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Abstract

In order to achieve reliable operation of an integrated power supply system, important objectives
such as management of technical facilities, control and monitoring of these integrated power supply
systems including some other problems need to be tackled. The article discusses the methodology for
determining the resources of renewable energy sources in a particular locality, including a regulatory
framework for the development of renewable energy and calculations for the implementations of
photovoltaic solar stations. In addition, some other relevant pilot projects are also covered in the
article.
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Introduction

Energy supply based on renewable energy sources (RES) is more environmentally friendly and
safer, as well as cleaner in the production process. Photovoltaic solar stations (PVSS) can be used to
produce more DC power, and also to supply power to a small factory, residential building or small
enterprises.

The article provides a general scheme of power supply using the PVSS, the corresponding
calculations are made and, most importantly, this can be not as much a replacement for the existing
power supply system, as to protect the environment.

The management of the technical facilities of an integrated power supply system requires
consideration of the following issues:

- the resources of renewable energy sources in the territory under consideration;

- the creation of a regulatory framework for the development of renewable energies,

- the methodology for designing and calculating the PVSS:

- pilot projects of PVSS.

At present, the current state of the energy sector and the need to develop new energy technologies
that allow increasing the energy supply of production, minimizing the impact on the environment,
developing small and medium-sized farms and enterprises in need of autonomous energy sources, has
contributed to the allocation of renewable energy into a separate area of science and technology. On
the territory of Turkmenistan, it is most relevant to consider the use of solar energy as such energy
resources.
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Researches and methods

Zoning was carried out according to the average data on the total solar energy coming to the
surface of an optimally oriented solar panel on the territory of the country for the administrative
regions of Turkmenistan. In calculations, the angle of inclination of the solar panel directed to the
south is f# = 36°. The spatial distribution of annual values of total solar energy (expressed in kWh/
m?) of any region of Turkmenistan is presented on the corresponding map, i.e. in the solar energy
cadaster. According to this cadaster, 5 zones are allocated on the territory of Turkmenistan with the
corresponding distribution of annual values of total solar energy, such as 1 zone with 1870-2000
kWh/m? year, II zone with 1850-1870 kWh/m? year, III zone with 1800-1850 kWh/m? year, IV zone
with 1750-1800 kWh/m? year, V zone with 1630-1750 kWh/m? year (Jumayev, 2022).

Turkmenistan has created a regulatory and legal framework for the development of renewable
energy. The main measures to reduce CO, emissions in Turkmenistan will be implemented in
accordance with the National Strategy of Turkmenistan on Climate Change approved by the Decree
of the President of Turkmenistan (National Strategy of Turkmenistan), the National Strategy for the
Development of Renewable Energy until 2030 (National Strategy) and the Law of Turkmenistan «On
Renewable Energy Sources» (Law of Turkmenistan).

Forecasting and controlling the generation of energy by a grid or stand-alone PVSS based
on calculations and measurements is, taking into account capital costs, one of the most important
components of assessing the economic feasibility of building a PVSS. Used calculation methods are
given in Table 1.

Table 1

Design stages and calculation methodology

Design stage Calculation formula Accepted options
Stage 1 — > N n=0,8;
calculation of F..= 77_;’ Py, = Zizll)oc,i’ n=1,0;
g‘i}g g[ power of At, = 14h (from 6.00 to 20.00) — summer,
By=max{Fy;}.VJ LM 4" _ g (from 8.00 to 16.00) - winer
Stage 2 — P, P, At = 10h — summer,
calculation of a AC = U Aty = U (24 —At, ) > | At_=16h— winter,
battery capacity H H S =70%
Cy—C., AC P Y
S, = —H__—min 100% =——100%,
H H
100 P
Cp=— M A,, I, :i,
S, Uy U,
C
w=C,U,., n_ﬂj m=—1
Uab Cab
100 P,
N=nm, N=——1,
P VVab
Wab = CabUab’
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calculation of

solar station

efficiency auton.

A Bnn,

P, Bmn,+P,

S

[]H :@ PH AtHB’ ACI =iAtl,
Sp mCab UH
AC, = imp AC=AC, +AC,,
UH
100
C, = W(PHIAt1 +P,AL).
p_ H

Stage 3 — P,=nl U . =1375nl U |1.Charging at constant current is carried

calculation of out with a current equal to 10% of the rated

the power and capacity in a 20-hour charge mode. The

charge maximum value of the charging current is
from 0.2 to 0.3 of the battery capacity.
2. When charging at a constant voltage, the
degree of charge of the battery at the end
of the charge directly depends on the value
of the charging voltage. Within 24 hours
of continuous charging at 14.4 'V, a fully
discharged 12-volt battery will be 75-85%
charged. At a voltage of 15V by 85-90%,
and at a voltage of 16V — by 95-97%. Fully
charge a discharged battery within 20-24
hours. It is possible at a voltage of 16.3-
16.4V.
U, =12W, 1 =0,2C/lhours,
Umaxchar: 16,5W.

Stage 4 — P n, — efficiency of a pulsed DC voltage

calculation of P,=P+—£ converter of a step-down type type,

power main tire U5 1, — Efficiency of the charger

Stage 5 — k=0,5 — summer,

calculation of P, = h = i + i , k=0,7 — winter.

power solar m M,

batteries W =kWP, /1000

Stage 6 —

Stage 7 —
selection of an
autonomous
inverter

The entire total load of the devices
connected to the inverter, increase by at
least 30 %

Research results

As a result of scientific and experimental research conducted by the scientific employees of
the research and production center «Renewable Energy Sources» of the State Energy Institute of
Turkmenistan, the effective areas of application of various types of photovoltaic solar stations in
the field of renewable energy, the optimal modes of operation of these stations were identified. Pilot
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projects of industrial solar stations have been developed on their basis. As an example, consider pilot
projects of industrial solar stations with a capacity of SOMW and 8MW (Jumayev, Atayev, 2022).
Photovoltaic solar stations (PVCC) with a capacity of SMW located in the Balkan Region, in average
will generate about 12.846 million kWh of energy in the course of the year and PVSS with a capacity
of S0OMW located in the Mary Region in average will generate roughly 90.934 million kWh of energy
in the course of the year.

It is known that solar power plants are effectively used today in power supply systems in three
main «scenarios»:

— work in a large power system (on grid);

— work in the local power system (off grid):

— work for a local or autonomous consumer (off grid)

Pilot projects of industrial solar stations with a capacity of SOMW and 8MW are developed for
solar panels with a capacity of 250W. The main technical parameters of a photovoltaic plant with
various capacities operating in a large power grid (off grid) are shown in table 2.

Network construction in the territory of Turkmenistan in the near future will be carried out as
part of the implementation of the National Strategy and large investment projects and for the purpose
of exporting electricity. These measures will not have a significant impact on residential consumers
(electricity tariffs do not change). Let us consider the possibility of placing the PVSS in remote areas
from the central power supply system, initially for the option of installing the PVSS in a private
rural house. When designing an autonomous PVSS, you first need to make a list of all electricity
consumers, find out their power consumption, voltage and make a list (table 3 and table 4). Summer
and winter time daily changes in the electrical load for a residential building located in a rural area
are shown in the Figure 1 and 2, respectively. According to the first design stage, the maximum load
during the day is P = 1862.5 W, and that value is used as a maximum load to calculate PVSS power.

P;/P

max
F 3

0.9
0.8
0.7
0.6
B summer
0.5
0.4
0.3

0.2

0.1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 t, h

Figure 1. Total energy consumption per day (in summer time)
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Figure 2. Total energy consumption per day (in winter time)
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