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Abstract

The article analyzes the directions for determining the potential of solar and wind energy by 
areas. For the design and effective use of photovoltaic solar and wind power plants in the conditions 
of Turkmenistan, the importance of choosing locations with the most favorable natural potential is 
explained. Emphasizing the importance of processing information on renewable energy sources with 
high accuracy, it is proposed to use a digital system developed in the research and production center.
Keywords: renewable energy sources, digital system, photovoltaic solar stations, solar energy cadastre, 
wind energy cadastre, solar energy, wind energy, energy.

Introduction

In accordance with the Revival of the New Epoch of the State: the National Program for the 
Socio-Economic Development of Turkmenistan for 2022–2052, comprehensive measures are being 
continuously implemented to increase the capacity of the electric power industry, strengthen its 
material and technical base, as well as the phased modernization of all components of the system 
(Berdimuhamedov, 2022).

In this regard, efforts are made to accelerate the development of the country's economic sectors 
through digital technologies and improve the quality of services provided to the population. In order 
to improve the system of digital services, it is planned to implement the following tasks in the sectors 
of the economy:

–– introduction of innovative methods, technologies, advanced methods and practices in the field 
of science into production;

–– creation of a centralized reporting center in the country for remote collection, aggregation and 
mutual exchange of information on the use of energy resources in the electric power industry, as well 
as continued improvement of the digital infrastructure. With the widespread introduction of digital 
technologies, it will be possible to analyze energy losses occurring in the power system. In order to 
strengthen control over electricity consumption it is planned to introduce energy-saving and remote 
lighting on the streets.

Accordingly, the Decree of the President of Turkmenistan No. 179 dated July 8, 2022 approved 
the «Social and Economic Development Program of the President of Turkmenistan for 2022–2028». 
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The relevant section of the program: «Ensuring environmental well-being and developing a green 
economy» provides for:

–– conservation of nature and biological diversity of the country;
–– production and use of renewable types of energy, establishing the use of energy-saving 

materials and technologies;
–– reducing emissions of pollutants into the environment;
–– construction of a solar and wind power plant (The program of the President of Turkmenistan 

on socio-economic development of the country for 2022–2028, 2022)
The introduction of advances of science and technology into production, as well as their active 

use, effective solution of technical problems associated with the creation of waste-free production, 
is a guarantee of uninterrupted operation of the system. In this context, an important task remains to 
solve the problem of creating an Internet portal for assessing renewable energy sources in the country, 
namely solar and wind energy.

Research methodology. It is considered advisable to use several types of renewable energy 
sources simultaneously, i.e. use compatible technologies in order to provide electricity to consumers 
of various capacities (Sariyev, Batmanov, Gurbanova, 2022). Reliable and efficient operation of 
combined solar and wind power plants depends on a number of characteristics. In this regard, the 
geographical location of the place of installation of combined equipment, the speed rate of solar 
radiation during the year when the solar panels are tilted to the optimal angle relative to the horizontal 
plane, solar power plants for the corresponding place, the outdoor air temperature, the speed and 
duration of the wind flow, as well as the direction of wind and includes the frequency and average 
annual values of wind power. Based on these characteristics, an important issue is to determine the 
year-round power generation of photovoltaic solar and wind power plants, the exact places of their 
construction, as well as study the effect of weather conditions on the energy parameters of the plant. 
The reason is that the year-round operation of photovoltaic solar and wind power plants of various 
capacities depends on the technical and economic indicators of the project. This indicates the need 
to develop a digital solar and wind energy cadastre system in the regions where the project is to be 
carried out.

In this work, the solar irradiance values collected from satellite data are the values falling on the 
horizontal plane on which the solar cells are installed, at a certain point and with a certain optimal 
angle β relative to the horizontal plane, then the total average amount of solar energy falling on 
the horizontal plane during the month, can be determined by the following formula (Vissarionov, 
Deriugina, Kuznetsova, Malinin, 2008):

E R EH = ⋅ ,	 (1)
where: E is the total amount of solar energy incident on a horizontal surface per day in a month; R is 
the ratio of solar radiation incident on a surface inclined at a certain angle relative to the horizon, and 
on a horizontal surface, averaged over one day in a month.

The calculated coefficient of transition from a horizontal plane to a south-oriented plane is equal 
to the sum of three components, namely, direct, scattered and flared solar radiation (Vissarionov, 
Deriugina, Kuznetsova, Malinin, 2008):
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where: Ер – the average amount of scattered solar radiation falling on a horizontal surface during 
month; ЕР/E – part of the scattered solar radiation falling on the horizon during one month in an 
average; Rn – coefficient for calculating the transition from a horizontal plane to a south-oriented 
plane, on average per month; β is the angle of the solar cell surface relative to the horizon; ρ is 
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the scattering coefficient (albedo) of the earth's surface and bodies in rocks, which under normal 
conditions is 0,7 for winter days and 0,2 for summer days.

When calculating the direct reflection of the Sun on average per month, the calculated coefficient 
of transition from a horizontal plane to a compressed plane oriented to the south is determined by the 
formula below (Vissarionov, Deriugina, Kuznetsova, Malinin, 2008):
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where φ : is the geographic latitude of the place, in degrees; β – the angle of deviation of the solar cells 
relative to the horizontal plane, in degrees; δ – declination angle of the Sun,
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where: n is the ordinal number of days in a year, the serial number starts from January 1 (number 
of the day for calculating the average value for each month of the year). The values of the angle of 
inclination of the Sun δ can be obtained using Table 1. 

Table 1

Sun declination angle

Months I II III IV V VI VII VIII IX X XI XII
n 17 47 75 105 135 162 198 228 258 288 318 344

δ, deg –20,9 –13 –2,4 9,4 18,8 23,1 21,2 13,5 2,2 –9,6 –18,9 –23

ω0 – hourly angle of sunset (sunrise) for a horizontal peak (Vissarionov, Deriugina, Kuznetsova, 
Malinin, 2008):

ω ϕ δ
0
= − ⋅arccos( )tg tg ,	 (5)

ωs – hourly angle of sunset for the compressed top of the southern orientation (Vissarionov, 
Deriugina, Kuznetsova, Malinin, 2008):

ω ϕ β δs tg tg= − − ⋅[ ]arccos ( ) ) ,	 (6)
The following values of wind power and wind energy in the territory are determined by the 

formulas (Zubarev, Minin, Stepanov, 1989). The power of the transverse air flow P from the transverse 
section F with a speed ν is defined by the following well-known expression:

P F= ρ
ν 2

2
,	 (7)

where: ρ – air density, kg/m3.
The wind speed per unit cross-sectional area is (Zubarev, Minin, Stepanov, 1989):
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The average annual wind energy Wud (wind energy passing through 1 m2 of the cross section) 
depends on the frequency of wind speeds, i.e. on what time of the year it blows with the same or 
different νi speed, and is determined by the following expression ti (Zubarev, Minin, Stepanov, 1989):
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where T = 8760 is the working time during the year, z is the sequence of wind speeds (gradation).
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Research work has been carried out on the use of technologies aimed at solving emerging problems 
in the relevant field (Nurgeldiev, Pirnyazov, 2014). However, when developing the cadastre of solar 
and wind energy in the respective areas, not only the data collected by the local hydrometeorological 
service in different years, but also the analysis and comparison of data in the satellite database were 
not taken into account. Currently, research work is carried out to determine the average value of total 
(gross) solar energy per solar panel installed in regions located in Turkmenistan using a digital system 
(Geldiev, Dzhumaev, Khanchaev, 2022). Therefore, it is necessary to use the NASA satellite database, 
analyze and improve the capabilities of the digital system for calculating total solar radiation and 
average wind speed in the regions of the country. In this regard, when developing a solar and wind 
energy inventory by regions, it is necessary to ensure the consistency of different large-scale data 
sources. One of the prerequisites is the uninterrupted and accurate operation of technical means when 
using various data sources. This is also due to the fact that some random technical errors are not taken 
into account. As a result, this leads to inaccurate calculations carried out during the performance of 
design work, extension of the project implementation period and incorrect selection of components 
for power plants. This has a direct impact on prices and technical and economic indicators of 
the project. Based on this, the main tasks of importance include the accurate development of an 
inventory of solar and wind energy by region, the correct assessment of the technical characteristics 
of power installations based on renewable energy sources, and the solution of fundamental problems 
in determining the reliability of installations for the future. The main goal of scientific work is to 
use a digital system, that is, a fast and reliable system through a network, to effectively solve the 
upcoming problems. The scientific work with calculations analyzes the possibilities of practical use 
of the developed portal «Internet portal on renewable energy sources» in the research and production 
center «Renewable Energy Sources» of the State Energy Institute of Turkmenistan.

One of the ways to ensure the sustainable development of the sectors of the economy of our 
independent country, the diversification of fuel and energy resources and the long-term sustainable 
development of the energy sector is the development of renewable energy. To provide affordable and 
clean energy to areas located far from the central power supply system, improve the welfare of the 
population and develop industry, as well as achieve the goals of the Paris Agreement on sustainable 
development and climate change, by the decision of the President of Turkmenistan the «National 
Strategy for the Development of Renewable Energy» was adopted. The plan of the national strategy 
is aimed at «Research and preparation of proposals for potential sites for industrial solar and wind 
power plants», «Creation of a single information center to determine the potential of solar and wind 
resources», «Creation of an Internet portal for renewable energy sources» (National strategy for 
the development of renewable energy in Turkmenistan until 2020). According to the decision of 
our Arkadag Serdar, it is planned to prepare proposals for the development and implementation of 
environmentally friendly high technologies aimed at the use of «Solar, wind and hydrogen energy 
for the period 2022–2028» as part of the «Program the President of Turkmenistan on socio-economic 
development of the country for 2022–2028» «aimed at further building up the economic power of 
Turkmenistan and improving the living standards of the people.

Considering the importance of the task, the foundation of the digital integrated data center was 
laid as part of the assessment of solar and wind energy resources. On the basis of the center, an 
advanced method has been developed to improve the reliability of the system through the use of a 
digital system for accurately determining the location of photovoltaic solar and wind power plants 
in the regions of the country, assessing the reserves of solar and wind energy. Based on the active 
use of the developed integrated data center at the project implementation stage, the potential of solar 
and wind energy resources was assessed, the parameters and operating capabilities of photovoltaic 
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solar and wind power plants, as well as solar and wind energy were determined, the potential of 
any region of the country was assessed through a digital system. Within the shortest possible time, 
analytical solutions were obtained with high accuracy, and the economic efficiency of using solar 
and wind energy reserves was determined. Accordingly, the correct selection and coordinated use 
of components of renewable energy sources is the basis for making positive decisions in providing 
consumers with clean electrical energy without interruptions, even in the face of seasonal weather 
changes throughout the year. It also fully includes the ability to export current calculations to 
«pdf», «doc», «xls» files.

The Internet portal developed at the Research and Production Center consists of the following 
sections: main page; about the center; projects and partnerships; programs and communications.

The main page of the Internet portal contains extensive information about the capacity of 
renewable energy sources in the country. The section «About the Center» contains information about 
the research activities, results and achievements of the research and production center «Renewable 
Energy Sources», operating at the State Energy Institute of Turkmenistan. The «Projects and 
Partnerships» section presents an analysis of activities and projects on renewable energy sources 
in the country, as well as the implementation of program activities for international cooperation in 
this area.

The software department also includes several subsections, including: digital solar photovoltaic 
power plant design system; digital system for assessing solar energy; digital system for designing 
wind farms; digital wind energy inventory development tool and database.

Work is under way to determine the monthly and annual tilt angles of the solar panel relative to 
the horizontal plane for the selected site in the section «Digital solar photovoltaic design system», 
as well as the electrical energy that the selected solar panel can produce per month, and total 
year, as well as the intensity of solar radiation. It also allows comparing solar panel performance 
graphs. It also determines the performance of the solar panel based on any tilt angle relative to the 
horizontal plane in the selected area. By clicking on any point on the country map in the «Digital 
solar energy estimation system» section, the program calculates the north latitude, east longitude to 
the corresponding point, the intensity of the sun's rays falling on one square meter horizontally in 
this space, as well as the position of the solar system in the horizontal plane by months and years, 
automatically determines the angle of inclination and the intensity of sunlight per square meter 
when the solar battery is tilted at these angles (Fig. 1). The Digital Wind Farm Design System 
makes it easy and reliable to design wind farms to identify wind energy potential in a region. 
This department also includes several subsections, namely: settlement; regions; speeds at altitudes; 
direction of the wind.

In the calculation department, the electrical energy that a wind power plant can produce in one 
hour, one day, one month is assessed, and a comparative graph of electrical energy indicators is 
constructed. This section also provides an hourly analysis of wind power generation over different 
years for the regions available in the database. In the «Regions» section, the wind energy reserves 
of the regions included in the database are evaluated, and the most favorable regions are selected. 
In the section «Speeds at Heights» the wind speeds at different heights with different indices are 
estimated. This section defines wind speeds for the regions included in the database at different 
heights (from 10 to 100 meters). In the «Wind Direction» section, one of the important indicators 
of the wind cadastre the wind directions are determined by the regions included in the database.
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Figure 1. Estimation of solor energy by region

In the section «Digital system for the development of the wind energy cadastre», the digital 
system for calculating the wind energy cadastre has been improved and the high accuracy of the 
result obtained has been achieved. The average annual wind speed, which allows calculating this area, 
annual and daily wind variability, repeatability of wind speed, direction of the wind, maximum wind 
speed, specific power and energy, wind energy reserves in the region are stored in the data based.

In the «Average wind speed» section, the average wind speeds at different heights for months and 
years are determined, and comparative graphs are built. Long-term average wind speeds characterize 
its state. This is due to the fact that the wind speed in the corresponding period of time varies widely, 
that is, it changes from day to day throughout the year. When developing a wind energy cadastre, 
such changes are called annual and daily wind changes. The section «Daily change in wind direction» 
presents an analysis of the daily change in wind speed in the region at a selected altitude on a given 
date.

The frequency of wind speeds is considered one of the most important characteristics of cadastral 
characteristics. It shows when the winds blew at the same speed during the period in question. 
Using this characteristic, wind energy potential is identified and the efficiency of wind energy use is 
determined. The problem of determining the repeatability of wind speeds is complex. This is because 
it is closely related to the need for long-term monitoring. In this case, the repetition of wind speed at 
any height in the selected region is determined in the section «Repetition of wind speed».

One of other important indicators of the wind energy cadastre is the frequency of wind directions. 
The frequency of wind directions shows how frequently the winds blow in one direction or another. 
The section «Repeat wind directions» also determines in which direction the wind blows in the 
selected area and in percentage terms (Fig. 2). Peak wind speed data is a key component of a wind 
energy inventory. They are necessary for calculating the strength of individual parts and elements of 
a wind power plant (buildings, panels, wind turbine structures, etc.).
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Figure 2. Determining the frequency of wind directions in the city of Balkanabat

Incorrect accounting of data on the maximum wind speed leads to incorrect design of the wind 
turbine. This causes the failure of the installation in areas with strong winds as a result of installing 
an insufficiently strong installation. The section of the digital system «Maximum wind speed» 
determines the maximum wind speeds at different heights in the regions of the country. The average 
annual wind energy (cross-sectional energy per 1 m2) depends on the frequency of wind speeds. In 
the relevant sections «Specific wind power and specific energy», the average wind power and wind 
power at different heights in the selected region for months and years are determined and a graph of 
their comparison is built.

The constant introduction of innovative technologies into production opens up great opportunities 
for the widespread use of wind power plants. In the «Total potential of the wind resource» subection 
of the «Wind energy resources of the region» section, the total potentials of the wind power plant 
at different heights in the selected region are determined by month and year and their graphs are 
also constructed. In the «Technical potential of wind reserve» sub section of this section, you can 
determine the average technical potential of wind reserve at different heights in a selected region over 
months and years, and build graphs based on the obtained values.

A user with the «Administrator» right has an access to data and can perform various operations 
with the database of the Renewable Energy Internet Portal. The database section also consists of 
several subsections, and includes information on the speed of sunlight in the respective regions of the 
country, data on the technical performance of photovoltaic solar panels, batteries, controllers, inverters 
in a photovoltaic solar power plant project, technical performance of wind farms and average winds 
in different regions, as well as hourly wind speeds and extensive information on wind directions. 
Based on the world's leading experience, the database includes the options to change the technical 
parameters of the components of photovoltaic solar and wind power plants, make adjustments to 
existing data, and remove them from the database.

Research results. As a result of using the digital system, the solar panels are located in the 
south direction in the village of Bukri in the country, the intensity of sunlight falling on 1 m2 of the 
horizontal surface is 1778,15 kW∙h/m2, the monthly optimal angle of solar installations relative to 
horizontal surface β – values of angular deviations, reduced to monthly values of the optimal angles 
of the speed of incidence of sunlight per 1 m2 of solar panels – 2221,65 kW∙h/m2, the speed of sunlight 
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falling on 1 m2 of solar panels, reduced to annual favorable angles – 2090.28 kW∙h/m2 (Figure-3), 
as well as the annual accumulated values of wind energy sources in the city of Balkanabat, wind 
direction and average annual values. Wind energy values at different heights were determined to be 
1845,5 kWh /(m2∙year) at a height of 100 m (Fig. 4).

In this work, on the basis of data collected from the Internet portal, calculations were made of 
solar power plants of various capacities for power supply of settlements located in remote areas. With 
the help of a digital system, suitable locations for the installation of wind towers for the construction of 
wind power plants in the regions of the country have been identified, and work is currently underway 
to assess the reserves of wind power in the relevant territories on a scientific basis.

A digital system portal used in assessing the solar and wind reserves of our country was 
developed and prepared, certificate No. 290 was issued by the State Service for Intellectual Property 
of the Ministry of Finance and Economy of Turkmenistan and it is officially registered (Allanazarov, 
Sariyev, Allakulyyev, Shyhyev, Akymmayev, 2023).

Figure 3. Solar energy values in Bukri village

RESULTS

1.	An Internet portal has been developed to assess Turkmenistan’s solar and wind energy reserves, 
and a single center has been created to determine the potential of the country’s solar and wind energy 
reserves.

2.	The project of solar power plants of various capacities was implemented in accordance with 
the technical work on the construction of solar power plants of various capacities to supply electricity 
to remote settlements.

3.	 It is proved that the information obtained can be used in determining the location of solar and 
wind power plants in the region.

K. Sariyev, N. Allanazarov, A. Kakabayev Internet Portal on Renewable Energy Sources
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4.	For the construction of wind turbines, the optimal locations for the installation of wind turbines 
were determined using a digital system.

Figure 4. Values of specific wind energy in the city of Balkanabat
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