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Abstract

The annual capacity additions from renewable sources across the globe are growing at a rapid rate. Considering the efforts made by the
international community to mitigate the effects of global warming, it is anticipated that it will continue to rise. As a result, many nations
across the globe are increasing their installed capacities by capitalizing on renewable resources, such as wind resources, in order to satisfy
the rising demand for electrical power. In the first part of this study, a wind resource assessment is carried out to determine the wind potential
at several different places in the Green Mountain Province, which is in the northeastern part of Libya. The sites with valuable annual wind
speed frequency distribution and power density are then evaluated further to determine the technological features required for a wind farm to
be constructed there. Wind turbines are chosen based on their power characteristic curves, and those curves must match the resultant wind
distribution. To determine the system's financial and technical parameters, the data from the most prominent site are analyzed using two
different processing technologies, both of which implement the Weibull Distribution Model. The findings indicate the possibility of
implementation at least at two locations, with hub heights of 10 and 50 meters, respectively.
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1. Introduction data were measured for a period of 10 years on an hourly
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capacity is expected to accelerate in the next five years, ) |r_15talled n 2020 and for_ecaStEd t'"_2026'
accounting for almost 95% of the increase in global power The objective was to determine the sites that show
capacity through 2026 according to International Energy availability of best quality wind dl_strlbutlons a_nd _hence to
Agency (IEC) [1]. Wind additions in 2021-2026 are forecqst the_annual energy productlon for certain sites after
planned to be 25% higher than in the previous five years _selectlng suitable wind turblngs. The structure of this paper
with forecasts showing significant annual additions over is proceeded as follows: Section II provides the basics of
this period, as shown in Figure 1. theoretical aspects for wind power calculations; Section 11l
In this research, the measured wind data was obtained from describes the research method; Section IV gives the results
Statistics for Meteorological Stations in eastern Libya with and related discussions; and in Section V, authors give
an objective to assess the wind power class at several sites their conclusions and state any limitation. The structure of
in this province. Wind data in this research was collected, this paper has proceeded as follows: Section 2 provides the
for nine sites in the Green Mountain province from the literature review for wind power topic; Section 3 describes
Statistics for Meteorological Stations in Eastern Libya. The the research method; Section 4 gives the results and related

discussions; and in Section 5, the authors give their
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2. Literature Review

Many regions in developing countries are experiencing a
shortage of energy supply which depends heavily on fossil
fuels. Therefore, all possible renewable energy resources
should be exploited to enhance energy security. Renewable
Energy Authority of Libya (REAOL) developed a plan to
be fulfilled up to 2030. This plan targets reaching 25% of
renewable energies by 2025 with 2000 MW wind-based
[2]. Thus, several studies analyzing the feasibility of wind
data collected from different periods have been carried out
in literature in different parts of Libya [3]-[5]. However,
most of such studies focused on the Darna region, where a
60 MW wind farm project was planned [6]. The other
studies were performed on different regions in this country,
which were reported to have wind potential results [6]-[8].
However, more studies are required to help REAOL meet
its scheduled plans, especially in the Green Mountain
region, North-Eastern the country. Wind-based power
projects start first with evaluating wind potentials in the
sites under study. The variation of wind speed, as a function
of altitude, is a key element in evaluating wind resources
and predicting the energy generated in each wind farm. In
general, wind speed data, measured at a predefined sensor
height, are extrapolated to the desired level height using
several algorithms [9]. One or more of these algorithms can
be applied to determine Weibull scale and shape
parameters [10]. The input data for this analysis is the data
obtained from characterized wind data files. Thus, the
extrapolated wind speeds and directions are used to
determine wind speed distribution and wind energy density
at any hub height.

The Weibull distribution concept is reported to be widely
accepted in potential wind assessment due to the best
informative role of its parameters on wind speed, variation,
steadiness, and usable time-defined average values. A
preferred site from an energy production viewpoint is the
one which, through Weibull analysis, shows high values of
shape (k) and scale (4) parameters in addition to having
recognized wind power density. Process of estimating the
parameters is carried out by Weibull distribution using
several algorithms, among which the MLM and the LSM
are the most common. The values of scale and shape
parameters from a method which best matches the original
wind data’s characteristics are used to make evaluations on
wind class at a certain location. Also, wind speed
interpolation can cope with various standard hub heights of
wind turbines. Monthly wind analysis is performed on
hourly-measured data to record the most productive
months of the year, which are the months of highest wind
speed.

Many authors during the last decade conducted case studies
in different parts of the world [11] - [20] and recommend
the monthly-based analysis of wind data for at least five
years to obtain as accurate results as possible since the wind
speed and direction vary continuously. This analysis is
significant for wind power engineers to efficiently plan for
an accurate mode of operation and schedule maintenance
or procedural shutdowns. However, no previous studies
were conducted to evaluate the wind data in Libya. Thus,
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this research aims to measure the wind data accurately and
effectively, as the first study can be undertaken in Libya.
Wind data in this research was collected for nine sites in
the Green Mountain province from the Statistics for
Meteorological Stations in Eastern Libya. The data were
measured for 10 years on an hourly basis. The objective
was to determine the sites that show the availability of best
quality wind distributions and hence to forecast the annual
energy production for certain sites after selecting suitable
wind turbines.

3. Methodology

This research was carried out based on data obtained from
the Statistics for Meteorological Stations in Eastern Libya
to cover nine sites in Green-Mountain province located
East-North Libya. The map of this region is shown in
Figures 2 and 3.
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Fi\g‘;‘.AZ. Map showing the location of Green Mountain district.
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Fig. 3. Map showing locations for nine sit‘és inside the Green
Mountain district.

From this region, nine sites were selected, as pointed out
by numbers in Figure 3 and Table 1. Upon these sites, two
types of data were used; data from meteorological stations
for long-term characterization (covers over 35 years) and
the hourly data from NASA web database for the last
decade. The wind files for the measured data were used in
the initial stage to determine whether wind speeds and
directions show a promising figure in these nine sites using
the Weibull Distribution concept. Consequently, sites with
the best results at a hub height of 10 m and a hub height of
50 m are selected for the next processing stage to determine
the wind power results. The assessment proceeds in the
following steps:
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i) The first step defines the three geographical site
descriptions: longitude, altitude, and latitude.

ii) Collection of measured data in which; wind speed, wind
direction, ambient temperature, and atmospheric pressure,
for a pre-defined time duration, preferably for a decade,
with monthly average wind speeds (taken for hourly
readings per day).

iii) Characterization of the wind resource for the selected
sites to compare it monthly for an entire year. The
comparison results in the selection of the most promising
sites.

iv) Wind resource estimations are conducted from the
available online database to compare it with measured data
on the same time interval bases. The comparison results in
the selection of the most promising site used for the wind
farm proposal.

v) Prepare the wind resource data in the form of a weather
file in SRW format suitable to be processed by the software
simulating platforms. These files contain wind speed, wind
direction, ambient temperature, and atmospheric pressure
data at 10 and 50 meters above the site’s ground to account
for wind hub heights. This represents the wind resource
over a period of one decade.

vi) The software modelling platform uses wind resource
data (from the previous step) to provide the necessary
record concerning the content of kinetic energy in the wind
at the hub height of the turbine’s location. This content of
energy relies on parameters such as wind speed and air
density and is time-dependable for one or more turbine hub
heights.

vii) Specification of the wind turbine’s ratings. This will
decide the turbine’s power curve, calculated from a set of
turbine characteristics in the program database.

viii) The definition of the wind farm layout is an array of
two dimensions that adjusts for each turbine’s location and
the required additional inputs used to account for losses.
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ix) Calculation of the wind farm electrical output in KWh
for each time span.

X) Calculation of the wind farm economic balance through
calculating the electrical energy exported to the grid, the
total capital and running costs, and finally, the electricity
export revenue of the project.

Figure 4 visualizes the methodology flowchart.
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Fig. 4. Methodology flowchart

4, Results and Discussions
4.1 Elimination of some sites

The average wind speed values measured for a decade are
compared for nine sites in the eastern province as shown in
Figure 5. It shows that four sites could be considered
eligible for more assessment which are: ALMERJ,
SHAHAT, ALKUF, and TULMETHA. The locations of
these sites are given in Table 1 and its average wind speed,
measured, estimated at 10m and 50m is shown in Figure 6.

Albayadha Qasrlibya  Tulmetha

HJan. HFeb. March April ®mMay HJune EJuly EAug. ESep. EOct. ENov. HDec.

Fig .5. The Monthly Measured Wind Speed (m/s) Averaged over a Decade at 9 Sites
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Table 1 4.2 Proceeded with Four Sites
Locations of the selected 4 sites
Site Longitude Latitude Altitude The wind data files for these sites are processed using the
ALMER] 21.88°E 32.50° N 391m Maximum Likelihood Algorithm and Least Square
SHAHAT 2187°E 8281°N 620m Algorithm to determine the Weibull parameters at two
ALKUF 21.56° E 32.70° N 548m

assumed hub heights. The obtained results, as shown in
Tables 3 and 4, respectively, indicate a remarkably high
convergence between the two algorithms. In case the
results given by any algorithm are examined, the Maximum
Likelihood, for instance, to evaluate Weibull parameters

and WPD, it is seen that the ALMERJ site shows maximum
shape parameter ‘k’ at both hub heights. As for the scale

TULMETH. 20.54° E 32.43° N 273m

parameter ‘A ’, it is seen that the ALMERJ site shows the
maximum result at 50m hub height, whereas the SHAHAT
site shows the maximum at 10m hub height. For WPD
Elmerj Shahat Alkuf Tulmetha results, SHAHAT shows the maximum result with (174.3
W/m?) at 10m hub height also, whereas at 50m hub height
ALKUF site shows a maximum of (343.9 W/m?). This is
evidence that higher Weibull parameters do not necessarily
indicate better wind potential though the shape parameter
is a significant indication of good wind distribution. The
WPD is also a significant indication of the energy-
enrichment of wind time series; both factors should
Fig .6. Average measured, estimated at 10m, and 50m wind enhance the wind potential evaluation.
speed. Tables 2 & 3 give the Wind speed distribution analysis
results by Maximum Likelihood Algorithm and Least
Squares Algorithm respectively. Both algorithms give
approximately similar results.

o N B OO

B Av. Speed per decade (m/s) Measured data
Av. Speed per decade (m/s) Estimated with 10m hub
Av. Speed per decade (m/s) Estimated with 50m hub

Table 2
Wind speed distribution analysis by Maximum Likelihood Algorithm
Weibull k Weibull Z (m/s) Av. Speed (m/s) Power density W/m? R?
Site @10m @50m @10m @50m @10m @50m @10m @50m @10m @50m
ALMER]J 2.465 2.879 5.616 7.664 4.982 6.832 120.7 280.8 0.97205 0.9670
SHAHAT 2.212 2.155 6.176 7.314 5.470 6.477 174.3 296.1 0.94653 0.9191
ALKUF 2.293 2.692 5.684 8.107 5.035 7.208 131.8 343.9 0.96687 0.9583
TULMETH. 2.377 2.403 5.865 7.321 5.198 6.490 141.0 272.1 0.96526 0.9378
Table 3
Wind speed distribution analysis by Least Squares Algorithm
Weibull k Weibull 4 (m/s) Av. Speed (m/s) Power density W/m? R?
Site @10m @50m @10m @50m @10m @50m @10m @50m @10m @50m
ALMERJ 2.534 2.641 5.602 7.772 4.972 6.907 117.6 306.4 0.96997 0.94567
SHAHAT 2427 2.358 6.125 7.247 5.431 6.422 158.2 267.5 0.94800 0.91630
ALKUF 2.322 2.370 5.676 8.251 5.029 7.312 130.1 393.4 0.96595 0.93934
TULMETHA 2.539 2.528 5.834 7.302 5.178 6.481 132.7 260.8 0.96665 0.94125

4.3 Wind power classification

Table 4
. e Standard wind power classification [22]

Acco_rt_jlng_ to the Pacific Northvx_/est_ Laborato_ry (PNL) Wind Speed (m/s) Power Density Wi’ Wind
classification, wind energy potential is categorized into @10m @50m @10m @50m Class
seven classes depending on the magnitude of power density 0-44 0-5.4 0-100 0-200 1 (Poor)
and means of wind speed as shown in Table 4 [22]. 44-51 54-6.2 100-150  200-300 2 (Marginal)
Examining the resulted wind potential obtained in 51-56 62-69  150-200  300-400 3 (Moderate)

. e 5.6—6.0 6.9-7.4  200-250  400-500 4 (Good)
accordance with (PNL) classification, reveals the 6.0_6.4 74_78 250-300 500-600 5 (Excellent)
assessment of the results for the four sites obtained in this 6.4-7.0 78-8.6 300-400 600-800 6 (Excellent)
research. Table 5 shows the resulted assessment of the >7.0 >8.6 > 400 > 800 7 (Excellent)

wind potential as obtained in this study. This assessment
reveals remarkable wind class at SHAHAT, in the Green-
Mountain province.
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Table 5
Evaluation of wind class at 10m & 50m hub heights
Wind Class Wind Assessment
Site @10m @50m @10m @50m
ALMERJ 2 2 Marginal Marginal
SHAHAT 3 3 Moderate Moderate
ALKUF 2 3 Marginal Moderate
TULMETHA 2 2 Marginal Marginal

As seen in Table 5, this evaluation at 10m hub height
indicates that wind evaluation at the site SHAHAT is
classified ‘Moderate’ with an annual average wind speed
of 5.47 m/s, whereas wind at the remaining sites is
classified as ‘Marginal’. At 50m hub height, the wind
potential at sites SHAHAT and ALKUF is classified as
‘Moderate’ with an annual average wind speed of 6.477
m/s and 7.208 m/s respectively, whereas at the remaining
sites, the wind is classified as ‘Marginal’.

4.4 Selection the class of the wind turbine

To calculate the electrical energy produced for the system
simulated, the type of wind turbine is to be specified
initially. The power curve characteristics of the selected
Table 7

Ratings of Proposed Wind Turbine

turbine should have a cubic region (defined as the region in
which wind speed ranges between the cut-in speed and the
speed of the transition point) that fits the resulting wind
speed distribution. The International Electrotechnical
Commission (IEC) sets international standards for turbine
wind speeds each wind class must withstand [23], as in
Table 6.

Table 6
IEC Wind Class for Turbines Selection [23]
Annual Average 1
Wind Speed (m/s) 0 85 5 6
Wind  Turbine | I i Y
Class

For annual average wind speed of (> 7.5 m/s) at the sites
under study, a turbine of wind class Il is to be selected.
Thus, a 250 kVA wind turbine with the specifications listed
in Table 7 is suggested. The proposed wind farm rated
power is selected at 2 MW, which consists of 8 turbines,
each rated at 250 kVA.

Rated Power Hub Height Rotor Diameter Shear Coefficient Cut in Speed Rated speed Cut out Speed

250 kVA 50m 54m

0.14 2.5m/s 7.5m/s 25 m/s

5. Conclusions

In this research, the Weibull distribution concept is used to
evaluate wind data collected from several site locations.
Wind data is analyzed using MLM and LSM algorithms at
hub heights 10m and 50m. Results show that both
algorithms give similar distribution compared to each
other, and both give slightly lower simulation to the
measured data at 10m hub height and slightly higher than
measured data at 50m height. Four sites have proceeded
where Weibull distribution results are used to evaluate
wind class according to international standards. The
evaluation shows that at least one adapted site, namely
SHAHAT, has a wind class of ‘Moderate’ at both hub
heights, while other sites have ‘Marginal’ evaluation class.
Results also showed that at 10m, Weibull shape and scale
parameters as well as wind speed and power density were
best at SHAHAT. Whereas at 50m, site ALKUF outcomes
showed similarly motivative results for Weibull parameters
and wind density. Accordingly, the wind turbine type is
selected with rated 250 kVA, 50m hub, and 54m in
diameter. With its cut-in speed of 3.5 m/s and rated speed
of 7.5m, it fits the wind speed distribution at these sites.
Resulted wind classes characterize the size of the proposed
wind farm. 2MW farm, which consists of 8 wind turbines,
is an appropriate small-scale system for wind classes 2 and
3. This assessment for the wind potential at the selected
sites in the province indicates that investment in wind farm
projects for wind power plants is affordable in at least two
sites in Green-Mountain province.

Limitations:

The simulation assumed that all wind farm turbines are at
the same height. Hence, the air density is assumed constant
during the computations. Terrain type, which specifies the
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wind shear coefficient, is also assumed to be the same for
all turbines, which is quite acceptable for small-size wind
farms.
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