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Abstract 

Considering the environmental problems which are associated with consumption of 

fossil fuels on one side, and availability of proper wind regions in Iran on the other side, wind 

appears to be an appropriate renewable resource to supply power in Iran. In the current work, 

the economic feasibility of installing a wind turbine to supply power to an industrial 

consumer is studied. For this purpose, the wind energy potential at the wind regime of the 

city of Zabol, Sistan and Balouchestan province, was chosen to be assessed by deploying 

wind speed data for a period of one year. The Normal parameters of the wind speed 

distribution function were estimated by employing the maximum likelihood approach. The 

estimated Net Present Value (NPV) by this work approves that Zabol would be a suitable 

region to install wind power stations. 
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1. Introduction 

 Electrical energy supply market is a competitive market in which the productions of 

electricity from wind is more advantageous than traditional fossil fuel power plants. Wind 

power plants can generate power without any fuel costs which is an unstable variable for 

fossil fuel power plants. Considering that stable economic growth of a country depends on 

stable supply of energy, any instability in energy costs or supply negatively impacts the 

country. Meanwhile, many developing countries do not have national power grids which 

necessitates independent local power generation from sources such as wind for any particular 

region.   

 Another deficiency of fossil fuels is their negative environmental problems such as air 

and water pollution. It is estimated that 21.3 kg of carbon and 657 kg of different carbon 
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oxides are released for each megawatt hour of power generated from oil. The numbers reduce 

to 6.7kg and 447 kg for natural gas respectively [1].  

From an economical perspective, Iran has many windy regions with favorable current 

direction which not only can provide the electricity for a given region but also can charge the 

excess generated power to the national grid [2]. Also, generating power from wind instead of 

oil is a safeguard for oil products and can increases the chances of the country for exporting 

oil or petrochemical products which is an added-value trade.  

Because of the convenient developments is deploying wind, this energy appears to be a 

significant competitor for other power resources. Some advantages of wing energy over other 

resources are:  

 Improved technology which reduced the manufacturing costs 

 Lower design costs due to improved standards  

 Lower depreciation because of the lack of a burning fuel  

 High quality wind turbine components which decreased operational and maintenance 

(O&M) costs  

 No environmental pollution  

 The possibility of constructing a plant in remote areas  

 Abundant energy source  

Installation and operation of first wind turbines in Iran started in 1994. The current power 

generation from wind is 100 MW while because of the geographic condition of Iran, this 

capacity can increase tremendously.  

In the current paper, the potential for wind turbine utilization in the city of Zabol is studied 

and its economic analysis and evaluation are addressed. Zabol is a city in windy region of 

southeastern Iran with appropriate mean wind speed [3]. Figure 1 shows the mean wind velocity at 

height of 80 meters in Iran [4]. As it is evident from the figure, Zabol is among good wind areas with 

an average wind speed of 6.8-8.3 m/s.  
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Fig. 1. Mean Wind Velocity at Height of 80 Meter in Iran 

2. Distribution Function for Wind Speed 

A fundamental to develop a wind project is to analyze the wind regime at the 

prospective site. This analysis should include the cost of power generation which depends on 

wind resources in that particular site [5]. The wind resources in a site are critically influenced 

by the wind speed due to the existence of a cubic relationship between the wind speed and the 

wind power. As a result, a small increase in wind speed can considerably increase the 

generated power. Accordingly, the average wind speed of the studied wind regime is an 

important parameter in assessing the site’s wind energy potential. But the average speed over 

a given period of time can only give a preliminary idea about the wind energy potential and 

that idea must be completed with a description of the regime’s wind speed distribution [6]. 

During the last 50 years, many distributions functions have been suggested to describe the 

wind speed distribution including: Pearson, Chi-Square, Weibull, Rayleigh and, Johnson 

functions. In addition, many non-normal distributions such as log normal, inverse Gaussian, 

squares normal are used to represent wind speed. However, Weibull distribution is the most 

commonly used in the wind literature [7].In this study the normal distribution is applied to 

model the wind speed. 

The normal distribution is the most widely used distribution. Because the normal distribution 

approximates many natural phenomena, it has developed into a standard of reference for 

many probability problems. Some Characteristics of the Normal distribution are as follows 

[8]: 

 Symmetric, bell shaped  

Zabol 
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 Continuous for all values of X between -∞ and ∞ so that each conceivable interval of 

real numbers has a probability other than zero.  

 -∞ ≤ X ≤ ∞  

 Two parameters, μ and σ. Note that the normal distribution is actually a family of 

distributions, since μ and σ determine the shape of the distribution.  

 The rule for a normal density function is: 
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 The notation N(μ, σ
2
) means normally distributed with mean μ and variance σ

2
. If we 

say X ∼N(μ, σ
2
) we mean that X is distributed N(μ, σ

2
).  

 About 2/3 of all cases fall within one standard deviation of the mean, that is: 

P(μ - σ ≤ X ≤ μ + σ) = 0.6826                                              (2) 

 About 95% of cases lie within 2 standard deviations of the mean, that is: 

P(μ - 2σ ≤ X ≤ μ + 2σ) =0 .9544                           (3) 

 

Fig. 2 shows a normal distribution. 

 

Normal Distribution
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The Normal Distribution has 2 parameters, i.e., the mean and the standard deviation. The 

mean deviation represents the central point of the distribution, while the standard deviation 

describes the width of the distribution. The higher the standard deviation the wider the 

normal curve will be. 

In this study, to present a model of wind speed, wind speed information recorded in Zabol 

Meteorology station has been deployed. The information of wind speed and direction during 

the past 20 years has been received from meteorology station. This data is employed to derive 

wind directions in the area. This information expresses daily maximum speed of wind in this 

city (Hourly mean speed of wind was not available).  

Behaviour of wind speed was studies on daily, monthly, quarterly and bi-quarterly basis 

during the past 20 years. The wind data was analysed for two half years by SPSS statistical 

software. Data analysis shows that behaviour of wind speed in the first six-months of the year 

is approximately similar every year. To have precise result, Kolmogorov Smirnov test [9] is 

applied on three different distribution including: Poisson, Exponential and Normal. As the 

nearest distribution function to the information is the normal function, this distribution is 

selected as the function for this case study. Fig. 3 and Fig. 4 show analysis results and the 

best estimated function for the first and second six months, respectively. 
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Fig.	3.	One‐Sample	Kolmogorov‐Smirnov	Test	Result	for:	(a)Normal,	(b)Poisson,	(c)Exponential	
Distribution,	and	(d)the	Best	Estimated	Normal	Function,	for	the	first	Six‐Month	
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Fig.	4.	One‐Sample	Kolmogorov‐Smirnov	Test	Result	for:	(a)Normal,	(b)Poisson,	(c)Exponential	
Distribution,	and	(d)the	Best	Estimated	Normal	Function,	for	the	Second	Six‐Month		

The following normal distribution function is utilized to model the data for the first and 

second half-year periods:  

 

(4) 

 

3. Empirical Results 

3.1. Power Characteristics of the Turbine 

Apart from the wind speed probability distribution at the studied site, the power 

characteristics of the turbine is also required to estimate the electrical energy which is 

generated by a wind turbine. The total generated energy can be calculated by summing up the 

generated energy corresponding to all possible wind speeds blowing in the site at which the 

turbine can operate [7]. 

In this study, a V90 turbine which is manufactured by Vestas Co. was selected. This turbine 

is optispeed type which results in higher yield. Turbine characteristics are presented in table1.  
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Table 1. Vestas V90 Wind Turbine Characteristics 

Generator Operational Data 

Type: Asynchronous with 

optispeed 

Cut-in wind speed: 4 m/s  

Rated output: 3000 kW  Nominal wind speed: 15 m/s  

50 Hz, 1000 V  Cut-out wind speed: 25 m/s  

 

3.2. Estimation of Output Power 

Fig. 5 shows the relation between mean power output of wind turbine and values of wind 

speed [10,11]. 

 

 

Fig. 5. Wind Turbine Power Output Curve 

In the fig. 5, Vci,Vr,Vco are cut-in, rated and cut-out voltages and Pr is the rated power which 

are specifications of the turbine. In this graph, from Vci to nominal value of wind speed, Vr, 

output power increases from zero to rated power, Pr, on a linear basis. Between Vr and Vco, 

the output of turbine is constant. In value less than Vci and more than Vco power output of 

turbine is zero. Power output function of turbine is as follows: 
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In this model, turbulences and dynamic characters of turbine were not considered due to 

assuming stable conditions. Of course, considering the above factors will affect the power 

output curve of the turbine. Also, output power of turbine is a function of air density, pressure 
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and temperature. Because of their minimal effect, these parameters are not included in the 

model as well.  

Considering the multi-rule function of turbine power output, probability function was 

computed as follows: 

In the wind regime of V>Vco and /or 0<V<Vci, the turbine output is zero. The probability of 

the wind regime to be in this region is:  

P=P(0<V<Vci)+P(V>Vco)     (6) 

In the wind speeds ofVci<V<Vr, the turbine output is a linear equation according with respect 

to wind speed. Considering that wind speed is a normal distribution with linear equation, 

probability of power output will be a normal distribution with a special M and δ as follows:  
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whenVr<V<Vco, the turbine output is constant and is equal to Pr. The probability of such a 

state was obtained from total probability of wind speed in this interval and the probability of 

turbine output from 90%Pr to 100%Pr. 

Ppr=P(Vr<V<Vco)+P(%90Pr<P<%100Pr)               (8) 

Summary of probability output function of the turbine is as follows: 
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The turbine power output was computed with respect to the specifications of the selected 

turbine in the Vci<V<Vr, which is a normal distribution function, as follows:  

Fp(x)=n(x;2.35688,1.3099) 

Fp(x)=n(x;1.11864,1.29443)             (10) 

A wind power plant in a grid can be considered as a conventional power plant which has 

several outputs. In such a case, each output holds its particular occurrence probability which 

can be obtained with respect to probability function of the turbine output. In this study output 

of power plant divided into 10 parts and obtained results are presented in table 2. 
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Table 2. The Model of Wind Farm in Sistan Zone in the First and Second half of a Year 

Probability	in	the	second	six	monthsProbability	in	the	first	six	months	Output	Power	

0.1503	0.0375  0	

0.0694	0.0215	%10Pr	

0.08030.0319%20Pr	

0.09180.0434%30Pr	

0.08750.0559%40Pr  

0.09020.0684%50Pr	

0.0844	0.0794	%60Pr	

0.0749	0.0875	%70Pr	

0.0631	0.0873	%80Pr	

0.0523	0.0906	%90Pr	

0.1112	0.3923	Pr	

	

3.3. Economic Evaluation of the Proposed Project 

Considering Zabol’s potential for wind power generation, an economic analysis is 

performed to determine whether generating electricity through wind will be an economically 

feasible project or not. More precisely, the energy user (customer) in the context of this 

analysis is assumed to be: an energy intensive industry, operating in or near by the studied 

site (Zabol) which is connected to a medium voltage power service. The industry is receiving 

electricity from the local electrical company andit is considers producing part of its electricity 

demand through a self installment of a 3 Mw wind turbine. 

General methods of economic evaluation of projects like this includes PP, PPR, ARR, NPV, 

PI, IRR. Given that wind project is a capital intensive long time project, the economic 

viability has to be determined using indicators that take into account the time value of money 

[12]. For this purpose, a capital budgeting framework that employs the NPV and the IRR 

project evaluation methods was adopted. This framework is suitable to evaluate investment in 

new technology such as projects in wind energy [13]. 

The following equation demonstrates how a project’s NPV is calculated: 

  (11) 

CFtdenotes the net cash flows occurring during the lifetime of the investment. It is the 

difference between cash inflows and cash outflows. The cash outflows represent the 

operation and maintenance costs of the wind turbine. The component of this cost are the 

regular maintenance cost, repair, insurance, administration and the spare parts costs. Based on 

what has been experienced in a number of countries these costs were estimated to stand at 
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nearly 1.2 to 1.5 c€ /kW of produced wind power [14].In the present analysis, the maximum 

rate of 1.5 c€ /kW is chosen. On the other hand, the cash inflows in this analysis represent the 

savings that can be realized after installing the wind turbine. 

By installing a wind turbine, user can generate the required power for its activities and hence 

reduce its electric bill. The amount of money saved is based on the annual energy that can be 

generated and the electricity rate charged by the utility on this electricity customer. The 

annual generated energy is calculated in table3 and table 4 for the first and second six month 

periods of the year respectively. It is estimated that 14.38 million kWh of power is generated 

each year while the price is considered to be 4 c€ /kWh [15]. 

It is to be mentioned that neither the cost of removing the turbine at the end of its lifetime nor 

the revenue that could be earned from selling it (its residual value) is considered in the cash 

flows of the last year of the turbine operation. 

In equation 11, I denotes that the initial outlay of this analysis is the capital cost of a wind 

turbine. This cost can be divided into [14]: turbine (68%-84%), foundation (1%-9%), electric 

installation (1%-9%), grid connection (2%-10%), consultancy (1%-3%), land (1%-5%), 

financial costs (1%-5%), road construction (1%-5%). The cost per kW typically varies from 

around 1000 €/kW to 1350 €/kW, however, it is typically more than 600€ in Iran. In this 

study, the cost per kW is assumed to be 1350 €/kW [14]. 

i:denotes the discount rate used to compute the present value of the net cash flows occurring 

over the life time of the wind turbine (typically 20 years) is assumed in the base analysis of 

the NPV calculations to be 8%. The discount rate applied in similar studies assessing the 

viability of wind energy projects is usually lying within an interval of 5% to 10% [16]. 

The base case assumptions are summarized as: 

Wind project lifetime:   20 years 

Wind turbine rated power:   3MW 

Wind turbine capital cost:   1350€/kW 

Operations and Maintenance cost:  1.5 c€ /kW 

Discount rate:     8% 

Annual electricity generated:   14373 MWh 

Applied electricity price:   4 c€ /kWh 

Under these base case assumptions, the Net Present Value (NPV) of the project was 

calculated and it was equal to: 

NPV= 3526538.8€ 
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The decision rule in the NPV technique is to reject a project with a negative NPV since it 

means that the present value of the cash outflows exceeds the present value of the cash 

inflows. A project would be accepted if its NPV is positive. Unless the acceptable value of 

NPV was achieved in this case study, the alteration of negative NPV is possible by several 

ways such as changing the discount rate and escalating the electricity tariff [16]. 

 

Table 3. Delivered Energy at each Wind Speed in the First Six Month Period of the Year 

Pout (Mw) Probability Velocity (M/S) Hrs/Yr at wind speed Energy(Mwh) 

0 0.0375 0≤v<4 or 
  v≥25 

74.4 0 

0.3 0.0215 4≤v<5.1 279.6 83.88 

0.6 0.0319 5.1≤v<6.2 135.6 81.36 

0.9 0.0434 6.2≤v<7.3 168 151.2 

1.2 0.0559 7.3≤v<8.4 163.2 195.84 

1.5 0.0684 8.4≤v<9.5 217.2 325.8 

1.8 0.0794 9.5≤v<10.6 382.8 689.04 

2.1 0.0875 10.6≤v<11.7 172.8 362.88 

2.4 0.0873 11.7≤v<12.8 462 1108.8 

2.7 0.0906 12.8≤v<13.9 394.8 1065.96 

3 0.3923 13.9≤v<15 or 
  15≤v<25 

1874.4 5623.2 

Total Electrical Supply 9687.96 
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Table	4.	Delivered	Energy	at	each	Wind	Speed	in	the	Second	Six	Month	Period	of	the	Year	

	
4. Conclusion 

This paper presents an evaluation to assess the possibility of installing a wind turbine 

for an intensive industrial energy consumer which is operating in Zabol (Sistan and 

Baluchestan province, Iran). The consumer is interested in auto-generating a part of his 

electricity demand from the wind resources available at the given location. In order to answer 

whether installing a wind turbine will be a worthwhile investment or not, the wind resource 

of this site has been assessed with suitable wind speed function. The results of the 

econometric estimation, and obtained NPV (about 3526538.8€), have indicated that Zabol is 

a suitable place to install a wind power station. Although an achieved NPV is positive, some 

solutions are proposed to improve possible negative NPV. 
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