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Abstract—

A wind energy assessment is an integrated analysis of the
potential wind energy resources of a particular area. Such an
assessment begins with an understanding of the general wind
patterns of the area, and progresses to the collection and analysis
of wind data. Wind energy is an indirect form of solar energy.
Between 1-2% of the solar radiation that reaches the Earth is
converted into energy in the wind. Winds result from an unequal
heating of different parts of the Earth's surface, causing cooler
dense air to circulate to replace warmer, lighter air. While some
of the sun's energy is absorbed directly into the air, most of the
energy in the wind is first absorbed by the surface of the Earth
and then transferred to the air by convection.

The wind speed increases with the height above the ground, due
to the frictional drag of the ground, vegetation and buildings. It is
clear that any plans to harness the wind must take into account
these variables.

Because the cost of wind energy development depends
sensitively on the nature of the wind resource, any detailed
evaluation of wind energy economics requires a series of wind
assessment studies.. Wind assessment may also involve a
monitoring program and, at the most advanced stages, computer
simulations of wind flow to determine wind turbine micro-sitting.
This paper is considered as an extension to the study of the first
zone and the second zone. Estimation of wind characteristics is
considered as the first essential step to evaluate a wind energy
project based on information about all aspects of the
implementation and operation of the project. It's therefore
necessary to have detailed knowledge of the wind to select the
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suitable wind turbine for a certain zone and also to estimate its
performance accurately. Various parameters need to be known of
the wind, including the mean wind speed, directional data,
variations about the mean in the short term (gusts), daily,
seasonal and annual variations, and variations with height. These
parameters are highly site specific and can only be determined
with sufficient accuracy by measurements at a particular site over
a sufficiently long period.

This study focuses on the wind energy and wind assessment in
some selected sites such as Bozraig, Tazirbo, Jkhirra, and
Mrawa. This paper first provides background information about
wind power and its resource, including a review of available data,
which are obtained from the representative meteorological
stations. For each location, long term time series of 3-hourly
measured wind data were used; the wind data has been
recalculated to represent the actual wind speed at hub height. The
mean wind speed, the Weibull distribution, annual energy and
annual capacity factor are calculated for each site. The annual
energy and annual capacity factor calculation are based on

specification of wind turbine known as Vestas (V60- 850kw),
This study indicates that wind energy is available in some sites in
Libya, and Mrawa has the maximum power, annual energy and
capacity factor.

Keywords—shape parameter; scale parameter; annual
capacity factor; cumulative Weibull distribution

1. ANTRODUCTION
Global population is increasing day by day. The population
growth is more rapid in developing countries than the
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industrialized nations. As a result of this population growth and
developmental activities, the energy demand is also increasing.
Growing energy demand and environmental consciousness have
re-evoked human interest in wind energy. As a result, wind is the
fastest growing energy source in the world today.

Energy is one of the crucial inputs for socio-economic
development. The rate at which energy is being consumed by a
nation often reflects the level of prosperity that it could achieve.
The global energy demand is met from a variety of sources.
Fossil fuels consisting of coal, oil, and natural gas, but
unfortunately, these fossil fuels are finite resources and will be
completely exhausted one day or the other, hence, while our
energy demand is increasing day by day, the available resources
are depleting. This will definitely lead us to the much discussed
energy crisis. However, the crisis may not be an imminent reality
as the time scale may prolong due to discoveries of new
resources. Here comes the significance of sustainable energy
sources like wind. The quantum of energy, associated with the
wind is enormous. With today’s technology, wind is an
environment friendly and economically viable source of energy
which can be tapped in a commercial scale. The most critical
factor influencing the power developed by a wind energy
conversion system is the wind velocity. Due to the cubic
relationship between velocity and power, even a small variation
in the wind speed may result in significant change in power. The
Speed and direction of wind at a location vary randomly with
time. Apart from the daily and seasonal variations, the wind
pattern may change from year to year, even to the extent of 15 to
35 per cent. Hence, the behavior of the wind at a prospective site
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should be properly analyzed and understood. This paper outlines
physical phenomena that are related to the characteristics of the
wind for the selected areas as Bozraig, Tazirbo, Jkhirra, and
Mrawa. Knowing that the cost of wind energy development
depends sensitively on the nature of the wind resource, hence any
detailed evaluation of wind energy economics requires a series of
wind assessment studies. A wind energy assessment is an
integrated analysis of the potential wind energy resources of a
particular area. Such an assessment begins with an understanding
of the general wind patterns of the area, and progresses to the
collection and analysis of wind data. Wind assessment may also
involve a monitoring program and, at the most advanced stages,
computer simulations of wind flow to determine wind turbine
micro-sitting

ii. WIND ASSESSMENT

After the region has been selected for assessment, it is
necessary to collect the wind data(wind speed and direction). A
complete wind resource assessment involves a dense network of
anemometers (wind monitoring stations) recording continuous
wind data for at least one year. Since such wind monitoring
efforts are time consuming and costly, wind researchers often
obtain data sets that have been previously recorded. Several
sources may be helpful in obtaining existing meteorological
databases. For example, climatologically stations, and airports
are likely to maintain reliable records. If possible, existing data
sets should be supplemented with spot measurements. When
choosing sites to examine for potential wind development, the
researcher should focus on areas likely to have enhanced wind
speeds. In this paper data were recorded at height 30 meters
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continuously by a cup generator anemometer for all stations
of each area. Samples of this data which represents the mean
monthly wind speed for One year (2012) are as shown in tables 1.

Station

Jan Feb Mar Apr May Jun
Bozraig | 5.99 6.87 7.79 6.98 798 | 7.12
Tazirbo | 6.5 6.85 8.04 7.2 7.61 | 7.32
Jkhirra | 5.76 6.98 7.67 7.67 7.66 | 6.67
Mrawa | 6.65 7.12 7.94 7.43 7.67 | 7.98

TABLE1. MEAN MONTHLY WIND SPEED(METER/SEC)

III.  Analysis of wind regimes
The next step in the wind resource assessment is to analyze the
wind data set to determine patterns in the magnitude, duration
and direction of the wind. The Mean wind speed (V) is the most

commonly used indicator of wind production potential where
defined as

1 N

Where N is the sample size, and V. is the wind speed recorded

for the i™ observation.

Where the sample size is large, it is useful to group the wind
speed data into intervals to create a histogram of the wind speed
distribution.
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The wind speed at the surface is zero due to the friction between
the air and the surface of the ground. The wind speed increases
with height most rapidly near the ground, increasing

Station

Jul Aug Sep Oct Nov | Dec
Bozraig | 6.76 5.69 5.43 5.74 5.57 | 6.77
Tazirbo | 6.78 6.23 5.79 6.34 6.52 | 6.86
Jkhirra 6.74 | 6.21 5.67 5.89 6.10 | 6.91
Mrawa 7.95 7.49 7.53 7.12 6.74 | 7.91

{2
V(2) __\%
V(10) h{ IOJ

Zy

3)

less rapidly with greater height. At a height about 2 km above the
ground the change in the wind speed becomes zero. The vertical
variation of the wind speed, the wind speed profile, can be
expressed by different functions. Two of more common

functions which have been developed to describe the change
in mean wind speed with height are based on experiments and are
given below.
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e Power exponent function
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Where Z is the height above ground level, V is the wind
speed at the reference height Z_above ground level, V(z) is the
wind speed at height z, and [ is an exponent which depends on
the roughness of the terrain. A typical value of [1 might be 0.1

e [ogarithmic function
Where V(10) is the wind speed at 10 m above ground level and
z, is the roughness length. The parameters [1 and z, for different

types of terrain are shown in Table 2.

TABLE 2 ROUHJNESS OF DIFFERENT TERRIANS.

Type of terrain Roughness class z,(m) p
WATER AREAS 0 0.001 0.01
Open country,
few surface 1 0.12 0.12
features
Farmland with
buildings and 2 0.05 0.16
hedges
Farmland with
many trees, 3 0.3 0.28
forests, villages

Both functions can be used for calculation of the mean wind
velocity at a certain height, if the mean wind velocity is known at
the reference height. In this study we used the power exponent
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function during the calculation and choose the value for § which

equal 0.12.

IV. WIND STATISTICS
Studies show that a wind speed distribution can typically be
described in terms of the Weibull distribution. The equation of
the non-cumulative Weibull distribution is:

pV) = %G)exp {— (%)} @)

While the cumulative Weibull distribution is:

P(V)=exp H%}} 5)

Where £ is the shape parameter and C is the scale parameter.
Finding a best fit Weibull distribution is a convenient way to
approximate a continuous wind speed distribution from the
discrete observed values. In addition, this method is also useful
in that the wind regime of an area can then be described using
only the two Weibull parameters, k£ and C.

The parameters C and k for the Weibull frequency distribution
can be found by plotting In V against In(-In(P(V)), where In is
the logarithm to base e, and fitting a straight line to the points.
The slope of the line is equal to k and C is equal to exp(In V), or
V, where In(-In(P(V)) is zero. This technique is based on taking
logarithms of cumulative Weibull distribution twice

IV. ANNUAL ENERGY AND CAPACITY FACTOR
The calculation of the annual energy yield of a wind turbine
i1s of fundamental importance in the evaluation of any project.
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The long-term wind speed distribution is combined with the
power curve of the turbine to give the energy generated at each
wind speed and hence the total energy generated throughout the
year. It is usual to perform the calculation using 1m/s wind speed
bins as this gives acceptable accuracy. The annual energy
expressed mathematically as

Energy = i H(@)P(i) (6)

i=1

Where H(i) is the number of hours in wind speed bin 1 and P(i) is
the power output at that wind speed.

Another measure is the load or capacity factor, defined as the
ratio of the actual energy generated in a time period to the energy
produced if the wind turbine had run at its rated power over that
period. For example,

energy per year(kWh) 7)

rated power (kW) x 8760

Annual load factor=

There are several similar measures of power plant performance.
To avoid confusion when comparing the performance of wind
plant, the precise definitions of availability or load factor should
be clearly understood.

VI. RESULTS AND DISCUSSION

To determine the Weibull frequency distribution, and the Weibull
cumulative distribution, it is necessary to determine first the scale
parameter (C), and the shape parameter (k). Fig. 1 show the
technique that used to determine these parameters for Mrawa city
(as a sample), the values of scale parameter is C = 9.34 m/s.
While the slope of straight line is the value of shape parameter

Journal of Faculties of Education W Issue welfth November 2018



\ bud va ALl adlbb padiq puadd ,

which is k = 3.23, and the values of these parameters for the other
areas are indicated in Fig.3.

Table 4 show the value for the probability of wind speed which
drawn by using the values of scale and shape parameters with
equation 4, from this histogram its clear that the wind speed that
has maximum frequency is 7.1 m/s in Bozraig (Profitability
=13.78%), 8.0 m/s in Tazirbo (Profitability = 13.53%), 7.0 m/s in
Jkhirra (Profitability = 13.66%)and 8.2 m/s in Mrawa
(Profitability = 12.54%). The annual mean wind speed can be
estimated from the histogram of the probability of wind speed by
take a summation of multiply each wind speed in its profitability,
the mean wind speed is 7.2 m/s in Mrawa, while Fig.4, show the
values of mean wind speed and the wind speed of maximum
frequency for the other areas. Figs. 2, show the Weibull
cumulative distribution for Mrawa city which gives the
probability of the wind speed exceeding the value of any given
wind speed, (all the results calculated at 30 meter height)

The calculations of the annual energy and capacity factor for
each site are based on the data of Ventis v 60 wind turbine,
which has a rotor diameter of 60 meters and a rated power of 850
kW. Fig. 5 shows the annual energy for each city, and the
maximum annual energy is 2187.34 MWh in Mrawa, while the
minimum one is 1434.12 MWh in Bozraig, from these values it
seems that this type of wind turbines is proper in some areas like

Mrawa.. The final results of calculations are summarized in table
3 and table 4.

Journal of Faculties of Education W Issue welfth November 2018



3.2155x - 7.2694 | R?=0.989

In(-In(p(v)))

Y

Figl: Weibull parameters for Mrawa city

120

In(v)

100

80

\\
60

o AN

N

20 N

percentage of wind speed exedds (U)

N~

T ——

0 5 10

15

wind speed (m/s)

Fig2: Cumulative Weibull distribution for Mrawa city

138

20

25

30




RN
N

L

N
o

cale

HS

hape

Scale and shape parameters

Mrawa Jkhirra Tazirbo

Bozraig

Fig3: Shape and scale parameters

9
3 lme]en wind
. B Max. frequncy
6 -
?
8°
24
2
3 -
2 -
1 -
0 .
Mrawa Jkhirra Tazirbo Bozraig

Fig. 4. Mean wind speed and wind speed of max-frequency

139




2500

2000

[EEY
(9]
o
o

1000

Annual energy Mwh

500

Mrawa Jkhirra

Tazirbo

Bozraig

Fig5: Annual energy —based on V60-850 Kw
TABLE 3. RESULTS OF THE AREAS UNDER STUDY

. Annual
City Wind speed of | Annual energy capacity factor
max. frequency Mwh o
(o)
Bozraiq 7.1 1434.12 19.30
Tazirbo 7.98 1877.5 26.01
jkhirra 7.1 1743.58 24.15
Mrawa 7.99 2187.34 30.02
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TABLE4. PERFORMANCE OF THE AREAS UNDER

STUDY
A 1
Scale Shape o nhua
City parameter | parameter Probability rean
(%) wind
C (m/ K
(m/s) speed
Bozraiq 5.5835 3.1199 13.78 6.3
Tazirbo 8.9768 3.0912 135.3 6.7
jkhirra 8.6479 3.0828 13.66 6.5
Mrawa 9.3410 3.23 12.54 7.2

VII. CONCLUSION AND RECOMENDATIONS

1-The results of this paper indicates the possibility of utilizing wind energy
in electricity generation for some selected areas and linking it with the
general electric power grid as in cases of Mrawa, Tazirbo and Jkhirra, while
the Bozraig could be used in other applications such as battery charging or
pumping water.

2- Mrawa has the maximum annual energy and capacity factor while
Bozraig has the minimum annual energy and capacity factor.

3-Existing data resources indicates that the mean annual wind speed of 7.2
m/s at Mrawa with theoretical capacity factor exceeding 30.02 %. These
values indicate that Mrawa could generate 2187.34 kWh.

4- More modern wind measuring equipments and an advanced soft wares
should be available to increase the accuracy of the work.

5- Making campaigns to measure wind speed data in order to cover the
majority in our country, paving the way for making a wind Atlas.

6-Making studies about the effect of entering the wind energy systems to the
general electric grid

7-The whole area of the country should be examined to detect the fields
proper for the establishment of wind turbine farms, and public initiatives
should start establishing wind energy farms in the selected areas.

7- The Universities and the scientific centers of North Africa countries
should work together as one team in the field of renewable energy, this will
reduce the cost and save the time required.
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