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Recently, there has been a rapid pace of implementation of decentralized elec-
tricity supply to consumers, both in Ukraine and in the world. Decentralization of
consumers is due to the use of renewable power sources (RPS) such as sun, wind,
water, etc. But an increase in the share of such sources leads to complicated sched-
uling of operating modes of power systems (PS), and their live management [1].

This is due to the fact that most RPSs have a probabilistic nature of work.
At present, the cost of construction and implementation of RPS is quite high, there-
fore, the payback period of such power stations can be 10-25 years, therefore, there
Is state support for the development of renewable energy, which stimulates research
into the design and operation of RPS in order to increase the level of energy securi-
ty of the country and reduce the impact of energy on the environment [2-3].
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However, issues related to the transportation of electricity generated by RPS and
the operation of district electrical supply networks (DESN) in new operating cond i-
tions often neglected at the design stage of RPS and the choice of their place of
connection to electrical supply networks (ESN).

Lack of the design and operation investigation of RPS in modern conditions,
their influence on the modes of ESN operation, the inconsistency of the nominal
parameters of the main equipment with the needs of such sources, the absence of
typical decisions regarding the means of protection and automation of the process
of electricity production does not allow to make informed design decisions during
their development, in addition, it does not allow them to be effectively operated [4].

Therefore, the development of methodical, informational and technical mainte-
nance of their exploitation is relevant. An important aspect in this direction is the
composite nature and methodological unity in decision-making regarding the im-
provement of operational characteristics of RPS in their work in power grids.

When designing a scheme for the electricity supply from the source to the final
consumer, it is necessary to coordinate their work with the power system from
which the centralized power supply is carried out. Such a scheme should meet both
the requirements of reliability, in order to ensure a stable supply of electricity, and
ensure the connection of the source as close to the centre of electricity consumption
as possible, which will ensure a minimum of electric loss for its transportation [5].

1. Distribution of electric loss between substations of the electrical supply
network

The calculation is made in the program « VTRATY (LOSS)-10/0,4 DPS» for the
calculation of the electric loss of the existing network, allows to carry out a graph-
ical analysis of the electric loss distribution between substations of the electrical
network (Figure 1).

A graphical analysis of the distribution of electric loss between feeders of the
substation is carried out. This made it possible to identify the most loaded feeders
of each of the four substations, to which later the wind turbines were connected.
The wind turbines of the Vestas company (Denmark) were selected for calculations,
with the following rated power: 100 kW, 200 kW, 500 kW, 660 kW, 850 kW.
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Fig. 1. Distribution of electric loss between substations
of the electrical supply network

After connecting a 100 kW wind turbine to the Feeder 24 of the Zinkiv substa-
tion, the power losses decreased by 174548,7, but since after the addition of wind
generators with a power of more than 100 kW there is an increase in electricity
loss, therefore the installation of higher-power wind turbines at this node is less ex-
pedient. The calculations for the remaining substations are given in Table 1.

Table 1
Results of electric losses calculation at a substation before
and after the connection of wind turbines.
Loss
before | 4 5 kew | 200 kw | 500 kw | 660 kw | 850 kw | N°% | Eeeder
RPS number
connection

277332,4 |102783,7| 1411329 | 1682925 | 191370,7 | 2168531 | cts 257 24

719039,3 | 70785,5 | 96546,1 | 2778675 | 436527,2 | 691555,7 | cts 253 41

515822,3 | 4103152 | 4174764 | 463256,3 | 4939366 | 4727489 | cts 305 13

475543,6 | 266707,6| 245610,0 | 414848,5|615118,5| 866099 | cts 168 33

Further, the dependence of the electric loss on the power generation of the
connected substation feeder was constructed:
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Fig. 2. The dependence of electric loss on the generation capacity
of the feeder connected to 24 PS 35/10 «Zinkiv»

2. Calculation of the efficiency of using the installed capacity of renewable
energy sources according to a complex criterion in DESN on the example of
Vinkivtsi DESN

The calculation was carried out with the help of the software complex of the
analysis of electric loss and the formation of saving measures in distributive electric
supply networks with the distributed generation « VTRATY (LOSS)-10/0.4 (DPS)».

The numerical value of the total return on operation of the RPS for the day con-
nected to the parallel work to the Vinkivtsi DESN can be written as follows:

Profit™ =3 price; -P[™ -k, T,
@

where Profit™ — the total value of the profit from the operation of RES, 1; — the
price of electricity produced by the wind farm in accordance with the «Green Tar-
ift», where k,; — the coefficient of RES use, taking into account the probabilistic
nature of the wind, T — time.

The resulting value of total profit may vary depending on the weighting factors
k1l and k,. These coefficients and expediency of stating k; = 0,288 relative units
(RU) and k, = 0,163 relative units (RU) were taken from the dissertation of Ma-
logulko Yu.V.

Consequently, the numerical value of the total revenue from the operation of the
Wind generator during the day connected to the parallel work to the Vinkivtsi
DESN according to (3.3) can be written as follows:

RES

Profit™ =2 price; -P/"™ -k, -T =315.7/100-850-0.8- 24 = 51520(UAH).
j=1
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Thus, non-compliance with normative power loss reduces the total profit from
the operation of the Wind turbine connected to the feeder number 33 of Substation
35/10 «Dashkivtsi» by 23%.

As canbe seen from the results of the study, the connection of a 200 kV wind tur-
bine to the feeder number 33 of the Dashkovskaya substation is optimal. An increase
in installed capacity leads to a possible decrease in the voltage quality, which worsens
the conditions of the operation of the local electrical supply network.
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Fig. 3. The dependence of the target function of the problem of determining
the optimal installed power of the Wind generator for feeder number 33
of Substation 35/10 «Dashkivtsi» from the generation capacity
of the Vinkivtsi connected to the DESN

Conclusions. As a result of the research it was discovered that if we install a
wind turbine at the most loaded feeder of each of the substations, we will receive a
reduction of electric loss, but with certain restrictions on the nominal power of in-
stalled generators, because at reaching a certain upper limit on the power of the in-
stalled generation, there is an increase in electric loss.

The calculation was carried out with the help of the program complex of the
electric loss analysis and the formation of energy saving measures in Distributed
Electric Networks with Distributed Generation « VTRATY (LOSS)-10/0,4 (DPS)».

The numerical value of the total profit from the operation of the wind turbine for
the day connected to the parallel work to the Vinkivsky DESN was obtained; the
target function of the determination of the optimum installed power of the Wind
generator for the feeder number 33 of «Dashkivtsi» Substation 35/10 was calculat-
ed. Having obtained the numerical values of the target function, it was found that
when the installation of 200 KW wind turbine total losses amounted to 7.22%, when
installing 850 kW wind generator due to non-compliance with the standard specifi-
cations of power loss, and the standard for fluctuation of power, the total returns
from the operation of the Wind generator connected to the feeder number 33 of
«Dashkivts» Substation 35/10 decreased by 23%, and the total loss amounted to
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21.54%, therefore, as it is evident from the results of the study, it is optimal to con-
nect a 200 KW wind turbine to feeder number 33 at «Dashkivtsi» substation. An
increase in installed capacity leads to a possible decrease in the voltage quality,
which worsens the operating conditions of the local electrical supply network.

References:

1. S. O. Kudria. Status and prospects for the development of renewable energy in
Ukraine (based on the materials of the scientific report at the meeting of the Presid-
ilum of the NAS in Ukraine 7 October 2015). Visnyk Natsionalnoi akademii nauk
Ukrainy. 2015, Ne 12. P. 19-26. Online: http://nbuv.gov.ua/UIRN/
vhanu_2015 12 6.

2. Kudria S.0O., Budko V.I. «Introduction to specialty. Alternative and renewable
energy» — electronic course of lectures. Kyiv: National Technical University of
Ukraine («KPI»). 2013. P. 360.

3. Burykin O.B. Optimization of the local electrical systems mode with renewa-
ble energy sources [Text] / Burykin O.B., Malohulko Yu.V. Scientific works of
DonNTU. Series «Electrical engineering and electrotechnology». 2013. Ne 2.
Vol. 15 (338). P. 42-46. ISSN 2074-2630.

4. Lezhniuk, P., Kulyk, V., Burykin, O., Rubanenko, O., Malogulko, Yu. (2018).
Optimization of the functioning of the renewable energy sources in the local elec-
trical systems. Vinnitsa. Monograph. VNTU. P. 124.

5. Burykin O.B. Optimal control of renewable energy sources in local electrical
systems [Text] O.B. Burykin, Y.V. Tomashevsky, Y.V. Malohulko,
N.V. Radzievska. Visnyk Vinnitsa Polytechnic University. 2016. Ne 4. — P. 69-74.
ISSN: 1997-9266.

HANIPSIMKHA PO3BUTKY MOBLJIBHUX POBOTIB
TOBLJIBHOI OPIEHTALII B MTIPOCTOPI

Hoaimyxk M. M.
KaAHOUOam mexHiuHux HayK, OOy eHm,
ooyenm Kageopu mexHiuHoi KibepHemuxu
Hayionanvnuu mexuiunuu ynisepcumem Ykpainu
«Kuiscoxuti nonimexuiunut incmumym imeni l2ops Cikopcoko2oy
m. Kuis, Yrpaina

IIportec eBorONIl TEXHIYHUX CUCTEM B 00J1aCTi MAIMHO3HABCTBA M MAIIMHOO y-
JyBaHHsI, SIK MPaBWJIO, MPUBOJMB O BUHUKHEHHS HOBHUX 3aCO0IB BUPOOHHUIITBA.
He3Bakaroun Ha Te, MO IO APYToi MOJOBUHM XX CTOJITTS HAYKOBO-TEXHIYHOIO
JIYMKOIO CTBOPEHI JIOCUTbH HaJliliHI 3aCO0U MOJI0JaHHs TpaBITAI[IiHOT CWJIM Yy BHU-
IJISAI1 BCTaTKyBaHHS JHTAILHOTO I PEAKTUBHOIO XapakTepy, 37aTHOTO OyTu
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