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PE®EPAT

Maricrepcbka AucepTallisi BUKOHaHa Ha 74 apkymiax, sika MicTuTh 20 PUCYHKIB,
15 tabGauiib, 8 MUCTIB rpadivyHOl YaCTHUHU, 28 JIITepaTypHUX MOCHIIaHb Ta 2 TOAATKH.

AKTyanabHicTh TemHu — Yepe3 mBuakuil po3BuTok B/IE Ta BcTaHOBIEHHS iX SIK
JIPT" y PEM, BuHHKae HEOOXiIHICTh y TOCTIHHOMY aBTOMATHMYHOMY KepyBaHHI
€HEProCUCTEMOIO JJIs 3alI00IraHHs MOPYIIECHHS JOIMYCTUMOTO PIBHS HAMIPYTH.

Meta pociaigkenHss — po3pobutu cucreMmy ynpasiainaa HE nns perymroBanus
3HAYCHHS HAMpyrd By3Ja, JC CJICKTPOCTaHIlS miakiaoueHa Ha 0a31 BJIE 3 6imokom
HAKOIMMYEHHS eJIEKTPOEHEePrii Ta JOCIIIKEHHS Horo BIUIMBY Ha Hanpyry PEM.

O0’exT mociaimkenns — Pexxumu podotu PEM npu napanensHiii po6oti JIPI" 3
kepoBanum HE.

IIpeamer pocaimxenns — [1iaxia 10 perynaoBaHHs HAIPyTH By3ja M1IKIIOYEHHS
tepminany JIPI" 3 kepoanum HE.

PesyabTatn podoTH — Ha 0a3i jnociimkyBaHoi oOmacti JPIT - mocmimkeHHs
BummBy jkepen JIPI' 3 HE y PEM.

Pexomenaanii (mpakTHyHe 3HA4YeHHSl OJEP:KaHUX Ppe3yJbTaTiB) — L0
PO3pOOKY MOXKYTh BUKOPHUCTOBYBATH IHXKEHEPH1 OpraHizailii JJjisi CTBOPEHHS HOBHX
MPUCTPOIB JJ1s1 aBToMaTu3atii kepoBanux HE.

Iy6aikamii 3a Tematukorw pocaimxens. - " JJOCJI/KEHHA POBOTU
KEPOBAHOI'O HAKOITMUYYBAYA EJEKTPOEHEPITT vV PO3IOJIJIBHIN
EJIEKTPMYHIN MEPEXI" B MixkHapOJHOMY HayKOBO-TEXHIYHOMY 5KypHAJIi MOJIOIMX
BUYEHUX Ta aCIIPaHTIB.

Karouosi caosa: BIJIHOBJIEHHI JDDKEPEJIA EHEPI'ETUKH, JIKEPEJIA
PO3IIOJUUIEHOI'O I'EHEPYBAHHA, BITPOBA EJIEKTPOCTAHILIIA,
PEI'YJIIOBAHHS HAITIPYTU, PO3TIOAIJIBHA EJIEKTPUYHA MEPEXA



ABSTRACT

The master’s thesis is completed on 74 pages, 20 drawings, 15 tables, 8 graphics
sheet, 2 appendices and 28 links.

Topicality of the topic — Due to the rapid development of RES and the
establishment of them as DGS in the DG, there is a need for continuous automatic
control of the power system to prevent disturbance of the permissible voltage level.

The aim — to develop control system of the ESU for regulating the voltage value
of terminal where power plant is connected based on a RES with a power storage unit
and investigating its effect on voltage in a DG.

Object of study — Modes of operation of the DG within connection to a parallel
operation of a DGS with a controlled ESU.

Subject of research — Approach to the regulation of the voltage of connected
terminal by the DGS with a controlled ESU.

The results of the work — on the basis of the studied area of the DGS, a study of
the influence of sources of DGS with energy storage on the DG.

Recommendations (practical meaning of the results obtained) — this
development can be used by design organizations to create new devices for automation
of ESU.

Research publications: - "RESEARCH OF CONTROLLED ELECTRIC
POWER STORAGE IN THE DISTRIBUTION ELECTRICAL NETWORK" in the
International Scientific and Technical Journal of Young Scientists and Aspirants

Key words: RENEWABLE ENERGY SOURCES, DISTRIBUTION SOURCES
OF GENERATION, WIND POWER STATION, REGULATION OF VOLTAGE,
DISTRIBUTION GRID
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LIST OF CONDITIONAL ABBREVIATIONS

RES — renewable energy sources;

DGS — sources of distributed generation;
DG — distribution grid,;

ESU — energy storage unit;

WPP — wind power plant;

UES — united electricity system;

RE — renewable energy;

PS — power system;

REP — regional energy plan;

WT — wind turbine;

RPA — relay protection and automation;
RB - rechargeable batteries;

HERB — high energy rechargeable batteries;

HHPF — hazardous and harmful production factors.
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INTRODUCTION

Since the last century, the world energy industry has been developing according

to the scheme of increasing the capacity of power equipment and the formation of
integrated energy complexes. The largest and most powerful of which are the Russian
EEC, ENTSO-E of Europe and the UES of Ukraine. But increasingly, due to the
environmental situation and the increasing demand for electricity, the path of
development is changing. Namely, the transition to the concept of sustainable energy
development. The main link is the use of a large number of additional sources of
electricity generation, which in a general sense can be attributed to one term, such as
distributed generation (DG), and the objects of this term - sources of distribution
generation (DGS). The WG is defined as the electricity source connected to the
consumer and directly to the distribution network. [1]
Such changes are associated with the emergence of high-efficiency gas turbine and
steam plants and the development of renewable energy (RE). Of the latter, wind power
plants (WPPs), with a total installed capacity of more than 31 GW in the world, are
currently most popular. [2] Conversion of solar energy through photovoltaic panels has
become a convenient and reliable source of electricity for those consumers who are far
from industrial centers and are of small scale. It is in this direction that energy in
virtually the whole world has been moving in recent years, and Ukraine is also moving
towards creating energy independence.

Despite all the advantages that can be obtained when connecting the DRG to the
network, an important feature is their impact on the reliability of the latter, the
functioning of the RAS, the quality of electricity, and most importantly, the level of
voltage in the electrical network. For example, in [3], a model of a hybrid power plant
was proposed together with a wind and solar station in combination with an electric
energy storage. The purpose of these robots was to develop the working model, the
prototype of the station. But in turn, nothing is mentioned about the equally important
study of the consequences of connection of this model to the electrical distribution
network, the parameters of the network itself, and the approach to control are not taken

into account.
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On this basis, it becomes necessary to develop methods for regulating and

investigating the operation of the network under these conditions, which differ

significantly from typical approaches to managing it.



CHAPTER 1
MODELS OF ELEMENTS OF THE DISTRIBUTION NETWORK

1.1. Description of the distribution network
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