A., Al-Habaibeh A., and Abdo H. (2013) An investigation into the current
utilisation and prospective of renewable energy resources and technologies in Libya Renew.
Energy, Vol. 50, pp. 732-740, 2013.

Mostafaeipour A., Jadidi M., Mohammadi K., and Sedaghat A. (2014) An analysis of wind
energy potential and economic evaluation in Zahedan, Iran, Renew. Sustain. Energy Rev. Vol.
30, pp. 641-650, 2014.

Oyedepo S.O., Adaramola M.S., and S.S.(2012) Analysis of wind speed data and wind energy
potential in three selected locations in south-east Nigeria, Int. J. Energy Environ. Eng., Vol. 3,
pp. 7-17, 2012.

Umesh Mohankumar, M. V. Athul, Joshua Freeman, Balakrishnan Shankar and Krishnashree
Achuthan (2017) Remote triggered monitoring of wind performance using Weibull and
Rayleigh distributions, 6th International Conference on Renewable Energy Research and
Applications(ICRERA),SanDiego,CA,USA,5- Nov.2017,D0OI:10.1109/ICRERA.2017.8191172,
2017.



