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ABSTRACT: The use of renewable energy in different parts of the world is increasing in recent years, therefore, 

understanding the way and how to use these energies is very important. Today, the use of climate and productive 

energies has attracted more researchers. The purpose of this research is to determine the potential of the wind turbine 
power plant and mapping in guilan province based on fuzzy logic and AHP. In this research, wind direction and speed 

data of 4 synoptic stations of guilan province were provided to assess the potential, mapping and determine the 

establishment of a wind turbine plant in guilan province for sustainable development using fuzzy logic in a statistical 
period for each synoptic station since its establishment until 2014. In this systemic model, the monthly and seasonal 

wind speed were scored using the fuzzy method and WindRose Plot and SabaWind software were used to determine the 

wind direction. Wind speed mapping map was drawn to establish a wind turbine plant with scores obtained for each of 

the stations using the GIS. The findings of the research show that fuzzy logic method showed a large variation to 

establish wind turbine power plants using wind speed and wind direction. In total, the Manjil station with the highest 

windy with the score of 29.29 were ranked first in the construction of wind turbines after obtaining the final rating each 
of the 4 stations in guilan province to build a high-confidence wind power plant and other stations are the next priorities 

in the province of Gilan for the establishment of the turbine plant with the scores (Bandar Anzali: 22.79, Astara: 20.37 

and Rasht: 17.91). guilan province is suitable for establishing a turbine plant, because of the potential and windy 
favorable conditions to use it to meet the needs of various energies, including the electricity of the area. Therefore, it is 

necessary to take steady steps in order to develop this important industry.  
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Energy is one of the most important factors in the 

progress and development of human communities. 

Among various turbine- wind generators structures, 

wind turbine by doubly-fed induction generators are 

one of the highly accepted structures in the industry. 

Wind energy is one of the most accessible renewable 

energies, high precision wind prediction will be 

effective in developing this energy. The wind turbine 

is a device that converts wind energy into electrical 

energy. This is achieved by blades attached to a hub 

and they turn in response to aerodynamic forces on 

turbine blades (Pirkandy et al., 2014). Daniel and Ian 

(2017) explored the impact of climate change on 

upstream costs of the wind energy and found that 

generally increased the year-on-year variations in 

climate. Yan-chonli et al. (2017) developed a CFD 

analysis tool for marine floating wind turbines and 

found that CFD modeling makes possible a 

quantitative analysis of wind turbine flow field, the 

distribution of pressure along the blades and their 

effect on the aerodynamics of the wind turbine and 

the hydrodynamic of the floating structure. Other 

researchers have also done research on wind turbines, 

including (Aidin et al., 2010; Lee et al., 2010; Salis 

and Wikute, 2011; Debnt, 2013; Hadi, 2013; Visacro 

and Selyurria, 2014; Hey et al., 2014; Delmand, 

2014; Filber and Stogljohner, 2014; Chandel et al. , 

2014; Imani, 2015; Visacro and Solvia, 2015; Semida 

and Skelea; 2015; Semida and Skelea; 2016; Ayodel 

and Oguinjoojib; 2016; Zongpang et al., 2016; Wang 

et al. , 2016; Reabrairo, 2016). The present study is 

aimed at investigating and feasibility of mapping for 

a wind turbine in Gilan province based on AHP to 

develop the clean and renewable energy use in this 

region. Therefore, it is possible to carry out detailed 

studies on climate potentials for establishing the wind 

power plant in Gilan province and providing the 

necessary infrastructures in different seasons to 

provide targeted development fields for the use of 

clean energy in the study. 

 

MATERIALS AND METHOD  
Characteristics of study area: Gilan province with an 

area of about 14711 Km
2
 is located between Alborz 

Mountains and Talesh in north Iran and covers about 

0.9 percent total area of the country. This province is 

limited to the Caspian Sea from the north, from the 

east to Mazandaran province, from the west and 

northwest to Ardabil province, and from the south 

through the Alborz mountain ranges to the provinces 
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of Zanjan and Qazvin. Gilan province is between 36  
36′ 3″ to 38  27′ 7″ N latitude and 48  34′ 25″ to 50  
26′ 42″ E of the Greenwich meridian and the White 

River Tameshk, which runs between Chaboksar and 

Ramsar, separates it from Mazandaran province. The 

province of Gilan is part of the north of the country, 

which includes 5 stations. Figure1 describes the 

location of the area and the stations studied and the 

stations' characteristics and the length of the 

statistical period of the data used.  

 

 
Fig 1: Location of the study area in the world, country, and 

province  

 

we analyzed the weather statistics of 24-hour 

synoptic stations in Gilan province with 4 stations 

with the length of the relevant statistical period to 

each station since the establishment of the station 

until 2014 in order to investigate the area and the 

feasibility of mapping for the establishment of wind 

turbine in Gilan province based on fuzzy logic and 

AHP. In this study, wind direction data and wind 

speed were used.  Then, we gave specific weight for 

the wind climate parameter after obtaining climatic 

data and normalizing and removing statistical gap 

using the fuzzy logic method. Then, these data 

entered the ArcGIS environment with the position 

and coordinates of the synoptic stations to the digital 

map of the area and the databases were created and 

the climatic parameters used in the 9 classes were 

examined and fuzzy (Table 1). 

 
Table 1: Weights are given for the wind climate parameter to build 

the wind turbine (source, writers) 

 

Monthly average wind speed m/s 

2.5 Weight  

11- 13.5 1 

14-16.5 2 
17-19.5 3 

20-22.5 4 

23- 25.5 5 
26-28.5 6 

29-31.5 7 

32-34.5 8 
35-37.5 9 

 

Each fuzzy number is a convex fuzzy set: The 

convexity implies that the membership function is 

continuous as the piece and its tip is evident in the 

vicinity of the highest point or distance. Therefore, in 

order for the value of both indicators to be between 1 

and 9, a different formula is used for each one. So, for 

the standardization, the relation 1 is used. In this way, 

the suffering of changes in both indicators will be the 

same. 

 

    
        

           
                1 

 

In this equation,     represents the standardized value, 

   is the desired index value,   max the maximum 

value in the number series and   min is the lowest 

value in the numeric series (Malchowski, 2006). The 

appropriate layer for each of the parameters was 

prepared using the IDW interpolation to prepare the 

scored maps for each of the 12 months for the wind 

climate parameter, and then a weight for each layer 

was defined. Each layer was classified into several 

classes and each class was weighed according to its 

importance. Technical specifications of the 2.5 MW 

wind turbines Samen (928 AV) under the license of 

the Avantis German energy company. total turbine 

capabilities include 928AV turbines with the output 

power of 2.5 MW have been built for class IIA wind 

regime, which has a generator without a medium 

gearbox and blades with a length of 3/45 m. The 

turbine produces energy at 3 m/s and reaches to the 

maximum energy output at wind speeds above 11 m/s 

(2860 kW at 16 rpm and 95% efficiency). The energy 

output conditions are constant up to 25 m/s and it 

automatically stops to prevent damage to the turbine 

at speeds above 25 m/s. However, these turbines can 

withstand against the high pressure of possible 

storms, as well as the load on blades. Therefore, this 

turbine is a unique choice for seaside (high wind 

speed), desert, wet weather, salt and dusts and sandy 

and near exhaust fumes of diesel engines. The 

advantage of other turbines is the low hours of out of 

the orbit, maintenance costs, and the high availability 

factor and obtained benefits (Safarian Zangir and 

Zeinali, 2017). 

 

Determination of wind turbine direction: The feature 

is one of the major variables in wind climatology, the 

three hours of data harvesting is named Sinop and if 

the data are taken up to an hour, they will be called 

"Metal". In the case of precipitation, only the amount 

of precipitation is important, but in the case of wind, 

in addition to wind speed, it is important the wind 

direction, which can represent the cold, humidity and 

disease etc. The wind has two vectors and two 

components that are orbital and meridian and the 

resultant of these two forces is real winds. The orbital 

winds blow when the earth rotates around itself, and 

when it does not spin, the meridian winds blow. The 

observed winds in nature are the result of three forces 
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of pressure gradient, gravity to the center of the earth 

and the force of the Coriolis. Winds are in the 

directions from 0 to 360 degrees and a speed of 0 to 

99 not. WindRose Plot and Saba Wind soft-wares are 

the soft-ware that can obtain wind directions in the 

long, annual, monthly, daily and hourly periods. After 

obtaining the raw data from the meteorological 

station, the data must be converted to the code 28 in 

the SabaWind software.  

 

Knot*1.8/3.6         2 

 
Table 2: Character Data Sample for importing into the Saba Wind environment 

International 

station codes 

Two last 

digits of 

the year 

Month Day Hour  

Three 

empty 

characters 

Direction 

in three 

digits 

Two-digit 

wind speed 

Seven 

empty 

characters 

Total 

character 

40705 00 01 01 03 000 009 04 0000000 28 

 

Table 3: Transformations of monthly wind speed units 

 
RESULTS AND DISCUSSION 
Then, the score of each month 

was obtained for 4 stations for 

the wind direction and wind 

speed based on the stated 

equations, and then IDWs 

interpolation was used to 

interpolate all stations using 

the ArcGIS software. 

 

Investigation of lands 

suitability in Gilan province 

based on slope to establish the 

wind turbine: A digital 

elevation model (DEM) with a 

scale of 1: 250,000 was used to 

prepare the slope map of the 

province. Then, classifications 

were done according to the 

favorable and undesirable 

slope conditions to establish 

the wind turbines.  

 

Investigation of lands 

suitability in Gilan province 

based on the slope to establish the wind turbine:  
Table 4:  Final scoring on a monthly fuzzy basis 

 
 

Table 5: Final Score Seasonally Based on Fuzzy  

Station  Autumn winter spring summer 

Astara 8 23 11 4 

Bandar- Anzali 18 14 10 12 
Rasht 12 11 8 3 

Manji 18 16 24 22 

 

After elevation and slope, the slope direction is considered as an effective 

physiographic factor in wind energy utilization. In the northern hemisphere, 
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the southern slopes are warmed 

up earlier than the northern 

slopes. The most heat that the 

southern slopes get from 

sunlight is different according 

to the different seasons and the 

slope of the earth. A digital 

elevation model (DEM) was 

used in the GIS environment to 

prepare geographic direction 

maps. According to the map of 

the slope directions, the slopes 

south and southeast (SSW) and 

south and southwest (SSE) 

have suitable conditions for 

wind turbine construction. 

 

Interpolation maps based on 

scores: The windy stations 

were determined according to 

the results of the wind unit 

transformations for the stations 

as monthly in Table 4, which 

the Manjil station was ranked 

first with more than 6 months 

at speeds of more than 30 m/s, 

the mapping map is shown in 

Figure 2.  

 

Finally, the Manjil station with 

the highest wind speed with the 

score of 29.29 was ranked first 

for the construction of a wind 

turbine based on the final score 

obtained for the stations 

studied in Gilan province, and 

other stations were allocated 

the next priorities with scores 

(Bandar Anzali: 22/79, Astara: 

20/37 and Rasht: 17/91) 

(Figure 4). At Bandar Anzali 

station, wind turbine direction 

is at the first priority according 

to the prevailing wind of the 

northwest and the second 

priority the prevailing deputy 

is in the northern direction 

(Figure 5- a). In this research, 

the potential analysis and 

mapping to establish the wind 

turbine power plant in Gilan 

province based on fuzzy logic 

and AHP with a statistical 

period of stations were carried 

out by 2014 and the wind 

speed and wind direction were 

studied separately for each of 

the stations. They were 

classified into 9 classes, scored 

and weighted and the 

percentage of each of them was applied in the final map so that higher value 

ranges are more important.  

 
 

 

 

Fig 2: Zoning of the parameters affecting the establishment of a thermal solar power plant   

  
Fig 3: The wind speed distribution diagram of the stations monthly with standard deviation and 
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Fig 4: Final mapping of the effective 
parameters on the establishment of a 

thermal solar power plant 
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