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ABSTRACT 
Demand for renewable energy in electric power systems is 

growing as fast. Reasons, including the desire of countries to 

increase production capacity of wind power are the great 

advantages of this method production of electrical energy. 

Because wind energy is many, renewable and clean. 

The high penetration of renewable energy can reduce fuel costs, 

but can affect the electrical system reliability. Using 

probabilistic methods, and estimates can be combined to achieve 

high reliability in the electrical system is combined with new 

energy.  

In this article, the reliability of power delivery is calculated and 

reduced network load caused a definite increase  in the 

dispersion of wind power plants has been studied using Monte 

Carlo simulation method. 

In this paper, collect data on wind speed of wind sites in  

Binalood and Manjil areas in Iran have a minute, and over the 

years have been doing. Simulations based on Monte Carlo 

method and frequency, and is performed using softwares Matlab 

and Excel. And reliability indices and algorithms based on the 

calculated reliability indices LOLE and LOEE are performed. 

 

Keywords  
Wind turbine, Reliability, Dispersion, Monte Carlo, Renewable 

Energy. 

 

1. INTRODUCTION 
In this paper, the small wind turbo generators are compared with 

diesel generators. 

Cost and benefit analysis should be done carefully in order to 

install the appropriate resources. Installation of renewable-

energy sources can enhance the system capacity and reduce fuel 

costs [12]. Techniques require reliable information on weather 

conditions, storage, load profiles, system generation and 

auxiliary systems.  

 

This paper examines the effect of scattering in the wind power 

plants will increase system reliability [10]. 

Different parts of the paper are organized as follows. The 

concept of a safe and reliable production system is presented in 

section 2. Section 3 shows the properties of air which are used 

in the study. Section 4 explains how the model can produce 

wind turbines. Obtained results using wind turbines are 

presented in section 5.  Used load profiles in the experiments are 

shown in section 6. Section 7 shows the types of dispersed wind 

models that are used in this study.    

In the presented method, the number of wind turbines 

considering   for wind power plants with wind-climate regions is 

optimized.  

Information on wind speed of the region in Binalood and Manjil 

in Iran is used. Applications and measures wind speed over the 

years has been used for a minute. As well as computational 

simulations based on Monte Carlo simulations have been 

performed. 

 

2. THE CONCEPT OF A SAFE AND 

UNSAFE ELECTRIC SYSTEM 
When the system is in a good condition, it means that the 

amount of renewable energy is needed once more. That means 

half of the area of renewable energy is less than the amount of 

loads, it needed help, and storage systems may have to recover 

needed load. Furthermore when the system is at risk meant that 

the amount of wind-power generation and auxiliary systems 

required response load are not spheres. Different modes are 

shown in Figure 1 [1], [8]. 

The following factors are used to calculate the adequacy of wind 

systems: 

 The local weather conditions and wind. 

 The generation of windy system. 

 The generation of other auxiliary systems 

 The requested load demand 

These factors will explain in details in the next parts of article. 

 

 
Fig 1:  A variety of possible conditions for a generation 

system 

 

3. SURVEY CLIMATE ZONES 
Figure 2 and Figure 3 show the average annual change in wind 

during the day in Binalood and Manjil wind areas. It can be seen 

that between 11 o’clock to 21 o’clock the wind speed is higher 

than others. Resulting in wind power production in hours will be 

mentioned further.  
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Fig 2: Average annual change in the wind during the day as 

Manjil 

 

   

 
 

Fig 3:  Average annual change in the wind during the day as 

Binalood 

 

Probability distributions of wind speeds for different hours are 

drawn from these charts. It should be noted that for the wind 

speeds which are less than 6 m/sec the probability is moderated. 

Furthermore, for wind speeds between 6 m/sec to 15 m/sec the 

probability is high, and for higher wind speeds than 15 m/sec the 

probability the least likely event during the year. 

 

 
 

Fig 4: Percent chance of wind at different speeds as the 

Annual Manjil area 

 
 

Fig 5: Percent chance of wind at different speeds as the 

Annual Binalood area 

 

4. WIND TURBINE MODELING 
In this paper, the amounts of wind turbines’ generations are 

calculated as follows: 

                              

 

                  

      (1) 

 

 

 

where tSW , rP , ciV , rV  and coV  include wind speed, 

maximum power generation, wind cut input speed, wind rated 

speed and wind cut output speed respectively. The constants A, 

B and C are related to above through the following equations 

can be calculated as follows: 
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Figure 6 shows the relationship between Pr, Vci, Vr and Vco 

chart diagram which is called as Power Curve (diagrams power - 

speed). 

 
Fig 6: Changes output power to wind speed in wind 

generator 

 

5. CALCULATION RESULTS 
Relationships with the sector 3-3 for wind power production in 

Manjil and Binalood chart average annual Day of the figures (7) 

and (8) and 660 kW turbines can produce different values in the 

areas listed in Figure (9) and (10) is shown. In the diagram (7) 

and (8) vertical axis represents the average probability of 
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producing a maximum production capacity of 660 kW turbines 

is the horizontal axis represents time, and the day is over. It can 

be seen in the afternoon the wind turbines produce 11 to 22 is 

the maximum wind speed is high. 

 

Fig 7:  Average 660kw turbines produce power during the 

day in Manjil 

 

Fig 8:  Average 660kw turbines produce power during the 

day in Binalood 

 

In Figure 9 and 10 percent probability of producing wind 

turbines based on their respective power output is displayed. As 

can be seen in both the wind power production to zero, 

respectively, of between 50kW to 250kW and above 660kW 

have the highest risk. 

 
Fig 9:  Percent chance of producing turbines in Manjil 

 

 
 

Fig 10:  percent chance of producing wind turbine in 

Binalood 

 

6. LOAD PROFILES USED IN THE 

EXPERIMENTS 
Precision measurements at a load during the year have been 

made. Weekly basis in the figure (11), the annual basis in the 

figure (12) and the load continues curve as in the one year in 

figure (13) is shown. 

 

The results of the figure 11 is found to be the minimum amount 

of hourly load is in the night clocks. And days of week in 

holiday and weekend day due to the closure of many factories 

and offices may be less. 

 

 
Fig 11:  Example of  load changes in during a week 

 

In figure 12 minutes of the load demand during the year as is 

customary. As can be seen in some seasons the average load for 

reasons including the need to reduce heating and cooling 

systems, changes in day length, cultural issues in different 

geographical regions and different countries to reduce or 

increase.  
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Fig 12: Load changes in during a year 

 

Figure 13 shows the total one year time in horizontal axis and 

vertical axis are the percentage of  load demand. As can be seen 

at least 40% loads always in demand is constant and close to 

100% loads is the minimum length of time are allocated to 

demand. 

 

  

Fig 13: The load continuation curve 

 

 

 

 

 

 

 

7. SHOW THE TYPES OF DISPERSED 

WIND MODELS USED IN THIS STUDY 
Profile of wind areas that have been added to the system 

include:  

The first model - one wind region with a capacity of 100 MW 

The second model - two wind region with a capacity of 50 MW 

The third model - three wind region with a capacity of 33 MW 

The fourth model - four wind region with a capacity of 25 MW 

Computer program was written so that if a certain period of time 

(LOLE) and the amount of energy not supplied to the load 

(LOEE) limit of 10% and 420 MWh/yr generates a new wind 

capacity added to the system and test again is repeated, resulting 

in a new value for the total system capacity is achieved. 

Simulations have been conducted according to the following 

assumptions: 

1 - Capacity of a wind turbine have been considered is 1 MW. 

2 - Probability force out of rate the capacity of each wind 

turbine (FOR) is equal to 0.04. 

Blocks of different modes of dispersion used in this study in 

figure 14 is drawn.  
 

8. CALCULATION THE RELIABILITY 

INDICES LOLE AND LOEE 
Reliability has been calculated in detail in this section. 

 

8.1 Monte Carlo Simulation Method 

As we the reliability wind power output units are associated 

with changes in wind and FOR but diesel power output only 

associated with FOR. Hence, the probability of exit capacity 

(copt) The power must be achieved using Monte Carlo methods 

for index, then it must be considered. Monte Carlo simulation of 

that work are as follows: 

Using information about song damage λ and song repair μ each 

unit, units status for one year is determined.  

i/)(- ULnTTFi                                      (5)         

 i/)(- ULnTTRi                                     (6) 

iTTF : Long waiting time for unit i is a failure.  

iTTR : Long waiting time for unit i is repaired.  

U : Uniform random number between zero to one  
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Fig 14:  View dispersion models used in the study (one, two, three and four regional) 

 

Beginning in the simulation all units is active. Producing uniform 

random number will be determined by iTTF  units, passed with 

the time unit is removed from the circuit. To determine the 

expected repair time production iTTR  random number will be 

determined by that time passed with this unit is back on the 

circuit. The process according to figure 15 where the unit status 

during the year (8760 hours) simulation will be continued.  

 

 
Fig 15:  Status modeling unit i during the year 

 

8.2 Calculation of a Definite Amount of Time 

and Energy not Supplied to the Load 
Indicators used in this study are as follows. 

 LOLE: Loss of Load Expectation (hrs / year)  

 LOEE: Loss of Energy Expectation (MWh / year)  

 

In this part of the program by visiting the load sub-models and 

capacity plans (previously marked) and using a series of uniform 

random numbers that are written in a minor amount of LOLE 

values decisive occurred the percentage, in units (hour/year) and 

(day/year) and LOEE calculated in terms of energy lost as a result 

of the number is distinct and printed.  

 

Program general principles of the figure 16 this is the time for a 

move that represents the maximum amount of load hours in a day 

or a year (depending on what day load curve of day or load 

continuation curve is used). If we use the continuity of the curve 

should be through out the possibility of generating capacity, we 

calculate the reliability indices. In a method that we will use this 

article was using daily load curve that by using time daily load 

changes curve and determining the amount of production by 

accident by using the algorithm and presented in this section of 

the index of the ability to calculate that we will.  

 

In other words, with generating random numbers and map them 

out on the productive capacity probability a variable that 

represents the capacity available on that day or hour (for the 

maximum load) is achieved. When comparing these two values 

obtained (load and capacity) if the amount is less than the load 

capacity is determined by a lack of load to be otherwise at this 

stage (days or hours), lack of time will not. 

 

Fig 16: View load changes and electric energy production 

 

This cycle is repeated many times and the average loss, lack of 

energy and calculate the exact number in a year index LOEE and 

LOLE values are obtained. Different stages of the program are 

stated in section 8.3. 

Model 4: Four distinct windy regions with 25 kW 

each region capacity and a 100 kW total of wind 

production capacity 

33 WTG 

33 WTG 

33 WTG 

Model 3: Three distinct windy regions with 33 kW 

each region capacity and a 100 kW total of wind 

production capacity 

100 WTG 

Model 1: One windy region with 100 kW total of 

wind production capacity 

 

50 WTG 

50 WTG 

Model 2: Two distinct windy regions with 50 kW 

each region capacity and a 100 kW total of wind 
production capacity 

 

25 WTG 

25 WTG 

25 WTG 

25 WTG 

Load 

Load 

Load 

Load 
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8.3 Algorithm Simulation 
Simulation algorithm in Figure (17) is drawn. The algorithm 

measures the reliability of wind power plants (LOEE, LOLE) is 

calculated in terms of network connectivity. 

The algorithm variables are defined as follows: 

n: Number of repeat tests 

NUMSIM: number of years of repeated testing  

LOLE: loss of load expectation (hrs/year) 

LOEE: loss of energy expectation (MWh/year) 

h: Time of year (hr) 

L: Load  proportional to the time (watt) 

D: Diesel production capacity (watt)   

B: Capacity of wind (watt) 

P: A moment of total production capacity of diesel and wind 

(watt) 

Different stages of the simulation algorithm are as follows:  

Step 1 

A - Specifies the number of repeated simulations 

B – Reception information of load in during a year 

C - Get the power generation capacity and diesel units FOR 

D – Get information of wind speed areas, the number of turbines 

and wind turbine production capacity in each region.  

Step 2 

A – Mapping hour on the load requested curve 

B - Generate a random number for the mapping of wind curve on 

the annual wind speed with using Monte Carlo simulation  

C - Mapping the random number on the annual production of the 

wind and find the moment wind turbine generating  

D - Generate a random number for mapping onto the diesel unit 

generate with using Monte Carlo simulation  

E - Mapping the random number on the characteristic diesel 

generating units and find the moment generating units of diesel  

F- The calculation of wind power production units 

G -Calculate the total of wind and diesel power units 

Step 3 

Compared the total amount of load required to be total electric 

produced 

Step 4 

In case of shortage, calculate reliability indices of LOLE and 

LOEE 

Step 5 

Continue steps 2 to 4 to complete year 

Step 6 

Repeat steps 2 to 5 in order to increase the accuracy of the 

experiment and then averaging the results  

In addition to the above characteristics have been drawn to the 

following algorithm can also be noted. 

1 - This algorithm is implemented for all areas simultaneously. 

2 - The total production capacity of wind turbines power should 

be considered in all areas. 

3 - Likely out of the capacity of individual turbines and repair 

time, while the simulation is considered. 

4 - In order to increase accuracy and to minimize the deviation of 

the experimental results, the whole process to simulate the high 

frequency of about four million times by high speed computers 

has been done, and then average the results have been taken. 

Flow chart of the program in figure 17 is shown. 

 

9. RESULTS OF THE RELIABILITY OF 

WIND POWER STATIONS COMPUTING 

IN VARIOUS MODELS OF DISTRIBUTED 
One of the important points in the increasing capability wind 

power plants that is distribution of development in many 

geographical regions that this is because of fluctuations closer to 

producing electrical energy amount to an average, will increase 

the capacity confidence in the system. 

In this study we aim to fix the LOLE values below 10% and 

LOEE values below 420 (MWh/yr) and find out how much 

production is needed in each of the models. As shown in Figure 

18 we see to achieve these levels of reliability through the 

algorithms and methods are presented in Section 8 in models 1, 2, 

3 and 4 of the wind in order to install 600MW, 550MW, 350MW 

and 250MW is done. 

The study results can be seen wind capacity needed for a system 

4 regional to reach the ability to make sure ideal almost a third a 

regional system. In other words if two wind production system to 

consider as total capacity of wind have been installed in each of 

the two systems have been times but the number of areas they are 

not equal in this case capacity system that every one of the 

regions with the wind capacity system units smaller than the 

other, a reliability will be better. 

As the results are calculated and figures is shown with several 

part of wind turbine areas of wind production an economy in the 

total number of the turbines needed can be achieved. 

 
 

Fig 18:  Results of calculations of wind capacity needed to 

achieve LOLE below 10% and LOEE below 420 (MWh/yr) in 

areas of wind 1, 2, 3 and 4 regional 
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Fig 17:  Flowchart of simulation program for calculate reliability indices LOLE and LOEE 

 

 

 

 

Step 2 

Step 3 

Step 1 

Start 

Calculate the Annual Wind 

Production 

n=0 

LOLE=0 

LOEE=0 
 

 

h=0 

 

h=h+1 

 

NUMSIM: Get the Number of Simulated 

Get Profile Annually Load 

Get Diesel Production Capacity 

Get the Annual Wind Speed in Regions 

L: Synchronous With Time, Calculated the Load 

Mapping the Random 

Number on the Diesel 

Production=D 

Mapping the Random 

Number on the Wind 

Production=B 

 

Produce Random 

Number=U 

Produce Random 

Number=U 

 

P=D+B 

A 

IF L<P 

YES 

NO 

Step 6 

Step 5 

Step 4 

A 

L- P= LOEE1 

 

LOLE= LOLE+ 1 

LOEE= LOEE+ LOEE1 

 

IF h<8760 

n=n+1 

IF n<NUMSIM 

 

End 

LOLE= LOLE/ NUMSIM 
LOEE= LOEE/ NUMSIM 

 

YES 

YES 

NO 

NO 
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10. CONCLUSIONS 
This paper examines ways to increase contributed wind power 

plants to the national network by increasing the dispersion of 

wind systems using algorithms and Monte-Carlo simulation 

method for calculating wind paid to main grid systems. 

Computing the reliability indices LOLE and LOEE indicators 

were specifically included. And the effect of wind plant on the 

distribution system reliability indices were noted. 

Part of the various stages of the articles included: first to 

receive information wind annually, the annual demand for 

network and normal annual production network in near Manjil 

and Binalood wind areas we dealt with Iran, then by using the 

calculation has been mentioned in the  section 3 can be 

calculated according to the wind turbines production based on 

the amount of wind speed discussed and then using the 

algorithm presented in Section 8, and considering the 

possibility of failure and the time needed to return power to the 

circuit to help calculate the amount of plant antibodies to the 

network to reduce the number of times and definitely not 

providing the energy needed for the exchange of four types of 

wind models a year paid.  

Important indicators of wind turbines that were effective in this 

study were: 1 - The maximum turbine power production (Pr), 2 

- Wind cut input speed (VCut In), 3 - Wind Rated Speed (VRated 

Speed), 4 - Wind cut output speed (VCut Out) 

Some of the results of this study can be summarized as follows: 

1 - Wind capacity reduction needed to be installed in the in 

scattered wind areas, simply to see half of the amount of the 

need for the wind turbines in regional 4 model. 

2 - Increase the reliability rate of nearly 3 times only with 

increase the number of wind areas to 4 number and keeping 

constant the number of wind turbines 

3 - To explore potential wind areas for wind power plants 

4 - Offering algorithms and methods for calculation of 

reliability indices presented in this paper were the LOLE and 

LOEE 

5 - Increase the reliability of electrical systems in combination 

with renewable energy with a fixed total number of wind 

turbines 

6 - And also a number of reasons can reduce or increase the 

production systems that are related to the parameters evaluated 

in this study to detect. 

In other words with method has been presented in this article 

we can instead of increasing the number of wind turbines and 

increasing the costs for buying and installing wind turbines by 

choosing the building place and setting the proper in installing 

wind turbines with regard to the status of atmospheric wind 

areas, choose a place for optimal geography, economy in the 

number of turbines and consequently increase system electric 

capacity We have confidence. 
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