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	In this paper power energy estimated based on wind speed records in a coastal city in Palestine Ashdod. The main aims of this study to calculate payback period of energy that can produce and to encourage investment in renewable energy in Palestine. The daily average wind speed data had been analyzed and fitted to the Weibull probability distribution function. This study calculated the energy that can produce from wind turbine to estimate the payback period of any possible project in wind energy conversion system. The author has been calculated wind energy using two different method based on Weibull data and measured data. The parameters of Weibull had been calculated by author using Graphical method the applied example wind turbine is 5kw wind turbine generator this is suitable turbine for small scale based on wind speed records on the coastal plain of Palestine. The total amount of energy for 2010 is 10749.8 kw.hr/m2 based on measured wind speed. Payback period for the project in wind energy turbines is around 3 years which make the generation electricity possible for small scale but not commercial. This study objective is to assess the wind energy production in Palestine to encourage investment in renewable energy sectors.
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1. INTRODUCTION
The environment of political risk and uncertainty has inhibited investors from making large scale energy or industrial investments. Regardless of all these challenges, Palestine has gone forward to use its natural resources for construction and rehabilitation [1, 2]. The renewable wind power shows a cheap and feasible solution to spread power generators through large areas worldwide. It turns into one of the most environmental and convenient friendly way of electricity generating. The major capacity of every wind turbines world widely installed by the last of 2017 was 539’291 Megawatt, in reference to preliminary statistics reported by WWEA today[3, 4].
In the year 2017, 52’552 Megawatt were added, a little higher than in 2016 when 51’402 Megawatt online went. That was the third greatest number ever installed through a year only, after the record years 2014 and 2015. However, the annual increase rate is the lowest growth ever of only 10,8 % since the wind turbines  industrial deployment of the early  end of the twentieth century[4].
With no proven fossil fuel reserves, wind and solar energy are the only indigenous energy resources for the Palestinians. Basically solar energy is used extensively for domestic water heating while wind energy resources have yet to be assessed except some little studies[5].
Therefore, many governments put an ambitious goal to supply a significant portion of their electrical grid from renewable energy such as PV and Wind energy.


[image: ]
Figure 1. Palestine map clarifies Ashdod city and coastal plain of Palestine[6].




In Palestine, Applications in the renewable energy field are very limited because of small investments in this sector with the remarkable exception of solar water heaters. In the sector of electrical energy, the bulk of the electrical resource to the Palestinian territories drives from Israeli electrical company. This monopoly also affects the cost of electricity, and leads to electricity shortages, with the a great threat of a future energy dilemma in the future [2]. Traditional energy resources are lacking while the consumption of non-renewable sources in various fields continues to rise. Therefore, the critical situation in this region, the siege imposed and the growing need for alternative sources of energy have become urgent concerns. Such urgency is highlighted by the continued interruption of electric power and fuel supply.
The available electricity generated by a wind power generation framework in a given wind field depends on the MWS, standard deviation of wind speed and installation location. In this study, we aim to assess the wind energy production in Palestine by analysing wind data using an efficient probability function presented in previous research. Although several studies have been conducted at various Palestine territories, we believe that this study is the first relevant research on the Gaza Strip. We utilise the information recorded from the coastal city of Ashdod in 2010. In this study, wind energy potential has been estimated. Wind energy and power has been calculated based on measured data and Weibull value. The two parameters of Weibull had been estimated by author in the previous study using graphical numerical analysis[7].

2. WIND ENERGY POTENTIAL 
Wind speed for a given Ashdod sites can be characterized by probability distribution functions (Weibull curve). The Weibull probability distribution function is given by [8]


						(1)

Where  the probability of occurrence of speed is,  is the annual MWS,  is a shape factor Weibull parameter (dimensionless),  is a scale factor with m/s units. The parameters of Weibull can be calculated using the annual MWS.


						(2)


.								(3)


Where  is the complete gamma function. The maximum power that can extracted from the wind given by equation (3).

		 						(4)

Where  is the area swept by the rotor in is the air density in , and  is the wind speed in  as mentioned above.

				(5)

 							(6)

Where: yearly mean wind speed  is depend on the site in, swept area , Weibull shape factor  (dimensionless), Weibull scale factor  density of air , Shape factors and scale factor had been calculating using graphical method as mentioned in appendix.  is the power available in wind calculated by equation 4. D is the total time duration of wind speed value in the year.

3.  RESULTS AND ANALYSIS
Wind speed measurement had been measured for Ashdod city during 2010. Wind speed records obtained including the hourly mean wind speed for every single hour from the total (8760 a year). The data categorized based on the range for wind speed records. This study calculated the maximum power and power density per unit area from the wind based on the mid range of monthly wind speed.
The energy has been estimated using Weibull value and wind speed measured data. The power calculated using equation 4, power density by multiplying the power available with percentage of occurrence, Weibull value using equation 1, energy using Weibull equation 5 and finally energy using data by equation 6.




Table 1 Yearly wind speed for 2010, power and energy calculations for Ashdod city[9].
	
Speed range (m/s)
	Mid range
	Duration (hours)
	Occurrence percentage (%)
	Power(W/m^2)
	Power density(W/m^2)
	Weibull values
	Energy(kWh/m^2) using Weibull
	Energy(kWh/m^2) using data

	
	
	
	
	
	
	
	
	

	0
	0
	0
	0
	0
	0
	0
	0
	0

	0—1
	0.5
	267
	3.05
	0
	0.0653
	0.073
	1.37
	0.57

	1—2
	1.5
	1760
	20.09
	2.14
	11.59
	0.152
	77.050
	101.55

	2—3
	2.5
	2583
	29.49
	57.7
	78.78
	0.182
	426.97
	690.05

	3—4
	3.5
	1473
	16.82
	267.15
	123.30
	0.175
	1125.23
	1079.78

	4—5
	4.5
	1210
	13.81
	733.05
	215.16
	0.146
	1988.56
	1885.17

	5—6
	5.5
	833
	9.51
	1557.99
	270.52
	0.108
	2696.58
	2369.52

	6—7
	6.5
	359
	4.1
	2844.56
	192.51
	0.073
	3001.97
	1685.63

	7—8
	7.5
	146
	1.67
	4695.35
	120.46
	0.045
	2852.87
	1053.09

	8—9
	8.5
	59
	0.67
	7212.92
	70.35
	0.026
	2372.57
	619.49

	9—10
	9.5
	43
	0.49
	10499.88
	71.83
	0.014
	1756.12
	630.33

	10—11
	10.5
	21
	0.24
	14658.8
	47.50
	0.007
	1170.95
	415.64

	11—12
	11.5
	1
	0.01
	19792.26
	2.60
	0.003
	709.71
	26.00

	12—13
	12.5
	2
	0.02
	26002.86
	6.68
	0.001
	393.73
	66.79

	13—14
	13.5
	3
	0.03
	33393.16
	12.62
	0.000
	201.04
	126.197

	Sum
	
	8760
	100
	42065.77
	163783.59
	1
	18774.72
	10749.80





Table 1 lists in detail the mean wind speed in Ashdod site during 2010. Values for percentage of occurrence for each wind speed range, power available in the wind for each range per unit area, power density Weibull values using equation 1, the total calculated power is 42065.8 watt per unit area. The total estimated energy based on Weibull probability distribution is 18774.7 kWh/m^2 whereas, the total calculated energy based on the measured is 10749.8 kWh/m^2.


Figure 2. Number of hours per year for each wind speed rang for Ashdod city 2010.
Figure 2 illustrates a graphical representation of the distribution of hourly duration for different ranges of wind speed.





Figure 3 Weibull probability distribution for 2010

Figure 3 shows the mean wind speed was fitted well to probability distribution function. It can be clearly noticed that the most of average wind speed values are between 1.5 to 4 m/s.


Figure 4 Calculated and estimated energy based on measured data and Weibull.



[bookmark: _Toc345713993]Figure 4 presents energy estimated based on Weibull value versus  energy calculated using measured wind speed data.

4.  PAYBACK PERIOD
It can be calculated the payback period of any project by calculating the annual return and the total cost of the installing. The example project is relatively small so the insulation cost is very cheap especially for small scale wind turban.
Table 2 shows the annual energy that can produced using 5 kw wind turbine. The total energy calculated is 10749.8 kw.hr/m2 . The annual energy that can produce per unit area is 380.39 kw.hr/m2. The annual return for wind turbine (5kw) per a year is 1540 $. Payback period is around 3 years regardless the maintenance and operating fees.

Table 2 Payback period for wind energy conversion system
	Annual energy that can produced using wind turbine
	10749.8 kw.hr/m2

	Annual energy that can produced per unit area
	380.39 kw.hr/m2

	Kw/hr Bill ($)
	0.1430 $

	Annual return turbine kw.hr/m2 a year
	1540 $

	Payback Period (yr) (cost 4500$/m2)
	2.9 years





[bookmark: _Toc345713996]5. CONCLUSION
This study has been calculated the energy that can produced per unit area for Ashdod city in the coastal plain in Palestine. This study represents the Weibull probability distribution,Weibull value has been calculated based on graphical method. Power and energy have been calculated based on measured data. 5kw the applied example wind turbine generator due to appropriateness for small scale. Small wind power generator can start in a light wind, and in the bad environment, it can work safely, regardless of a furious storm, this type not required special caring. Energy has been estimated based on Weibull vale and calculated based on measured data. The total energy calculated is 10749.8 kw.hr/m2. Payback period for small wind turbine generator based on energy value is around 3 years. This study shows the economical feasibility of small scale wind turbine. Therefore, encouraging the investment in this field and state care for this kind of investments.
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APPENDIX A

· ESTIMATION OF WIND POWER DENSITY (WPD)
WPD reflects a target location’s wind energy resource in the selection of optimum wind turbines. WPD identifies a location’s accessible energy level. It is calculated in two ways: based on measured wind speed data and proper distribution function. This study calculates available power on the capacity[10]. WPD is measured on the basis of the 1) available power specified by the measured mean wind speed (MWS) of the meteorological station and 2) frequency distribution function (two-parameter Weibull method)[11-15].WPD is an essential indicator to understand the potential of wind resources. It also represents the amount of wind energy at different wind speeds in a particular location. Estimation is performed to predict a) power generation among a grid of wind turbines and (b) future power generation in a given site. Thus payback period and feasibility can be estimated.
In this study 5 kw wind turbine has been applied to estimate the power and energy per unit area. Therefore, the amount of energy that can produce from the wind generator can lead to calculate the economic feasibility. The amount of power extracted by this wind energy conversion system is represented by the following equation 1 and 2[9, 15, 16].

     							 (1)
    						

     								 (2)

where  is the wind power coefficient (function of tip speed ratio, λ and pitch angle β), the maximum value of power coefficient is around 53% based on Betz law (theoretically). However, the best value of the power coefficient is from 35% to 40 % for most of the wind turbines. R is the rotor blade radius (m), Where  is the air density , 𝑣 is the wind speed (m/s) and  is the area of rotor. 

· Graphical Method (GM) 
The GM, also called the LSM[17], is employed using the CDF. In GM, the wind speed record ought first be categorised into bins. After using the logarithm of equation below twice, the GM equation can be obtained as follows.
.


					(3)

					
The GM is used by a logarithmic function of the CDF , that is, the CDF is modulated for the inclusion of a dual logarithmictransformation [18]
Plotting as the -axis versus as the y-axis shows a straight line in which is the slope and the y-intercept is [7, 10, 19, 20].


[image: ]
Figure 1 GM estimated results for Ashqelon in 2012.

Weibull parameters can be estimated using the GM of every year presented the figure above. The first step is to plot the natural logarithm of the observed speed versus ln(-ln(1-F(υ)). Then, we find the Weibull parameters by linearly fitting the plotted points; here,  is the slope of the fitted line, and  is equal to where b is the y-intercept of the fitted line.

Where,

as x axis versus
										
where
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