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Abstract

The article deals with issues related to the uninterrupted supply of electricity to consumers remote
from the central power plant. In the climatic conditions of Turkmenistan, a scheme is proposed for
connecting combined photovoltaic solar and wind power plants to the energy system. The method of
connection to the electric power system is explained in detail and the relevance of designing combined
systems for the production of electricity is described. Also, for reliability in the calculations, it is
proposed in the design work a technique for using software.
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Introduction

To supply electric power to the consumers and organize an uninterrupted electric power supply
to the decentralized AC and DC consumers with the high-power loads, combined cycle power plants
based on the renewable energy sources (RES) are used in the electric power industry. With the
introduction of the innovative technologies in the electric power industry for the seasonal conversion
of the excess electrical energy generated by the combined cycle power plants based on the renewable
energy sources, the central electric power transmission lines face technical and practical challenges.

To increase the reliability of the uninterrupted electric power supply to the decentralized
consumers by increasing the duration of the peak load consumption by the consumer, a technological
substantiation for the use of the electrical energy connected to the central electric power line is being
developed, thereby reducing losses for the additional regulation of the parameters of the alternating
current source of a combined cycle solar and wind power plant, and also expanding functionality by
expanding the electrical energy range of the electric power system. The possibility of the seasonal
dispatch of the electrical energy generated by the combined cycle solar and wind power plants
connected to the central electric power transmission line resolves the issue of the full use of the electric
power plant’s energy from the combined renewable energy sources. With the growth of electrical
energy consumers connected to the electric power system, an increase in the generation capacity is
required. By fully utilizing the electric power plant’s capacity from the combined renewable energy
sources, harmful emissions into the atmosphere (CO,) are reduced and the service life of the gas
turbine units is extended.

When determining the capacity of the consumers using a well-known method, the calculation
is made at low solar insolation for December (working hours of the photovoltaic solar power plants
during the day are 8-10 hours). Based on these values, all the components of the photovoltaic solar
power plants (solar panels, controllers, network inverters, etc.) are selected. This method completely
covers the consumption capacity of the consumers during the daytime. But economically it is not
profitable in the summer, when the working hours of the photovoltaic solar power plants increase
several times (in July 12-16 hours) and, accordingly the electric power generation increases. This,
in turn, leads to an excessive generation of the electric power. Not using the full capacity of the
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generated electrical energy, turning off several panels and regulating generation seasonally, as well as
not using the capacity of the electric power installations based on the renewable energy sources lead
to wear and tear of the photovoltaic solar power plants (the service life of photovoltaic solar power
panels is 25 years) (Saryyev, Nazarov, Matyakubov, 2022; Jumayev, Atayev, 2022).

In order to install wind power plants, it is necessary to investigate in detail the areological and
energy characteristics of the wind of a particular region. Accurate data can only be obtained through the
long-term measurement of an average wind speed, based on the areological and energy characteristics
(these include: an average annual wind speed; annual and daily wind direction; frequency of the
speeds; types and parameters of the wind speed distribution functions; vertical profile of an average
wind speed; specific power and specific energy of the wind; wind energy resources of the region), it
is necessary to create a wind energy cadaster for the region. The wind potential of the region makes
it possible to choose the type and size of the wind power plant.

For the wind power plants, forecasting the electrical energy generation schedule is dependent
on the weather conditions. A way out of this problem can be found by installing hybrid wind power
plants (this is a combination of the photovoltaic solar power plants and in parallel with a connection
to the central electric power system, etc.), which allow wind turbines to provide an uninterrupted
supply of the electrical energy with the capacity consumed. Thus, hybrid wind power plants make it
possible to compensate for the lack of energy during periods of calm.

To accurately determine the average value of the total (gross) solar energy per solar panel
installed in the regions located in Turkmenistan, a digital system was used. It is necessary to use the
NASA satellite database, meteorological data for the region, analyze and improve the capabilities of
the digital system for calculating the total solar radiation and average wind speed in the regions of the
country. In this regard, when developing a solar and wind energy cadaster by region, it is necessary
to ensure the consistency of the large-scale different 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 implementation of the project work, extension of the
project implementation period and incorrect selection of the components for the power plants. And
this has a direct impact on the prices of generated electrical energy (per 1 kW) and the technical and
economic indicators of the project. Based on this, the main tasks of the particular importance include
the accurate development of a cadaster of solar and wind energy by region, the correct assessment of
the technical characteristics of the power installations based on the renewable energy sources, and the
solution of the fundamental problems in determining the reliability of the installations for the future.
The main task is to use a digital system, that is, a fast and reliable system via a network, to effectively
solve the upcoming problems. The calculations performed below analyze the possibilities of the
practical use of the software «Internet portal on renewable energy sources» developed by the research
and production center «Renewable Energy Sources» of the State Energy Institute of Turkmenistan.
The national software developed by the research and production center was awarded a certificate
for the computer program (No. 290) issued by the State Service for the Intellectual Property of the
Ministry of Finance and Economy of Turkmenistan, also registered in the State Register (01/25/2023)
(Allanazarow, Saryyew we basg., 2023).

Research methodology

When determining solar radiation values by region, collected satellite data is used. These data
represent the values of the solar radiation incident on the horizontal plane on which the solar cells are
installed, at a certain point with a certain optimal angle f relative to the horizontal plane, then the total
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amount of the solar energy falling on the horizontal plane during an average month can be determined
by the following formula (Buccapuonos, 2008):

E,=R-E (1)
here: E — is the total amount of the solar energy falling on a horizontal surface per day in an average
month; R — is the ratio of the 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 the transition from a horizontal plane to the south-oriented plane is
equal to the sum of the three components, namely direct, diffuse and broken solar radiation:

_a B E, 1+cosf ~ 1-cosf

R=( E)R"+E 5 +p 5 (2)

here: E, — the amount of the scattered solar radiation falling on a horizontal surface during one

E
day in an average month; fp — part of the scattered solar radiation falling on the horizon during

one day in an average month; R — coefficient for calculating the transition from a horizontal
plane to the south-oriented plane on average per month; f — angle of the solar cell surface
relative to the horizon; p — scattering coefficient (albedo) of the earth’s surface and bodies in
the rocks; under normal conditions it is equal to 0.7 for winter days and 0.2 for summer days.

When calculating the direct reflection of the Sun on an average per month, the calculated
coefficient of the transition from the horizontal plane to the compressed plane oriented to the south is
determined by the formula below (bypmuctpos, Buccapuonos, /leptoruna u ap., 2009):

cos(¢—fB)-cosd-sinw,_, +L~a)zn -sin(¢ — f)-sind
R, = 180 (3)

n
. T . .
COS¢-CcosO -Sinw, +@-wz -sin¢-sind

here: ¢ — geographic latitude of a place, in degrees; 8 — angle of the deflection of the solar cells
relative to the horizontal plane, in degrees; 6 — solar declination angle:
284+n
4
365 ) 4)
here: n — the ordinal number of the days in a year, the ordinal 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
the inclination of the Sun can be obtained using the values given in Table 1.

S =23,45-sin(360-

Table 1

Solar declination angles

Months | I | Il | I | IV | V | VI|vl vil| IX | X | XI | XI
n 17 | 47 | 75 | 105 | 135 | 162 | 198 | 228 | 258 | 288 318 | 344
5, degree | 200 | <13 2.4 | 94 | 188 231 | 212 135 | 22 | 96 | -189 | -23

®, —hourly angle of sunset (sunrise) for the horizontal vertex:
o, = arccos(—tg¢ -1go) (5)

®., —hourly angle of sunset for the compressed south-oriented vertex:
., = arccos[—1g(¢p— B)-1g5)] (6)
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In the modeling of the solar photovoltaic power plants and technical characteristics, calculations
were performed for the solar panels with a capacity of 580 W (tables 2-3). When installing the solar
panels, it is necessary to consider the distance between the rows to avoid hiding the solar panel
working area. The hiddenness of the solar panel working site directly affects the performance of the

solar power plant (Fig. 1).

h 4

k. 2

Figure 1. Diagram for determining the size between the rows of the solar panels

here: W—solar panel length, m; B — optimal angle of the inclination of the solar panel to the horizontal
plane; D — distance between the two solar panels, m; L — distance between the two rows of the solar

panels, m; H — solar panel height, m;

Technical specifications of 580w solar panel

Technology

Monocrystalline PERC Half-Cut

Solar panel capacity

580 W

Useful module of coefficient of efficiency 21%

Dimensions 2416 x 1134 x 35 mm
Weight 30.7 kg

Maximum static load on the receiving plane | 5400 Pa

Maximum static load on the backside plane | 2400 Pa

Maximum system voltage 1500V DC
Permissible output capacity limit 0+£5W

Working temperature -40°C + 85°C

Materials and labor are guaranteed for 10 years.

Additional linear output power is guaranteed for 25 years.

86% for 25 years.

Photovoltaic modules have a 93.50% output capacity guarantee for 10 years and

Components of the 7 mw photovoltaic solar power plant

Table 2

Table 3

No. Name of equipment Number, piece
1 | Total capacity of the solar panels 7MW
2 | Number of the solar panels, 580 W 12150 pcs.
3 | Type of the solar batteries Monocrystalline PERC Half-Cut
4 | Space occupied by the solar batteries 33287.8 m?

45



K.A. Saryyev. Scientific and technical justification for connecting power plants based on renewable energy sources
to the electrical system

5 | Installation of the solar batteries fixed

6 | Solar panel capacity 580 W

7 | Solar battery efficiency factor 21%

8 | Angle of deviation relative to the horizontal panel | 380
plane

9 | Solar panel orientation south

10 | Amount of the electrical energy generated during | 38883.61 kWh
an average sunny day
11 | Amount of the electrical energy generated in 14,192 518106 kW/h =

average per year 14, 192,518 million kW/h

Research results

Based on the passport values, we draw up a graph of the productivity of the photovoltaic solar
power plants with a capacity of 7 MW by month throughout the year (Fig. 2). When determining the
performance of the photovoltaic solar power plants, data obtained from the weather station installed
in the Turkmen lake «Altyn Asyr» were used.
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Figure 2. Amount of the electrical energy generated by a 7MW photovoltaic solar power plant by the months
during the year
The required capacity of a photovoltaic solar power installation is determined by the number of
the solar panels of the corresponding capacity. According to this determined capacity, the capacity
of the inverter is selected, which converts the DC voltage into AC voltage, and the voltage and
current required to power the inverter are provided based on the series and parallel connection of the
photovoltaic solar panels (Fig. 3).
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Figure 3. Solar panel connection diagram 1 — solar panels; 2 — inverters; 3 — power line connectors
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The data, experience, connection methods and operating modes of the large power plants for
electric power supply cannot be transferred to wind energy installations, including large wind energy
centers with many wind energy installations that are connected to the electric power supply network
for energy input. The specialist responsible for connecting the electric power plant to the electric
power supply network for its operation is different from the specialist responsible for connecting the
wind power plant to the electric power supply network for its operation.

The performance of a wind power plant depends on the wind and therefore the fact that it is the
source of intermittent energy must be taken into account; wind power plants usually do not inject
energy using a directly coupled synchronous generator into the power grid, but use a voltage-based
inverter (DC to AC converter); they are of a different order of the magnitude than the large power
plants, they are subjected to regulation usually in different ways, which often provide power changes
to electrical substation operators, they inject energy usually into the medium voltage network, while
large power plants usually inject into the ultrahigh voltage network ( tables 4-5).

Parameters for calculating the specific power of the wind and energy in the territory are
determined by the special formulas. Cross air flow power P from the cross section F with the speed v

is determined by the following well-known expression (Buccapuonos, 2008):
2

P= va? (7)

where P — air density, kg/m’.
The wind speed per unit cross-sectional area is equal to:
1
P, = 5 pv’ (8)
The average annual wind energy W, , (wind energy passing through 1m? of the cross section)
depends on the frequency of the wind speeds, i.e., on what time of the year ¢, it blows at the same or
different speeds v, , and is defined by the following expression:
z 1 z
Wi = Zed,.ti = B pTle.V? 9)
i=1 )

where T = 8760 — working hours throughout the year, z — sequence of the wind speeds (gradation).

Table 4

Technical specifications of the 1tw86 wind power plant with the capacity of 1.5 mw

Wind generator rated capacity 1.5 MW

Wind generator quantity 2

Installed power 3 MW

Mast height 80 m

Minimum and maximum permissible wind | 3 m/s, 25 m/s

speed

Rated wind speed 10 m/s

Life time 20 years

Rotor installation Maximum wind direction
Rotor diameter 90.3 m

Surface area occupied by the rotor 6,404 m?

Blade material Wired glass/epoxy resin
Rotor rotation range 6 — 18 rpm
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Nominal rotor rotation purity 15 rpm

Regulation of power and rotor speed Stepped active control

Generator type Direct Drive Permanent Magnet Synchronous
Machine

Power converter type 4Q apparent power —3-phase IGBT

Cooling system Air cooled rotor and water-cooled stator

Main braking system Regardless of the aerodynamic step control system

Remote control SCADA

Production ratio (P90) 32.5%

Table 5

Components of a 3 mw wind power plant

No. | Name of equipment Number, piece
1 | Total wind generator capacity 3 MW
2 | Wind generator quantity 1.5 MW x 2 pcs
3 | Wind generator capacity 1.5 MW
4 | Amount of the electrical energy produced on | 23142.49 kW/h

average per day

5 | Amount of the electrical energy produced on | 8, 447 008106 kW/h =
average per year 8, 447,008 million kW/h

Let us draw up a performance graph for two a 1,5 MW wind power plant (brand LTW86) by
months throughout the year (Fig. 4). When determining the performance of the wind power plant,
data obtained from a weather station installed in the Turkmen lake «Altyn Asyr» were used.
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Figure 4. Amount of the electrical energy generated by a 1,5 MW two wind power plant by months throughout
the year

The conversion of the electrical energy generated by the combined cycle solar photovoltaic and
wind power plants is carried out in the following order: a photovoltaic power plant generates DC
electrical energy, and conversion into AC electrical energy is performed using an inverter. A wind
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power plant generates AC electrical energy and converts it into DC electrical energy using an inverter.
Then, in the combined system, DC electrical energy is converted into AC electrical energy using an
inverter and supplied to the load (Fig. 5). Of great importance for effective functioning in decentralized
networks is a well-organized management system that performs the following functions: maintenance
of the capacity balance in the autonomous mode; switching; capacity control of the regulated energy
sources; maintenance of the voltage stability and cleanliness of the decentralized networks; provision
of the collection and analysis of the information necessary for the consumers to “smartly” manage
the loads.

Atthe same time, electrical energy from the electric power system is used by at least simultaneously
operating wind power plants and photovoltaic power plants, in this case, the process of accumulating
electrical energy on batteries is not used, thereby solving the issue of the technical operation of the
batteries as charge-discharge, because the service life depends on the type of the battery and taking
into account the local climatic conditions, maintenance of the operating temperature (—20°C + 50°C).
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Figure 5. Diagram of the serial connection of the combined cycle power plants to the consumer and power
transmission line

In some cases, it is advisable to create an autonomous power grid if it is impossible to connect
to a centralized power transmission line in regions with the large renewable energy resources. At
the same time, the capacity of the energy storage devices must be calculated taking into account the
duration of the probable time intervals without wind and solar radiation, and this, in turn, leads to an
increase in the cost of products obtained from the photovoltaic and wind power installations. Having
the opportunity to organize the operation of the decentralized networks in parallel with the centralized
network will result in the significant benefits, since it will reduce the level of the capital costs and
operating costs.

The technical result of the scientific work is to increase the reliability of the electric power supply
to the consumers by reducing the duration of the peak load consumption by the consumer, completely
eliminating the use of a storage device with the required capacity, by reducing losses for the additional
regulation of the parameters of the alternating current source, as well as expanding functionality by
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ensuring an expansion of the range of the electric power system capacities, significantly exceeding the
capacity of the renewable energy sources, and by increasing the number of the consumers connected
to the electric power system.

The application of the results of the scientific work to the energy system when organizing electric
power supply to the critical AC consumers with high-power loads ensures industrial advantage.

For the technological substantiation of the proposed method, it is illustrated by the drawings in
(figure 6) that shows a block diagram for the parallel use of the combined cycle power plant: electric
power system with the combined renewable energy sources operating simultaneously to supply AC
consumers with the electrical energy; an example of creating a diagram of AC and DC consumers
using photovoltaic solar power plants with an installed capacity of 7 MW and two wind power plants
with an installed capacity of 1.5 MW. And also when designing combined cycle power plants, two
diesel generators with a capacity of 1 MW are provided.

For an uninterrupted alternating current power supply to the consumers of the electric power
system operating on the basis of the renewable energy sources, at least two such simultaneously
operating solar-wind sources are used (Fig. 5). In this case, the energy of each source is separately
converted into alternating current electrical energy. Solar energy is converted into alternating current
electrical energy using a network inverter, and wind energy is converted into alternating current by
the generators installed in the wind generator package. To supply the required power necessary for
daily consumption, a parallel connection of a power transmission line with a voltage of 110 kV is
provided.
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Figure 6. Block diagram for the parallel use of a combined cycle power plant
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When electrical energy consumption increases at the load (at peak loads) or during the interruptions in
the generator circuits, AC consumers are powered by the electrical energy from the power line. And
during the daytime, when generating electrical energy from the renewable energy sources, excess
energy is transferred to the AC power line through a step-up transformer. This allows the electric
power system to simultaneously control all the sources and stabilize the voltage on them, ensuring
energy balance in the system while eliminating losses for the additional regulation of the alternating
current sources in the case of an increase in the consumer capacity. The technological substantiation
of the proposed method is implemented using the device presented in figure 5. The device presents an
electric power system containing four units: photovoltaic solar power plant (1) with a capacity of 7
MW; wind power plant (3) with a capacity of 3 MW using the energy of the primary various types of
renewable sources; diesel generators (4) with a capacity of 2 MW and a power transmission line (11)
with a voltage of 110 kV. These installations are connected in parallel by AC rectifiers (2), a step-up
transformer (5), a switch (6) connecting to the main busbar system (7), a distribution substation (9)
connecting to a power line with a voltage of 110 kV. All the work in the combined cycle power plant,
electric power supply to the consumers and connection to the 110 kV AC power line is controlled at
the control point (10).

Generating sources (1) and (3) convert energy from the renewable sources into DC electrical
energy. In the inverters (2) are converted into AC electrical energy. (4) is a diesel unit for the connection
as a backup source. In the step-up transformer (5), this energy is transmitted with a voltage of 10
kV to the busbar system (7) and from the distribution substation (9) electrical energy is supplied to
the consumers (8) with a voltage of 35/10 kV, as well as a connection with a voltage of 110 kV to
the power line. In case of emergency situations in the generator circuits and the connection of the
total load, the busbar system (7) is also switched off with the supply of current to the power line to
equalize the load current and the total current of the generators. In this case, the maximum emergency
time will be equal to the maximum time of the diesel generator (4). Thus, all the work on generating
electrical energy from the combined cycle power plant, supplying electrical energy to the consumers
and connecting to the 110 kV AC transmission line is controlled at the control point (10).

The proposed scientific and technical substantiation of the proposed method makes it possible
to increase the reliability of the consumer’s electric power supply by reducing the influence of the
unstable alternating current sources on the consumer’s operating mode, as well as to expand the
functionality of the method due to the possibility of enlarging electrical power systems and increase
the capacity of the consumer load and the number of consumers connected to the electrical power
system. And this, in turn, also makes it possible to unify each element of the electrical power system
and organize seasonal transmission of the excess generated electrical energy by connecting a combined
cycle power plant to the power transmission line, which will lead to a reduction in costs and time for
organizing an uninterrupted electric power supply to the decentralized consumers.

The use of the scientific and technical substantiation of the method of the uninterrupted electric
power supply to the decentralized consumers by means of the connection to the central electric power
system using combined renewable energy sources will make it possible to create energy districts
in a short time, remote from power lines with the minor capital investments in construction, to
provide electrical energy to the population in the emergency situations without harmful effects on the
environment.
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