
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 7, pp. 236-252 

Published Year 2021 

236 

 

 

Potential wind energy in the cities of the Libyan coast, a 

feasibility study 

Aqeel Maryoosh Jary†, Monaem Elmnifi‡, Zafar Said‡†, Laith Jaafer Habeeb‡‡, Hazim 

Moria‡‡† 

† Ministry of Science and Technology, Baghdad, Iraq. 
‡ Department of Mechanical Engineering, Bright Star University, Libya. 

‡† Sustainable and Renewable Energy Engineering College of Engineering, University of Sharjah. 
‡‡ Training and Workshop Centre, University of Technology – Iraq, Baghdad, Iraq. 

‡‡† Department of Mechanical Engineering Technology, Yanbu Industrial College, Yanbu Al-Sinaiyah 41912, 

Kingdom of Saudi Arabia. 

*Corresponding Author Email: monm.hamad@yahoo.co.uk; zsaid@sharjah.ac.ae; zsaid@sharjah.ac.ae; 

20021@uotechnology.edu.iq 

ABSTRACT 

This study goals to intricate the to be had potential of wind energy to supply strength and establish a database 

for wind sources in Libya. It presents the have a look at of 7 sites along the coast of Libya. From meteorological 

information provided by way of meteoblue, the traits of wind electricity and wind power ability areanalyzed at 

these web sites at the peak of 10 meters. The statistics used for this research are month-to-month based for a 

duration of four years from 2017 to 2020. Annual average wind velocity and projected strength density are 

determined. The consequences indicat a imaginative and prescient to distribute the wind capacity in Libya and 

discover the regions with better wind intensity. The maximum wind pace is 6.4 m/s at the web site of Derna, 

even as the minimum wind velocity of 3.5 m/s is recorded at the site of Ajdabiya. In April, the maximum 

monthly average wind speed was 4.6 m/s in Derna and Misurata, 4.2 m/s in Tobruk and Sirte, and 5.9 m/s in 

Tobruk and Sirte. The Benghazi websites of Ajdabiya have the lowest month-to-month average wind velocity of 

3.7 m/s, 4.5 m/s. The very best energy density was 148.65 W/m2 and 142.34 W/m2 in may additionally at Derna 

and Tobruk, and there had been 139.96 W/m2 at Misurata in March, 137.76 W/m2 at Sirte in April, and a 120.87 

W/m2 at Tripoli in February. The results indicate that the production power of the Derna, Misurata, and Tobruk 

sites is higher than that of the other sites. The output energy of large wind turbines is higher than that of small 

wind mills in all locations due to their scale. 
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INTRODUCTION  

Increased global warming, carbon emissions, and, as a result, climate change are all consequences of using 

fossil fuels. These problems need solutions, and this encourages the trend towards renewable energy [1-2]. 

Renewable energies are available with multiple sources (wind, solar energy, hydropower, and biomass) that are 

sustainable, clean, and economical compared to traditional sources [3] where wind energy is considered a clean 

and viable solution to meet the energy demand [4]. In recent years, many researchers’ [5-6-7- 8- 9-10] studies 

have focused on the applications of wind energy to produce electricity in different parts of the world. In Libya, 

wind energy projects are non-existent, there is a lack of wind capacity, and reliable and accurate data on wind 

resources are poor in most parts of the countryAhwide et al. [5] stressed with the preparing time of wind 

accessible data as an approach to assess the power age in Derna web site - Libya, which can be situated at the 

bank of the Mediterranean Sea. The work gave long haul wind records assessment in expressions of yearly, 

occasional and diurnal varieties at the ones web sites.  
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The breeze beat and wind course every 3 hours information for a span of 10 years among 2000 and 2009 have 

been utilized insi  de the assessment. Weibull boundaries at one-of-a-type statures has been contemplated and 

used to clarify the dispersion and conduct of wind speed and their frequencies. Wind turbine energy creation at 

great statures has been determined the use of a Weibull dispersion (Weibull records strategies). The overall 

strength yield predictable with a year from the breeze machines of various sizes and at momentous center 

statures had been in correlation. They situated out that the lower appraised rhythm for the breeze strength 

change framework (WECS) of the indistinguishable top, the stronger the power aspect esteems, in most severe 

cases. They utilized in addition a most recent logical technique for (Spena and Ahwide's method) for the 

evaluation of the to be had wind strength capacity. The outcomes of each previously observed approach were 

intriguing. Furthermore, the estimated cost in $ dollar/kWh for both breeze machines, which have wonderful 

affinities in any case the indistinct power level of 1650 kW, has been determined.  

It was hoped that the data analysis would assist in determining the best locations in Libya for image-damaging 

new wind turbine installations. This analysis has proven to be useful in planning the use of monstrous breeze 

plants at specific locations along the Mediterranean coast. Petroleum products (normal fuel, heavy, and light oil) 

are regarded as critical tools for Libyan power innovation [6]. Libya's solidarity call for is creating at a fast 

charge and the us of america would require enormous additional limit inside the coming years on account of the 

improvement of all areas of ways of life and the advancement of individuals' presence remarkable, without 

thinking the reasoning of energy admission. The statute justification that will be that Libya has an absolutely 

high force appropriation, explicitly the duty set by means of the Libyan country for the accuse reliable of 

kilowatt-hour for power region. The firmly upheld strength charge for family as of now remains at (20 

dirham's/kilowatt-hour) as opposed to (100 dirham's/kilowatt-hour), on account of the truth the home pace of 

gas cost, and in move lower back (450 dirham's/kilowatt-hour) on the grounds that the power cost of gas in 

overall expenses.  

That permits you to decrease the shortage and the progressing adjusting in power name for with the measure of 

innovation of to be had potential it's miles fundamental to have an examine all electric frameworks for the 

future, the most fundamental of which may be wind power and sun oriented power obligations to satisfy a 

goliath a piece of this name for, and to reduce, as a magnificent arrangement as feasible, the emissions of carbon 

dioxide They include easy data preparation on the web site, as well as the city and its efforts to regulate 

innovation. It provides a long-term wind reality assessment, with midpoints of short-term wind speed increases 

being used to obtain annual mean values over a one-year period. between November 4, 2002 and December 30, 

2003 NW, N, NNW, and WNW are the most severe daily breeze directions. They address roughly half of the 

population, as shown by the use of the letters E, ESE, and SE. East and SE winds are fairly common in style, 

and they are inclined at the same time. Themost incredible orders are NW, WNW, W and NNW which with the 

guide of some distance - establish around forty 6% of the anticipated strength, went with the useful valuable 

asset of N.  

It should be noticed that the unreasonable recurrence of north bearing breezes that come from the fruitless locale 

can reason an inordinate recurrence of soil scenes. This reality should be viewed as that permits you to take 

fitting measures to save you wind turbine less high-priced, easy power [7]. Because of its low environmental 

impact and long-term viability, wind energy may be appealing. The aim of this project is to investigate the 

potential of net sites in southeastern Pakistan for wind energy manufacturing. Wind velocity data is provided 

over a one-year period from an average internet internet site on Pakistan's south-east coast. Wind speed and 

energy density frequency distributions at three heights, seasonal versions of speed, and estimates of intensity 

likely to be provided by commercial enterprise turbines are all covered. The net website on-line investigated is 

decided to be a class four wind electricity internet site on-line with yearly basic breeze rhythm of 67 m/s and 

force thickness of 414 W/m2 at 50 m height. The page is, thusly, liable to be appropriate for wind ranches 

notwithstanding little, remain on my own frameworks.  

Ouammi et al. [8] explored the month-to-month and occasional model of the breeze attributes in time-frame of 

wind energy usefulness utilizing the breeze pace realities gathered among 2002 and 2008 for four 

meteorological stations in Liguria area, in Northwest of Italy, particularly Capo Vado, Casoni, Fontana Fresca 

and Monte Settepani. The results show that Capo Vado is the fabulous web site with a month to month suggest 
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wind pace among 2.8 and 9.98 m/s at an apex of 10 m and a month-to-month wind strength thickness among 

90.71 and 1177.79 W/m2, while the first class power created can be reached in December with a charge of 3800 

MWh. They will gave records to creating wind power net sites and arranging rate-successful breeze factories 

potential for the force producing in Liguria area, as pleasantly for instance of the way, extending the 

examination at month-to-month and occasional scale, the advancements of the net sites may likely fall in lovely 

specific tutoring of force thickness. Mostafaeipour [9] broke down the breeze speed of some most fundamental 

towns in area of Yazd this is situated in indispensable a piece of Iran. In addition, the feasibility of supporting 

wind turbines to take advantage of wind power is investigated, and the question of wind speed and wind 

capacity at selected stations is discussed.  

This study used data from eleven stations collected over a period of roughly thirteen years between 1992 and 

2005. to determine the capacity of the wind power at the various net sites The capacity of wind intensity period 

has been determined by statically examining hourly average wind speed information for Yazd territory at 10 m, 

20 m, and 40 m heights. The use of the force rule and extrapolation of the 10 mdata has been utilized to choose 

the breeze realities at statures of 20 m and 40 m. The majority of the stations have a yearly average breeze speed 

of less than 4.5 m/s, making them unsuitable for the installation of breeze turbines, according to the findings. 

Herat has a higher breeze strength cap, with annual wind rhythms of 5.05 m/s and 6.86 m/s, respectively, at the 

top of 10 mand forty meters above ground level (AGL). This website is an excellent option for wind energy 

packages in remote areas.  Regardless, more realities are needed, as the accumulated knowledge for Herat is 

only useful for 2004. Towns of Aghda with 3.96 m/s, Gariz with 3.95 m/s, and Maybod with 3.83 m/s yearly 

wind pace regular at pinnacle of 10 m above floor level additionally can tackle wind through method of placing 

in little wind factories.  

The Tabas and Bafgh sites wind pace records showed that the 2 sites have decline yearly wind speed midpoints 

among 1.56 m/s and a couple of.22 m/s at 10 m height. The month to month and yearly wind speeds at 

exceptional statures had been concentrated to ensure optimumselection of wind turbine set up for first class 

stations in Yazd. The investigation of wind insights gathered at some level inside the Southern Appalachian 

Mountain area of the Southeastern US changed into provided 10 Data have been accumulated at 50 m over the 

ground degree on 9 edge top sites among 2002 and 2005. Month-to-month regular breeze speeds, energy 

densities, wind sheers, and choppiness forces, along with month to month most extreme blasts, are provided. 

Estimated yearly normal breeze speeds are in contrast with AWS TrueWind forecasts. Diurnal varieties in wind 

pace additionally are said. Yearly wind roses for each net website online are outfitted. Yearly wind speeds 

assortment from 5.5 to 7.4 m/s with the top notch yearly normal breeze speeds decided on edges near the 

northern TN–NC line. A 20% snowy climate and evening upgrade of the breeze pace arise as found.  

The common breeze is from the westerly directions. The expected yearly force yields from a little wind 

farmconsisting of fifteen 1.5 MWGE generators range from 50 to 75 MkWh, and expected limit factors 

assortment from 25% to 35%. This assessment shows that edges inside the area are appropriate for programming 

scale wind improvement. Most recent investigations of wind power use [11-12-13-14] imply that the awesome 

areas to saddle the breeze usefulness are in limit of the area's seaside locales. Bilal et al. [11] On the Nouakchott 

website, I evaluated the breeze sheet. The data for the have a look at cover was gathered at the Nouakchott 

climate station over a five-year period (ASECNA). Beginning with the time tri records of the wind, the have a 

note is cultivated (pace and route). The impacts got permitted, on the lone hand to evaluate the breeze ability 

and to zero in on exceptionally the periods greatest advantageous for the misuse of the breeze power. One 

recommends comparably to April and of can likewise besides are the months greatest been blustery with 

individually 5,28 m/s and 5 ,2 m/s. Diurnal outcomes comparing to mean speeds of the breeze extra significant 

in the course of the day than the night are found.  

The check additionally demonstrates that the predominant breezes are coordinated inside the North-jap course. 

The boundaries of Weibull which have been given for the web webpage on line for the 5 years convey a normal 

of 5 m/s for the boundary of scale and the boundary of shape 2,58 journalist to a thickness of basic strength of 

85 w/m2. Bilal et al. [12] pointed toward sorting out the diurnal improvements of the breeze ability in Senegal. 

The data for this check was gathered from eight net sites along Senegal's northwestern bank (Kayar, Potou, 

Gandon, Sine Moussa Abdou, Botla, Dara Andal, Nguebeul, and Sakhor). These facts apply to each web page 
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for a period of 300 and 65 days, respectively.  The consistently wind pace circulation bends in all net sites had 

been gotten with the guide of the utilization of the Weibull dispersion highlight. The results got show that the 

strength thickness accessible is more in some unknown time later on for the dry season than inside the blustery 

season. It was valued more highly during the day than during the evening on all pages.  

For example, in the Potou web site on line, the force thickness was 145.30 and 58.34 W/m2 at the pinnacle of 20 

m during the day and evening, respectively. It was 99.64 and 52.35 W/m2 in Kayar's web page and 103.14 and 

45.87 W/m2 in Gandon's web page at a few degrees within the same length and top. Potou has basic breeze 

speeds of 5.69 and 4.15 m/s, Kayar has basic breeze speeds of 5.04 and 3.80 m/s, and Gandon has basic breeze 

speeds of 5.13 and 3.77 m/s. Use of wind power as an energy supply has been filling hurriedly in the total world 

because of ecological contamination, utilization of the compelled petroleum derivatives and overall warming 

[13]. Despite the fact that Turkey has pretty extreme breeze energy potential, abuse of the breeze power stays in 

the creeping degree. Inside the present day examine, wind patterns and wind power ability of okayırklareli 

territory in the Marmara area, Turkey have been investigated considering the breeze records estimated as hourly 

time arrangement. The breeze realities utilized inside the have an analyze have been taken from electric 

controlled power effects Survey and improvement organization (EIEI) for the year 2004.  

The annual, occasional, and month-to-month breeze realities were prepared. The spot's Weibull and Rayleigh 

opportunity thickness capabilities are calculated in light of observed records, with Weibull shape boundary 

satisfactory and scale boundary c resolved as 1.75 and 5.25 m/s for the year 2004. Predictable with the power 

computations completed for the web net website page, yearly recommend power thickness dependent on 

Weibull include is 138.85 W/m2. The impacts show that examined web site on-line has decently wind power 

potential for the usage. This paper offers an assessment of wind energy potentials on seven websites (Tobruk, 

Derna, Benghazi, Ajdabiya, Sirte, Misurata, and Tripoli) placed alongside the Libyan coast of the Mediterranean 

and assessing wind electricity generation via the use of large wind generators of strength (1250 kW - 2000 kW). 

Different small wind mills (0.3 kW - 0.6 kW) and all wind facts used accessed from the multiple climate 

simulation program. 

METHODOLOGY 

Description of the study site and wind data 

Towns have been selected in the take a look at alongside the Mediterranean coast. The facts used for this study 

are monthly based totally for a period of 4 years from 2017 to 2020. The average monthly wind speed at heights 

greater than 10 meters was calculated using a simple statistical approach, and the data was checked using 

multiple tools to simulate the weather of the chosen locations. The selected cities point on the Libya map 

depicted in figure 1, Table 1 displays the geographical coordinates. 

 

Figure 1. A map of the wind potential in Libya showing a distribution Wind speed at the seven study cities. 



Potential wind energy in the cities of the Libyan coast, a feasibility study 

 
 

240 

 

Table 1. Latitude and longitude of weather data collection sites. 

Location Latitude / Longitude Average wind speed at 10-m height (m/s) 

Tobruk 32.14° N / 23.96° E 6 

Derna 32.64°N / 22.6° E 6 

Benghazi 31.94° N / 20.11° E 5 

Ajdabiya 30.68° N / 20.2° E 3.9 

Sirt 31.13° N / 16.64° E 5 

Misrata 32.24° N / 15.13° E 6 

Tripoli 32.75° N / 13.21° E 4.6 

 

The wind resource assessment at every web page enables the maximum appropriate regions to exploit the wind 

to be highlighted. The comparative examine of those sources calls for the conversion of wind measurements to 

the relative values of a website in an open region 10 meters above ground level. Certainly, the wind 

measurements provided with the aid of the meteoblue application to simulate are strongly inspired through 

surrounding website characteristics. For this reason, we ought to make the necessary corrections for these wind 

measurements. Those corrections can only affect certain traits to evolve Weibull's law to websites whose trends 

are tormented by unique weights. Common wind pace values over the whole record duration for all seven 

locations at 10 m height are displayed in table 1.  

The super year common wind pace of 6 m/s became decided in Derna, Misrata, and Tobruk, and the lowest 3.9 

m/s become in Ajdabiya. To assess the seasonal model of wind speed the least bit places, the data are sorted on a 

monthly foundation, and the monthly maximum, not unusual and minimum wind speeds is drawn. Those charts 

are illustrated in Fig. 2. We discover the best not unusual monthly wind pace, located in January/August in any 

respect places from the chart. This period corresponds to the high electricity call for inside the seven web sites 

because of the air can load. September / October / November months, revel in the lowest common wind speeds 

at all locations. Wind rose diagrams have been drawn to visualize the wind patterns at all places, which display 

the frequency and tempo of wind blowing from every of the number one hints, as proven in Fig. 3. Those rosette 

diagrams for a specific place in the wind tool can useful resource design choices. 

Divisions of wind speed 

Wind information obtained thru the simulation have huge degrees. Therefore, it's miles essential to have only 

some key parameters in the wind energy evaluation, which can give an explanation for homes from wind speed 

statistics [15-16]. The usage of a possibility distribution characteristic is the simplest and maximum sincere 

manner to carry out the evaluation. There are numerous possibility density capabilities, The wind speed 

frequency curve can be explained using this formula. To determine the possibility distribution of the measured 

wind speed, the Weibull, Rayleigh, and Lognormal functions are frequently used.We'll use the Weibull 

incentive distribution in this case. Via [17-18], the chance density functions were updated to give: 

𝑓(𝑣) = [
𝑘

𝐶
] [

𝑣

𝐶
]

𝑘−1

exp [− (
𝑣

𝐶
)

𝑘

]                                                                                                                                         (1) 

Where 𝑓 (𝑣) is the speed's probability density 𝑣 (𝑚/𝑠). 

The cumulative distribution function is represented by [19]: 

𝐹 = 1 − 𝑒𝑥𝑝 [− (
𝑣

𝐶
)

𝑘

]                                                                                                                                                          (2) 

The mean speed 𝑣𝑚 Distribution is used to express the F function can be described as the elk. (3) [20]: 

𝑣𝑚 = 𝐶 ∗ 𝐹 [
1

𝑘
+ 1]                                                                                                                                                               (3) 

C, k Weibull scale parameter 
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The expression can be approximated using the following functions for values of C (m/s) and K in the range of 

the sites: 

𝑘 = 0 ⋅ 9 + 0.2𝑣𝑚                                                                                                                                                                      (4) 

 

Tobruk 

 

Ajdabiya 

 

Derna 
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Tripoli 

Figure 2. Monthly maximum, average, and low wind speed for all locations. 

 

Tobruk 

 

Ajdabiya 
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Benghazi 

 

Misrata 

Figure 3. Models of wind rose at 10 m in all locations. 
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𝐶 =
𝑣𝑚

𝐹 [1 +
1
𝑘

]
                                                                                                                                                                       (5) 

Wind energy density gives the best indication of wind sources potential because it is based on the frequency  

distribution of wind speed, air density, and wind speed cube. Thus, it can be calculated using the following 

equation [21]: 

𝑃 =
1

2
𝜌𝐶3𝐹 [1 +

3

𝑘
]                                                                                                                                                               (6) 

Where 𝜌  is air density inside thetime step, kg/m3. 

C: The Weibull scale parameter, in m/s, is a measure of average wind speed within a time step. 

𝐸 =
1

2
𝜌𝑐

3𝑇 [1 +
3

𝑘
]                                                                                                                                                                  (7) 

RESULTS AND DISCUSSION 

This portion of the study describes the precept outcomes derived from a statistical analysis of the average wind 

speed from 2017 to 2020. 

Weibull parameters and wind speed properties 

The variant in mean wind velocity of the study sites is illustrated in Fig.4. The maximum wind speed is 6.4 m/s 

at the site of Derna, while the minimum wind speed of 3.5 m/s is recorded at the site of Ajdabiya. Thus, we get 

that with a height of 10 meters, The wind speed ranges from 3.5 to 6.4 meters per second.  

 

Figure 4. Average monthly wind speed at all locations. 

Wind systems for study sites 

The version in common month-to-month wind velocity and strength, depth was decided the use of statistics 

amassed at 10 m altitude for all seven cities. As shown, the values from figures 3 and 4 can be put in table 2, by 

observing that the strongest monthly average wind velocity for the rest of the year was determined to be 4.6 m/s 

in Derna and Misurata, 4.2 m/s in Tobruk and Sirte, and 5.9 m/s in April. The lowest monthly common wind 

pace is 3.7 m/s, 4.5 m/s, observed within the Benghazi websites of Ajdabiya. 
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Table 2. The research sites' average monthly wind speed (m/s). 

 Jun Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Tobruk 5.5 5.8 5.7 5.4 4.8 5 5.9 5.6 4.7 4.3 4.8 5.4 

Derna 5.8 6.1 5.8 5.5 4.8 5.3 6.4 6.1 5 4.6 5 5.7 

Benghazi 4.7 5.1 4.9 4.9 4.6 4.5 4.7 4.5 4.3 4.1 4.2 4.7 

Ajdabiya 3.7 4.2 4.4 4.7 4.5 4.4 4.6 4.3 3.9 3.6 3.5 3.7 

Sirt 5 5.3 5.3 5.5 5.3 4.7 4.3 4.2 4.8 4.7 4.6 5 

Misrata 5.8 6 5.9 6 5.6 4.8 4.2 4.1 5 5.1 5.4 5.8 

Tripoli 4.9 5 4.9 5 5 4.6 4.1 4 4.5 4.4 4.5 4.9 

Table 3. Average monthly capacity (W/m²) in the study sites. 

Location Tobruk Derna Benghazi Ajdabiya Sirt Misrata Tripoli 

January 137.23 139.76 118.53 46.87 120.65 139.97 115.66 

February 139.45 142.34 120.84 77.75 125.32 140.98 120.87 

March 138.94 138.96 115.53 90.76 124.76 139.96 118.86 

April 134.34 137.65 114.96 117.67 137.76 140.75 119.87 

May 115.56 114.45 118.86 95.23 124.76 140.65 120.87 

Jun 120.12 125.34 117.97 90.53 118.73 114.64 117.76 

July 142.34 148.65 118.87 118.50 89.96 72.76 70.98 

August 136.34 142.34 95.96 89.75 77.92 70.83 69.81 

September 118.36 120.65 89.74 64.92 92.78 120.76 92.75 

October 90.32 118.76 70.86 41.62 91.87 122.87 90.97 

November 114.43 120.87 77.94 36.78 89.98 135.65 92.87 

December 132.57 138.63 91.96 47.83 120.42 139.85 94.32 

Table 4. Monthly Weibull coefficients (k, C) for all locations at 10 m altitude.  

Location Tobruk Derna Benghazi Ajdabiya Sirt Misrata Tripoli 

January 
k 2.75 2.9 2.35 1.85 2.5 2.9 2.45 

C 5.6 5.2 3.67 2.75 3.8 4.35 3.75 

February 

 

k 2.9 3.05 2.55 2.1 2.65 3 2.5 

C 5.3 4.61 4.05 3.1 4.35 4.5 3.8 

March 

 

k 2.85 2.9 2.45 2.2 2.7 2.95 2.45 

C 4.85 5.2 4.1 3.3 4.32 4.45 3.65 

April 

 

k 2.7 2.75 2.45 2.35 2.75 3 2.5 

C 4 4.1 4.2 3.55 4.07 4.03 3.8 

May 
k 2.4 2.5 2.3 2.25 2.65 2.8 2.5 

C 3.5 3.7 3.6 3.45 3.75 3.9 3.85 

Jun 
k 2.5 3.2 2.25 2.2 2.35 2.4 2.3 

C 3.75 4.7 3.45 3.3 3.45 3.7 3.5 

July 

 

k 2.95 3.05 2.35 2.3 2.15 2.1 2.05 

C 4.4 4.55 3.85 3.5 3.35 3.3 3.07 

August 

 

k 2.8 2.5 2.25 2.15 2.1 2.05 2 

C 4.2 3.75 3.55 3.36 3.4 3.25 3 

September 

 

k 2.35 2.3 2.15 1.95 2.4 2.5 2.2 

C 3.55 3.7 3.49 2.9 3.7 3.75 3.45 

October 

 

k 2.15 2.5 2.05 1.8 2.35 2.55 2.2 

C 3.25 3.6 3.25 2.8 3.55 3.85 3.4 

November 
k 2.4 2.85 2.1 1.75 2.3 2.7 2.25 

C 3.6 3.7 3.6 2.6 3.7 4 3.45 

December 
k 2.7 2.7 2.35 1.85 2.5 2.9 2.45 

C 5.4 5.3 3.95 2.85 3.9 4.35 3.75 
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Table 3 shows the average monthly energy density at the study sites. The highest energy density was 148.65 

W/m2 and 142.34 W/m2 in May at Derna and Tobruk, and there were 139.96 W/m2 at Misurata in March, 137.76 

W/m2 at Sirte in April, and 120.87 W/m2 at Tripoli in February. The lowest energy density was 36.78 W/m2, 

70.98 W/m2, 77.94 W/m2 at Ajdabiya, Misurata, and Benghazi latitude positions in November, 69.81 W/m2 in 

August for Tripoli. In Table 3, most of the monthly average power density at all sites is greater than 30 W/m2 

and electricity generation is permitted with selected wind turbines. The month-to-month Weibull parameters are 

identified for the seven web sites. The results of the scale and form parameters have been calculated for the 

study web sites and tabulated in desk four. In which we noted that the month-to-month scale coefficient ranges 

between 3.9-5.6 m/s for Derna, Tobruk, and Misurata, and it degrees from 3-4.2 m/s, 2.15-3.9 m/s for Benghazi, 

Tripoli, Sirte, and Ajdabiya. The measureparameter values on all websites display that the wind potential can be 

used to supply strength from windmills. 

Energy produced and power factor 

Wind turbine properties 

The sudy look at turned into done by way of choosing wind turbines from different producers, as shown in desk 

5 and determine five, explaining the technical specs of those turbines and the exchange of the energy curves 

against the wind velocity [22]. Large turbines' output power ranges from 1250 kW to 2000 kW, while small 

turbines' output power ranges from 300 kW to 600 kW. These wind mills were tested by way of calculating their 

output power and capacitance issue at all decided on websites to pick out the suitable wind for the turbine used 

to generate energy for grid connection or for isolated utility.  

Table 5. Several plants' specifications for large and small commercial wind turbines. 

Wind turbine 

type 

Capacity 

(kW) 

Area 

(m2) 

height 

(m) 

Cut-off wind 

(m/s) 

Evaluated 

wind (m/s) 

 large size 

Eco 62 

Eco 80 

Repower 

1250 3020 60 25 13.5 

1670 5030 70 25 14 

2000 5280 100 25 3 

 Small size 

Eolsengal /500 

Inclin/ 600 

Yellow- sand 

0.5 7 18 12 9 

0.6 3 7 13 11 

0.3 5 12 15 8 
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Figure 5. Power curves of the selected turbine. 

Wind turbine energy production 

The annual output power was calculated for the different large and small wind turbines for the seven selected 

sites. Table 6 shows the results obtained from the energy generated from all the wind turbines used in this study. 

The outcomes imply that the output power is greater for the Derna, Misurata, and Tobruk websites than for the 

opposite sites. Due to wind turbine's size, the output power is greater for large wind turbines compared to small 

wind turbines at all locations. For electricity applications, wind turbines with larger power should be selected. 

Table 6. Annual output power (MWh/year) from six commercial wind turbines at all sites. 

Wind turbine type Tobruk Derna Benghazi Ajdabiya Sirt Misrata Tripoli 

 large size   

Eco 62 

Eco 80 

Repower 

1387.43 1449.77 1160.06 870.38 1194.45 1339.82 1113.127 

1587.53 1895.47 1260.56 1037.49 1294.65 1540.27 1123.13 

2191.13 2575.97 1612.56 1337.99 1750.85 1990.87 1143.187 

 Small size   

Eolsengal / 500 

 

Inclin / 600 

 

Yellow - sand 

0.924 1.114 0.773 0.725 0.852 1.030 0.695 

0.660 0.856 0.644 0.659 0.774 0.936 0.631 

0.706 0.955 0.704 0.743 0.799 1.010 0.732 

Table 7. Annual capacity rate (%) for different wind turbines at all sites. 

Wind turbine type Tobruk Derna Benghazi Ajdabiya Sirt Misrata Tripoli 

 large size   

Eco 62 

Eco 80 

Repower 

12 15 10 8 11 13 9 

11 14 9 7 10 12 8 

12 15 10 8 11 13 9 

 Small size   

Eolsengal / 500 

 

Inclin / 600 

 

Yellow- sand 

24 28 17 15 20 22 14 

13 17 12 13 15 18 12 

28 32 21 19 24 27 19 
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Figure 6. Annual power output for different wind turbines at all sites. 

 

Figure 7. Capacity factor for different wind turbines at all sites. 

Plant potential factor, PCF is the ratio of its real annual manufacturing to its rated output. The technical 

specifications of the wind mills used in this paper are indexed in table 5. In figures 6 and 7. The yearly power 

output is proven in MWh/year and the plant capability element, PCF%. It is able to be seen that the maximum 

possible net page for wind stations is at Derna Tobruk, Misurata. At these websites, most energy of 2575, 2191, 

and 1990 MW/you have been received from a Repower type wind turbine with an ability of 2000 kW, in 

addition to 1445, 1387, and 1339 MW/y at a PCF of 15, 13, and 12% from a commercially to be had wind tool 

of 1250 kW rated kind Eco 62. The %age PCF assessment of those six wind generators indicates that the most 

green wind gadget for all places was at Derna, Tobruk, and Misurata. In areas with low or medium wind ability, 

a low-energy wind machine is more efficient [23]. 

CONCLUSION 

This study aimed to assess the wind potential to generate electricity using multiple simulation data from winds 

at seven sites located on the Libyan coast. Wind speed and wind energy intensity were determined throughout 

the year in Tobruk, Derna, Benghazi, Ajdabiya, Sirte, Misurata, and Tripoli. Weibull distribution functions were 

used to measure the wind speed distribution of the sites. Wind speed and electricity generation are among the 

findings and statistical estimates, as the wind capacity was important with average annual wind velocity of 6 

m/s, 5 m/s, and 4.6 m/s in the sites of Derna, Tobruk, Misurata, and Benghazi, respectively, on a height of 10 m. 

It was also 5 m/s, 4 m/s, and 3.9 m/s in Sirte, Benghazi, Tripoli, and Ajdabiya at the height of 10 m respectively. 

The energy density results for all sites were 131 W/m2, 126 W/m2, 122 W/m2, 108 W/m2, 103 W/m2, 101 W/m2, 

and 75 W/m2, respectively. By determining the factor capacity and output strength, the performance of six wind 
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turbines of various sizes and types across all sites was studied and analyzed. At the Derna, Tobruk, and Misrata 

sites, both wind turbines had the highest power factor. At these sites, maximum power of 2575, 2191, and 1990 

MW/y were obtained from a Repower type wind turbine with a capacity of 2000 kW, as well as 1445, 1387, and 

1339 MW/y at a PCF of 15, 13, and 12% from a commercially available wind instrument of 1250 kW rated type 

Eco 62. 
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