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Abstract: Global climate change and its result global warming have occurred serious environmental problems which humanity faced. Alternative energy 
sources are gained attention in order to prevent carbon emissions. In this study, wind characteristics, available wind power density and techno-economic 
assessments of the wind turbines have been investigated. Data obtained from the European Centre for Medium-Range Weather Forecasts (ECMWF) 
ERA-Interim reanalysis database between 2010-2013. The data is extracted daily, 3 hours time-step, 0,125x0,125 spatial grid resolution with a 
geographic window 33.625N-33.00W-35.125S-34.375E. The results show that, Karpaz peninsula (Eastern part of the Island) has a marginal 
classification of wind speed at 10-meter heights. The Annual mean speeds for the Karpaz peninsula have been found between 4.02 – 4,48 m/s and the 
WPDs are 92.94-111.55 W/s

2
. Shape and scale parameters have been calculated and Kolmogorov-Smirnov tests have been analysed to the goodness 

of fit tests. The highest capacity of the wind turbine is determined as 59,7% by the model of SW-2KW with the lowest cost of electricity production which 
0.06$/kWh. This study shows that it is possible to produce wind energy with small scale wind turbines between 1-5kW. 
 
Index Terms: Economic Analysis, Northern Cyprus Wind Power, Northern Cyprus, Renewable Energy, Statistical Analysis, Wind Characteristics, 
Probability Distribution Function, Wind Power Density 
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1. INTRODUCTION 
Greenhouse gas emissions have dramatically increased 
after the mid-20

th
 which is called great acceleration. The 

increasing of socio-economic trends such as population & 
urban population, real GDP, primary energy use, and 
transportation are strongly correlated with the atmospheric 
concentration of carbon dioxide, nitrous oxide, methane 
and, increasing of surface temperature and ocean 
acidification which called Earth system trends [1].  In order 
to prevent human-driven greenhouse gas emissions 
renewable energy resources play critical roles. Wind energy 
is one of the oldest and mature technologies which is used 
for grinding grains and pumping wells and electricity 
generation in recent decades [2]. In the last decade, the 
world’s installed capacity of onshore and offshore wind 
energy was 177.764MW and 3.056MW in 2010 respectively 
which has reached to 594.396MW and 28.038MW in 2019 
[3]. Wind Energy has almost zero carbon emission and its 
competitive cost encourages the researchers towards this 
field. [4]. Hereby, Kassem et al. [5], investigated the wind 
characteristics and available wind energy for three urban 
regions in Northern Cyprus using the Weibull distribution 
function and the performance of a rooftop photovoltaic (PV) 
system for household buildings in three selected is 
assessed. The wind power density has been found for the 
cities of Lefkoşa, Girne, and Gazimağusa as 15,05 W/m

2
, 

11,72 W/m
2, 

and 68,49 W/m
2  

respectively. Alayat et al. [6],  
investigated the wind energy potential of Northern Cyprus 
of eight selected locations. It is found that the Eastern 
locations of Northern Cyprus have greater wind power 

density than the Western Part of Northern Cyprus and 
Dipkarpaz is the best location for harvesting wind energy. 
Kassem et al. [7] made an economic evaluation of wind 
power in Salamis Region, Northern Cyprus, it is found that 
the wind speed density is not suitable for high capacity wind 
turbines. Kassem et al. [8], modelling the wind speed 
characteristics of three coastal regions in Lebanon, it is 
found that wind power density considerable for using smalls 
scale wind turbines. Khan et al. [9] investigated the wind 
power potential at seven selected locations in Pakistan. The 
distribution functions were applied to analyse wind speed 
characteristics and estimated wind power density. 
Hernandez et al. [10], made a techno-economic analysis 
that was developed using the annual net present value 
(ANPV) technique in order to evaluate project feasibility. 
Antos et al. [11], made an experimental study that wind 
resource characteristics and energy yield for micro wind 
turbines integrated on noise barriers. It is found that cost 
analysis with cost reductions due to integration and the 
energy yield changes due to the barrier show an LCOE 
reduction at 60%–90% of the reference value.  Predictions 
of wind energy potential in urban areas are particularly 
challenging. Rezaeiha et al. [12], investigates the urban 
energy potential by using online free access databases and 
GIS servers at a country scale for the Netherlands. In this 
framework, the authors estimated the wind energy potential 
where 18,156 urban wind turbines are installed on the roof 
of 1513 existing high-rise buildings, with an average 
number of 12 turbines per building roof in 12 major cities in 
the Netherlands. In Northern Cyprus, power generation is 
heavily dependent on fossil fuel.  The Cyprus Turkish 
Electricity Authority has a total of 261MW installed power 
generation and regarding the renewable energy sources, a 
1,27MW PV power plant is located in Serhatköy [5]. 
Electricity demand is increasing year by year due to 
population and GDP growth; therefore, policymakers and 
consumers should consider renewable energy sources in 
order to reduce environmental hazards and help to prepare 
for a sustainable future. In this context, this study aims to 
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evaluate the open-access satellite wind data in order to 
understand wind power characteristics, evaluating wind 
power density, make techno-economic assessments to take 
the attention of the researchers and policymakers in the 
field of renewable energy in terms of wind power. Here, 
among the 19 measuring points, only 5 points of their 
locations have marginal class wind energy density and, in 
this study, only these points have been evaluated. To 
understand the wind speed characteristics maximum-
likelihood method has been used to determine the Weibull 
parameters which are shape (K) and Scale ( C ) 
parameters.  Regarding the economic analysis of wind 
turbines Present Value Cost analysis has been made. 
 

2. MATERIALS AND METHODS 
The wind speed data obtained from the European Centre 
for Medium-Range Weather Forecasts (ECMWF) ERA-
Interim reanalysis database between 2010-2013. The data 
is extracted daily, 3 hours time-step, 0,125x0,125 spatial 
grid resolution with a geographic window 33.625N-33.00W-
35.125S-34.375E. In this area, there have been 19 analysis 
point data that can be extracted. The extracted data 
parameters include 10-meter U wind and 10-meter V wind 
components. Table 1. shows the specification of ECMWF 
ERA-Interim daily data extracted. 

 
Table 1. Specifications of the ECMWF ERA-Interim 

Spatial grid 
resolution 

0.125 x 0.125 degrees 
latitude/longitude 

Geographic 
window 

33.625N-33.00W-35.125S-
34.375E 

Years 2010-2013 

Time 
resolution 

Daily – 3 Hour Averages  
(00:00, 03:00, 06:00, 09:00, 
12:00, 18:00, 21:00) 

Parameters 
10 m wind U (W→E) – 10 m 
wind V (N → S) -  

 
The wind speed parameters are the vectors of two 
dimensions. Therefore, the below equation is used to 
determine the magnitude of wind speed. 

                                                              

  √(    )  (    )       (1) 

 
After determining the magnitude of wind speed, in this 
study, Weibull parameters are determined by the maximum 
likelihood method [5],[13]. 
 

   (2) 

                                 (3) 
 

Where n is the number of wind data which are not equal to 

zero,    is the wind speed at step  .  
After determining the Weibull parameters, the Weibull 
distribution functions are utilized to evaluate wind power 

density. The probability density  ( )  and the cumulative 

distribution  ( )  for Weibull distribution are given below 
[5],[9]: 
 
                             

                   (4) 
                                             

                               (5) 
 
Where K is the dimensionless shape parameter and C is 
the scale parameter in m/s. 
The wind energy potential of a specific region can be 
calculated by the evaluation of wind power density (WPD).  
The wind power density in W/m

2 
using the probability 

density function (PDF) is expressed below [5],[9]: 
 

                                            (6) 
The average WPD can be determined for a period 
measurement via the below equation [5],[9]: 
 

                                                          (7)                                      
 

Where, P is the wind power density in W, A is an area in 
m

2
,   is the air density which used 1.225kg/m

3 
in this study, 

 ( ) is the probability density function,   wind speed m/s, 
 ̅ is the mean power density in W,  ̅ is the mean wind 
speed in m/s. 
The most probable wind speed     and the wind speed 

carry the maximum energy can be determined by using 
scale and shape factors via equations given below [5],[9]: 
 

                                                 
(8) 

 

                                        (9) 
The total generated energy     over a period by the 
wind turbine can be calculated as [5],[9]: 
 

                                         (10) 

The capacity factor    of the wind turbine can be 
estimated as [5],[9]: 
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(11) 
The wind energy cost can be calculated by the present 
value cost (PVC) method. The method can be expressed 
below [14]: 

(12) 
Where r is the discount rate, I is the inflation rate, n is the 
machine life described by the manufacturer,      is the cost 
of operation and maintenance, I is the investment 
summation of turbine price and other initial costs, including 
provisions for civil work, land, infrastructure, installation and 
grid integration and S is the scrap value of the turbine price 
and civil work. 
Finally, the electricity generated cost per kWh (EGC) can 
be estimated as [14]: 
 

                                              
(13)  

3. Wind Power Density for Selected Points 
The wind power density was calculated for 10-meter 
heights for this study. The calculations of wind power 
density are very important to estimate at the wind turbine 
hub height. Therefore, all hub heights are selected 10-
meter in the catalogue of the manufacturers.  Table 2. 
shows the statistical parameters of the selected points.  The 
distribution parameters are determined by the maximum 
likely-hood method and tested goodness of fit statistics in 
terms of Kolmogorov-Smirnov.  Fig. 1 shows the satellite 
measurement data all over Northern Cyprus. After the data 
evaluation, it is calculated that the points of ECM9, ECM10, 
ECM11 ECM12, and ECM13 classified their WPD as 
marginal. In Fig. 1 it is observed that the marginal 
classification of WPD is concentrated on the East of 
Northern Cyprus. The general trend of wind speed 
characteristics is increased from the West to the East 
island. 
 

 
Table 2. Statistical Parameters 

Data Point ECM9 ECM10 ECM11 ECM12 ECM13 

WPD 92,94 95,52 100,22 111,55 111,38 

Mean 4,02 4,1 4,21 4,33 4,48 

Std.  
Deviation 

2,16 2,23 2,31 2,4 2,49 

c 1,899 1,925 1,91 1,862 1,845 

k 4,768 4,836 4,903 5,045 5,025 

Vmp 3,22 3,3 3,32 3,34 3,29 

VmaxE 5,16 5,12 5,26 5,62 5,68 

Kolmogorov 
Smirnov 

0,0353 0,029 0,026 0,0277 0,028 

 
Table 3. Wind Power Classification at 10-meter height 

  Power Class Power at 10-meter (W/m
2
) 

1 Poor ≤ 100 

2 Marginal ≤ 150 

3 Moderate ≤ 200 

4 Good ≤ 250 

5 Excellent ≤ 300 

6 Excellent ≤ 400 

7 Excellent ≤ 1000 

 
ECM11, ECM12, and ECM13 are located on the most 
western part of Northern Cyprus which is called the Karpaz 
Peninsula, it was estimated to be 100.52, 111.55, and 
111.38 W/m

2. 
respectively. ECM8 is fallen mid-west of Girne 

region which has power density 80,51 W/m
2
. ECM9, ECM7, 

and ECM18 points have 92.94, 81.87, and 79,17 W/m
2 

respectively. Fig. 2 shows the distribution of wind speeds 
and Weibull PDF fitting.  
 

4. TECHNO-ECONOMIC ASSESSMENT OF 
THE WIND ENERGY 

In this section, 2 types of wind turbines are examined. 
Horizontal axis wind turbine (HAWT) and vertical axis wind 
turbine (VAWT). In this context, two different companies’ 
HAWT and VAWT models were examined. Table 4. shows 
the specifications of the wind turbines.  

 
Table 4. Specifications of the Selected Wind Turbines 

Turbine  
Type 

Model 
Rated 
Power 

Diameter Vci Vr Vco 

HAWT SW-1KW 1000 3,2 2,5 8 25 

HAWT SW-2KW 2000 3,5 3 8 25 

HAWT SW-2,5KW 2500 4 3 8,5 25 

HAWT SW-3KW 3000 6 3 8,5 25 

HAWT SW-5KW 5000 5,6 3 10 25 

HAWT 
AEOLOS-H 

1KW 
1000 3,2 2,5 10 25 

HAWT 
AEOLOS-H 

2KW 
2000 4 3 10 25 
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HAWT 
AEOLOS-H 

3KW 
3000 5 3 10 25 

HAWT 
AEOLOS-H 

5KW 
5000 5,6 3 11 25 

VAWT SW-V1KW 1000 1,8 2,5 12 20 

VAWT SW-V2KW 2000 2,6 2,5 12 20 

VAWT SW-V3KW 3000 3,2 2,5 11,5 20 

VAWT SW-V4KW 4000 3,5 2,5 11 20 

VAWT 
AEOLOS-V 

1KW 
1000 2 2,5 10 25 

VAWT 
AEOLOS-V 

2KW 
2000 2,8 2,5 11 25 

VAWT 
AEOLOS-V 

3KW 
3000 3,6 2,5 11 25 

VAWT 
AEOLOS-V 

5KW 
5000 4,8 2,5 11 25 

 

In order to estimate the wind energy cost, the PVC method 
has been used in this study. All hub heights are calculated 
as 10-meter. Wind turbines selected on grid type, including 
grid on inverter and controller with 10-meter monopole 
tower.  The yearly energy production of the turbines is 
calculated by 8760 hours. Table 5 shows the generated 
electricity cost per kWh (UCE) and the capacity factor of the 
turbines. The optimum electricity costs per kWh reveal 
themselves for the SW-2KW model with the highest 
capacity factor.  For the VAWT model, SW-V2KW is the 
best model with a capacity factor of 32%. In general SW 
types of turbines is the best option. In the models of Aeolos, 
AEOLOS-V 1KW is the best option. But still, the cost per 
kWh is expensive than the SW models. Both HAWT and 
VAWT models have their own advantages and 
disadvantages.  In general, VAWT is considered for urban 
areas, while HAWT is for rural areas. VAWT models can be 
installed more easily on roof-tops, buildings, or towers. 
They are more suitable for low-wind speed environment 
due to their low cut-in speed relatively on HAWT. There is 
no electromagnetic interference, a low failure rate, and has 
a low noise level. Moreover, quite small blade rotation 
space has small effects on the birds. However, HAWT’s 
efficiency is greater than the VAWT. When the winds blow 
on the blades, all swept areas contribute to energy 
production. 

 

Fig. 1. Locations of the Data Points 
 
 

 
Fig. 2. Fitting Weibull Probability Density Function to the 

Wind Speed Data of ECM9  
Fig. 3. Fitting Weibull Probability Density Function to the 

Wind Speed Data of ECM10 
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Fig. 4. Fitting Weibull Probability Density Function to the 

Wind Speed Data of ECM11 

 
Fig. 5. Fitting Weibull Probability Density Function to the 

Wind Speed Data of ECM12 

 
Fig. 6. Fitting Weibull Probability Density Function to the 

Wind Speed Data of ECM13 
 

Table 5. Economic Calculation of the Wind Turbines for 
Selected Region 

Turbine 
Model 

ECM9 ECM10  ECM11 ECM12 ECM13 CF 

SW-1KW  $0,13 $0,13 $0,12 $0,11 $0,11 35,70% 

SW-2KW $0,07 $0,07 $0,07 $0,06 $0,06 59,70% 

SW-2,5KW $0,10 $0,10 $0,09 $0,08 $0,08 47,60% 

SW-3KW $0,10 $0,10 $0,09 $0,08 $0,08 36,60% 

SW-5KW $0,15 $0,15 $0,14 $0,12 $0,12 29,80% 

SW-V1KW $0,10 $0,10 $0,09 $0,08 $0,08 33,40% 

SW-V2KW $0,08 $0,08 $0,08 $0,07 $0,07 32,00% 

SW-V3KW $0,10 $0,10 $0,09 $0,08 $0,08 36,00% 

SW-V4KW $0,47 $0,46 $0,43 $0,39 $0,39 57,40% 

AEOLOS-H 
1KW 

$0,57 $0,56 $0,53 $0,48 $0,48 18,30% 

AEOLOS-H 
2KW 

$0,98 $0,95 $0,91 $0,82 $0,82 23,40% 

AEOLOS-H 
3KW 

$1,38 $1,35 $1,28 $1,15 $1,15 22,50% 

AEOLOS-H 
5KW 

$2,54 $2,47 $2,36 $2,12 $2,12 22,40% 

AEOLOS-V 
1KW 

$0,38 $0,37 $0,36 $0,32 $0,32 46,80% 

AEOLOS-V 
2KW 

$0,64 $0,62 $0,59 $0,53 $0,53 35,90% 

AEOLOS-V 
3KW 

$1,02 $0,99 $0,94 $0,85 $0,85 32,50% 

AEOLOS-V 
5KW 

$1,90 $1,85 $1,76 $1,58 $1,59 30,50% 

 
Table 6. Comparison Specification of Horizontal Axis vs. 

Vertical Axis Wind Turbines 

Specification HAWT VAWT 

Electromagnetic Interference Yes  No 

Steering Mechanism of the Wind Yes  No 

Gear Box Above 10kW No 

Blade Rotation Space Quite Large Quite Small 

Wind-Resistance Capability Weak  Strong 

Noise 5-60bB 10dB 

Cut in Speed 2.5-5 m/s 1,5-3m/s 

Failure Rate High  Low 

Rotating Speed High  Low 

Effect on Birds Great Small 

Power Curve Depressed Full 

  

5. CONCLUSIONS 
In this study, wind speed and wind energy potential for 5 
satellite data points for Northern Cyprus have been 
examined. The data retrieved from the ECMWF ERA-
Interim data source. As the wind speeds increase from 
West to East, it is found that the Eastern part of Northern 
Cyprus especially the Karpaz Peninsula has a marginal 
classification of wind speed at 10-meter heights. The 
Annual mean speeds for these 5 data points between 4.02 
– 4,48 m/s and the WPDs are 92.94-111.55 W/s

2
. Shape 

and scale parameters have been calculated and 
Kolmogorov-Smirnov tests have been analysed to the 
goodness of fit tests. Both vertical and horizontal axis wind 
turbines are examined in this study with two different 
companies which are Aeolos Lotus Energy Technology Ltd. 
and Senwei Energy Technology Inc. The highest capacity 
of the wind turbine is determined as 59,7% by the model of 
SW-2KW with the lowest cost of electricity production which 
0.06$/kWh. This study shows that it is possible to produce 
wind energy with small scale wind turbines between 1-5kW. 
For futures work, this study reveals that cost-effective wind 
energy can be productive and researchers should focus on 
more Eastern parts of the Island. Real data should be 
measured, and a wind map of the island should be created 
especially potential sites according to satellite data. As a 
suggestion for the potential sites, the different origins of 
2kW and 3kW wind turbines should be set up for their 
testing purposes with HAWT and VAWT models to get real 
energy production measurements.  
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