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Abstract: 
An extensive parts of Iran, especially east and south-east region, have got a suitable potential in 
generating and using new energies, including wind energy. Studies show that just in 26 windy 
regions of Iran there is a potential for generating a 6500 megawatt electricity. It is something 
about 1/6 capacity of power stations in Iran. Continuous winds like Sistan 120 Days Winds and 
other local winds have made this region suitable for using wind energy. The data related to the 
average of wind speed in selected stations (Sistan and South Khorasan Province) have been 
converted from Knot scale to Kilometer per hour. Then, the classification of wind speed has been 
extracted from American Atlas and has been used for classifying the wind speed in that area. 
Examination of wind potentials in stations of Zabol, Zahedan, Khoor, Birjand, Qayen and 
Nehbandan indicated that stations of Zabol, Khoor and Nehbandan have got the highest 
continuity of wind which is suitable for generating energy. Because of the dispersion of 
population and high cost of transmitting electricity network and some limitations in generating 
electricity in future, small and low cost systems of wind have been suggested for the residential 
and agricultural region of this part of Iran.  
Keywords: Wind Energy, Electricity, Small Systems of Wind, South East of Iran.  
 
Introduction 
 
New energy has accounted for a larger share of global energy production due to rising fossil fuel 
prices in recent years. Renewability, non-pollution, ease of access, cheapness, especially for 
developing countries are some of the factors that have increased the motivation to use these 
resources. More beneficial applications of oil and gas, environmental pollution and also the 
existence of windy areas in Iran has led to the consideration of wind energy (Shirani et al., 2003). 
Climate change and air pollution are among the key drivers of energy transition worldwide. The 
adoption of renewable resources can act as a peacemaker and give stability regarding the 
damaging effects of fossil fuels challenging public health as well as the tension made between 
countries in global prices of oil and gas. Understanding the potential and capabilities to produce 
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renewable energy resources is a crucial pre-requisite for countries to utilize them and to scale up 
clean and stable sources of electricity generation (Wang, et al., 2021). The foundation for this 
research is recognition of the need for sustainable practices and development of renewable energy 
sources, and acknowledgment of the benefits that such forms of energy can have for individuals 
and communities, especially when conventional grid-supplied electricity is not available 
(Haridas, P. and Parkhe, 2018). The growing demand for food and the unstable price of fossil 
fuels has led to the search for environmentally friendly sources of energy. Energy is one of the 
largest overhead costs in the production of greenhouse crops for favorable climate control. The 
use of wind–solar renewable energy system for the control of greenhouse environments reduces 
fuel consumption and so enhances the sustainability of greenhouse production (Jesuse, et al., 
2019). In recent year, renewable energies have witnessed a great deal of importance worldwide: 
renewable power capacity doubled from 1010 GW in 2007 to 2017 GW in 2016 with installed 
wind energy capacity increasing from 95 GW to 487 GW and installed solar capacity increasing 
from 7.8 GW to 303 GW in this period (Renewable Energy Policy Network,2017). Today, In east 
of Iran is also witnessing a spread in the use of photovoltaic power systems due to the sunny 
weather conditions, but the use of wind power systems is currently rare in this region.  Wind 
energy is considered as one of the most prominent sources of energy for sustainable development. 
This technology is of interest owing to its capability to produce clean, eco-friendly, and cost-
elective energy for small-scale users and rural areas where grid power availability is insouciant. 
Wind power generation has developed rapidly in the past decade and is expected to play a vital 
role in the economic development of countries (Nazir, et. al., 2017). In this way, every country 
will have a rapid and global transition to renewable energy technologies to achieve sustainable 
growth and avoid catastrophic climate change. Renewable energy sources play a vital role in 
securing sustainable energy with lower emissions (Kumar and Majid, 2020). 

The huge coal and oil consumption of thermal power generation has further expanded Iran’s 
energy gap, and the burning of coal and oil are harmful to the environment. Assessment 10-year 
data of wind in synoptic stations of Iran shows the existence of wind power generation capacity 
in many parts of the country, especially in summer (Gandomkar, 2009). There is no doubt that 
the social and economic development of any country is directly related to the increase in energy 
consumption. The growth of energy demand in developing countries is more towards fossil fuels 
(Safari, 2001). Large areas of the country throughout Iran, such as the southeast and east, have 
the potential to use new energy sources such as the sun and wind. More beneficial applications of 
oil and gas, environmental pollution and also the existence of windy areas in Iran has led to the 
consideration of wind and solar energy. Some research do about renewable energy in Iran.  
Sadeghi et al (2012) in a study entitled "Prioritization of effective factors in locating renewable 
energy power plants (solar energy and wind energy) in Kerman province using GIS and multi-
criteria decision making techniques" to the following results Found.  Jahangiri et al., (2005) by 
examining the wind statistics of the country's synoptic stations in the statistical period of 1986-
95, concluded that except for Manjil Valley, there are potential areas such as Sardasht and 
Mahshahr in terms of wind energy production. Zahedi et al. (2005) calculated the density and 
power of wind in order to use its energy in Ardabil and concluded that at this station, 44.74% of 
the time of year, there is no wind. From all the hours of the year, 3652.5 wind turbines can 
generate energy in this station. Muhammad Shahzad Nazir, et al., (2020) assessment Comparison 
of Small-ScaleWind Energy Conversion Systems: Economic Indexes.  In the current era, the 
optimal use of wind energy has been widely researched Nazir, et al., (2017). A notable feature of 
engineering economic analysis is comparison and selection among multiple options Cho, et al., 
(2019).  The use of renewable energy in the study area can lead to the development of the local 
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economy and local businesses. Therefore, it is necessary to identify the environmental potential 
of this region to use renewable energies. 
 
Study area 
 
The study area includes the provinces of South Khorasan and Sistan and Baluchestan in the east 
of the Iran (fig1). This area is also one of the potentially windy areas of the country that has not 
received much attention. Also, the possible issue of climate change and its relationship with 
consumption and fossil fuels and the increase of greenhouse gases has given the above issue a 
global dimension. The southeast of the Iran is one of the regions in Iran that seems to have good 
potential for the development of renewable energy, so it is necessary to study the environmental 
and climatic characteristics of this region in terms of potential investment conditions in wind 
energy. 

 

 
Figure 1. The location of study area in Middle East 
 
Material and Methods  
 
In this study, in order to evaluate the wind potentials in the southeast of the country, first, long-
term statistics of meteorological stations for a period of 30 years (1982-2019) were selected and 
the average wind speed for different months was extracted (fig2). Then a database was created in 
GIS (Geographic Information System) environment for average of wind speed. Using spatial 
models, the wind speed was analysis in the study area. 
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Figure 2. Monthly frequencies of wind day in study area (1982-2019) 

 
In continue ARCGIS software was used. The data was converted into a 15 x 15 km network 

grid to using this software. The network data gridded of the stations, which have been prepared 
according to simple geometric kriging methods in GIS environment, are the basis for 
investigating the wind potential in the region.  

The interpolated wind speed information of the stations makes it possible to estimate the 
information that is important for identifying these potentials, temporal-spatial behaviors and their 
characteristics, and determines the maximum wind speed in south east of Iran.  In the simple 
kriging method. Kriging is a linear regression method for estimating point values (or spatial 
averages) at any location of a region.  It is assumed that the model is as follows: 

                         (1) 
Z(s) – µ + ε(s) 
Z(si) = the measured value for the i sample 
λi = weight or importance depending on the i sample 
s0 = forecast location 
N= Number of values measured (Séguret and Huchon, 1990). 

 
Result and discussion  
 
Iran has been common in the design and construction of windmills since 2000 BC due to the 
existence of windy areas. Studies and calculations performed in the field of estimating wind 
energy potential in Iran have shown that only in 26 regions of the country (including more than 
45 suitable sites) considering the overall efficiency of 33%, it is about 6500 MW, which is one 
sixth of the capacity of power plants. Is the country. Wind energy is one of the most important 
renewable sources in Sistan and South Khorasan. Wind speeds different from place to place at 
different times of the season, month and even day. So its power changes. The average wind speed 
increases with distance from the ground. And at any given time, its value almost doubles (from 
10 meters to 20 meters) as it rises above the ground. Places with a height of 6.5 to 8 meters above 
sea level have a good position to generate wind energy. Wind energy sources are obtained by 
obtaining information about the monthly wind speed and helping us to estimate the available 
wind power in an area. Generating electricity from renewable resources to offset electricity use or 
provide a source of power for  off-grid applications can provide savings benefits,  if the overall 
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cost to produce the electricity is less  than the cost of electricity from other sources. Self-
generated electricity can either be entirely consumed by the property owner or exported to a local 
distribution grid for credit on the property owner’s power bill under a net metering arrangement 
with an electricity distributor. Therefore, the innovation of this study identifies that suitable zones 
for the use of wind energy in agricultural and rural areas in South Khorasan and North Sistan. 
Given that many villages are far from energy transmission lines, this strategy can reduce the cost 
of energy transmission, but it does.  This information helps us to estimate the wind energy 
potential and identifies the characteristics of the best area established the wind energy system. 
Motivation to establish small wind turbine facilities in residential and non-residential areas in 
different areas is possible. It is not possible to create such facilities without financial incentives. 
Developing the use of wind energy is important in terms of environment, national security and 
the use of renewable resources. Then, using the standard of the American Energy Organization, 
wind speed was classified in terms of application in energy, and small wind system models are 
proposed. REDA divides the wind speed that occurs during the wind generation process into four 
categories: 

1. Speeds less than 8 km per hour: In these conditions, the wind machine rotates, but with these 
speeds, energy cannot be produced. 

2. Speeds of 8 to 18 kilometers per hour: Talent is suitable for wind energy and can produce 
mechanical energy. 

3. Speeds of 18 to 30 kilometers per hour: It has the best conditions for generating electricity. 
4. More than 30 kilometers per hour: These speeds are relatively harmful and in these 

conditions, it is not possible to properly use wind energy and the wind generator is turned off 
(table 1). (Energy efficiency and renewable energy, 1997; Yue and Wang, 2006; Sinclair, 2007). 
 
Table 1. Wind speed classification (American Energy Atlas, 1990) 

Type Wind potential Speed Km/h 
-1 poor 8 / 9-0 
+1 Weak 5 / 12-8 / 9 
2 Suitable range 3 / 14-5 / 12 
3 almost good 7 / 15-3 / 14 
4 Good 8 / 16-7 / 15 
5 Excellent 9 / 17-8 / 16 
6 very well 7/19 < 

 
Sistan and South Khorasan Province are located in the east of the Iran, Sistan is a flat plain 

that is located in the south of South Khorasan Province. South Khorasan province has wide 
altitudes and scattered plains. In the study area, wind energy potential has spatial and temporal 
differences due to large wind changes. Therefore, there are different possibilities for the 
development of this region in different parts of region. Investigate the possibility of determining 
the potential of these areas for wind energy based on the average wind speed and the number of 
months that the wind intensity is suitable for energy production is determined at different stations 
in these province. For this purpose, the meteorological organization wind data (Table 2) was 
converted from the knot scale to kilometers per hour scale and the wind speed classification 
extracted from the American Wind Atlas was used to classify the wind speed in the regions.  
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Table 2. Average wind speed (KM / hour) in some selected stations (Iran Meteorological Organization, 
2019) 

Station Jan Feb March Apr May Jun Jul Agu Sep Oct Nov Dec 
Wind 
speed 
average 

Nehbandan 5 6 8/4 8/7 11 15/9 22/9 20 11 6/4 4/8 4/4 10/5 
Birjand 6/8 8/3 9/4 9/6 9/3 12 14/8 12/7 9/2 7/2 6/2 6 9/4 
Qaen 5/9 8/4 9/4 9 10/18 13 17 14 9/2 6 5/5 5 9/4 
khor 12/7 15/7 16/6 17/5 20/18 21 29/2 28 21/1 14/6 12/9 10 18/3 
Ferdos 6/2 8/1 8/8 4/1 10/1 10 12 10/3 7/9 6/6 6/1 6 8/7 
Zabol 8/7 10/9 122 13/7 20/9 30 35/3 34/3 26/8 16/1 9/6 7/2 18/8 
Zahedan 12 14 16/4 13/8 12 12/7 13/2 11/4 9/5 8 8/5 9/6 12/7 

 
According to Table 3, the highest wind potential of the region in Zabol and Khor stations is 

good and has the potential for development and investment in wind energy. Nehbandan and 
Zahedan stations are almost good with 4 months of wind per year. The wind direction in most 
parts of the study area is north (fig3). 

 
Table 3. Wind potential situation in the stations of the region and the appropriate number of months 

Station Zabol Khor Nehbandan Birjand Qaen Ferdos Zahedan 

Wind 
potential Good Good Rather good Weak Weak Weak Rather good 

Frequency of 
best Month 5 3 2 2 1 2 3 

 
There are spatial and temporal differences in wind energy potential in these regions due to 

large wind changes. Therefore, there are different possibilities for the development of this region 
in different parts of it. According to the table 3, the highest wind potential of the region is 
observed in Khor station. Which is located on a good class. In the east of the Iran, Zabol station 
also has the potential to develop and invest in the wind energy sector. The first step for the 
development of new energies is the careful study of the relevant potentials, and then in the second 
stage, finding the optimal location for the establishment of equipment and facilities to exploit 
existing potentials and potential necessity is inevitable . According to the zoning and spatial 
analysis of wind speed in the study area in eastern Iran with the Kriging model, north of Sistan 
and Baluchestan province and south of South Khorasan have the ability to use wind energy(fig4). 
 Some area like khor in west of south Khorasan and Zahedan in sistan and Baluchistan have good 
situation to use of wind energy.  

 
Provide a small wind system for residential and agricultural areas of the east of Iran 
 

Today, residents of villages and Areas with limited access around the world use wind energy to 
generate electricity for domestic needs. These systems can be used in these areas where building 
a power grid is costly. A small wind system can be installed in areas prone to wind. Sistan and 
South Khorasan regions are limited in terms of access to facilities and electricity network due to 
their location on the eastern borders of the Iran. 
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Figure 3. Sample of the region's Wind rose 
 

Most of the population in these areas, such as villages and nomads in this area, can use these 
small and low-cost systems. The conditions for creating a small wind energy network system are 
as follows: 

- The area where you live should have an average wind speed of 4.5 meters per second. 
- Facilities required to connect to the network 
- You are comfortable with long-term investment. 
A small wind energy system can be used in a power distribution system with different 

connections, this flow is called a grid system. Connecting to the wind turbine network reduces 
your consumption and you can use electricity for lighting, heating and other uses (najafi, 2011). 

A home wind turbine consists of a rotary or propeller, a generator mounted on a stand. All 
turbine blades are driven by kinetic energy. Wind kinetic energy is transmitted to the generator 
by rotation, rotation by the turbine (fig5). The turbine blades rotate 2 to 3 revolutions per second. 
The best way to produce more energy is to have a larger circle diameter at the blades. The central 
chassis on which the generator and the blades are mounted is strong. Of the 1.5 kW (KW) wind 
turbine energy, 300 kWh (KWh) is domestic demand per month, which is generated in a place 
with 14 miles per hour (6.26 m / s) average annual wind speed (Readdr et. al., 1988) 
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Figure 4. Spatial distribution of wind energy development potential in the study area 

 

 
Figure 5. A structure home wind turbine 

 
Manufacturers provide the energy you want from turbine performance at average speeds. 

Manufacturers also provide information on the minimum wind speed for the turbine and the safe 
operation of the turbine. Most turbines have an automatic system that controls their rotation at 
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high wind speeds. Our information on how the wind speed is distributed, where you live and how 
much energy you need determines the size of the turbine. It is important to note that the best wind 
speed and energy are at an altitude above ground level because wind speeds increase with 
altitude. The turbine is mounted on top of the tower, and this height increases the air turbulence, 
thus preventing the influence of ground-level factors on wind flow. The main role of the button 
installed on the wind turbine is that the top of the tower with the rotating part of the blades is at 
least 9 meters. The base has articulated arms that are pulled down during repairs or storms (fig6).  
The system needs strong batteries to store extra turbine energy when the wind is calm. They also 
have a charger regulator to keep the batteries from overcharging. These batteries are charged and 
discharged hundreds of times. Using these systems, it is possible to use and use wind energy in 
far areas of the region, border areas, nomadic and rural areas. Similar study about wind energy 
potential in other region of world as Firdaus and et al. (2017) about power generation potential of 
mini wind turbine in east coast of Peninsular Malaysia, compare between  Beceral and et al., 
(2017)  research and this study were near. That research show the group of variables studied a 
small scale wind farm was studied, considering a nominal electrical production capacity of 
90 kW. 
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Figure 6. Main base or tower 
 

Conclusion 
 
Nevertheless utility scale wind turbines are serving to harness the wind energy but Small scale 
wind turbines can serve a better option for harnessing wind energy due to they are cost effective, 
easy to manufacture , portable safe and environmental friendly. The energy crisis in recent years 
has forced countries around the world to take a different approach to energy issues, including 
replacing fossil fuels with renewable energy, including solar, to reduce and save energy, 
controlling energy supply and demand and reducing emissions have been widely welcomed. 
Wind energy is one of the renewable energy sources that its use has increased in many countries 
of the world due to the lack of environmental pollution and the low cost of wind turbines 
compared to other new energy sources. In this regard, finding the optimal location for the 
establishment of equipment and facilities to exploit existing and potential potential is essential. 
Southeastern Iran has a suitable platform for the development of wind energy production systems 
due to the favorable conditions in terms of wind. Examination of wind data in this region showed 
that some stations in this region such as Zabol, Khor, Zahedan and Nehbandan have suitable 
conditions for investment to generate electricity from wind. Due to its scattered population points 
and the high cost of electricity transmission, as well as the limitation of electricity generation in 
the future, this region can use small wind systems to generate energy. These systems are provided 
for agricultural and residential areas that are located in suitable and windy places. The systems 
have low installation costs and can generate energy for population points. At 15 m elevation, it 
was found that power generation is more than 4 months higher during northeast wind season (120 
day wind). This proved that the northeast winds season has higher potential in generating power 
by wind turbine in Nehbandan and South Khorasan. The quality of the local wind conditions is a 
significant factor in determining if a turbine will be economically viable for the home or farm, 
these situation are in study area.  
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