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DIGITIZATION OF ELECTRIC POWER SYSTEM

Abstract. In this paper a concept as the electric power industry has been considered.
According to recent developments regarding the strategy "Kazakhstan 2050", there is
brought into operation and manufacture of renewable sources of energy, which are by
nature very complex concepts. Due to the high dependence on climate and weather
conditions, renewable energy sources are very complex in terms of the operation for the
production of electrical energy. There fore, there is proposed the development of intelligent
power systems based on the concept of Smart Grid, which can guarantee a social
development, a breakthrough increase in the consumer properties of the energy system,
efficiency of operation of energy taking into account all development criteria electric
power industry in the future.

Keywords: intellectual electric power system, protection relay, electricity
transmission, renewable energy sources, digital substation.

Introduction.Power engineering is an important part of human life. It is
already impossible to imagine life without electrical energy. Such a wide
distribution is explained by its specific properties: the ability to transform into
practically all other types of energy (thermal, mechanical, sound, light, etc.); the
ability to relatively easily be transmitted over long distances in large quantities. In
industry, electrical energy is used both to drive various mechanisms and directly in
technological processes. Without it, the development of cybernetics, computer
technology and space technology would have been impossible. Electricity plays a
huge role in the transport industry. In everyday life it is the main part of ensuring a
comfortable life for people. The level of its development reflects the level of
development of the productive forces of society and the possibilities of scientific
and technological progress.

No matter how reliable are the power systems, they inevitably experience
damage and abnormal modes, which in turn can lead to accidents. At the same
time, it is necessary to manage electric power systems so that consumers do not
notice the consequences of these damages and unwanted disturbing influences. Due
to the lack of time and the need of the highest accuracy of actions in these
conditions, control is carried out automatically using automation devices and relay
protection. In the event of damage or an undesirable mode, the control of electrical
systems must be carried out according to special algorithms. This is necessary in
order to ensure normal power supply (albeit not absolutely to all) consumers, even
in extreme conditions, to prevent the development of an accident and reduce the
possible amount of destruction of damaged electrical equipment [1].

Relay protection is a huge control system, which is a set of coordinated and
purposefully acting interconnected (diverse in nature) elements and automatic
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devices. It covers almost all the main elements of the electrical power system (large
and small), from generators that generate electrical energy to consumers of
electrical energy that convert it into other types of energy. Regardless of what
principles are used as the basis for individual relay protection devices for detecting
damage, the system as a whole must accurately find the damaged elements and
separate them from the serviceable part of the electric power system. The key role
in solving this management problem is played by the logic of purposeful
interaction of devices and the parameters of their operation, which ensure the
implementation of interaction procedures. Calculations performed in order to
determine the specific values of the parameters of the actuation of relay protection
devices have the highest practical importance and form a methodological basis for
the coordination of relay protection devices in unified system [1,2].

Research conditions and methods. The actions of relay protection devices
are organized according to the principle of continuous assessment of the technical
condition of individual controlled elements of electrical power systems. The figure
shows a diagram of an electrical network containing power lines of different
voltage levels W1 - W6, transformers T1 - T4, electric motor M1, fuses F1 - F3,
switching devices and an equivalent power source Ec. Separate relay protection
devices (RPD) installed on the elements of electric power systems (generators,
transformers, power lines, electric motors, etc.) are combined into unified relay
protection system with a common purpose of functioning [2].

F1

T2

1 [

Figure 1. An example of an electrical distribution network diagram with relay
protection devices

In accordance with this principle, individual relay protection devices (for
example, RPD-1 - RPD-13) are functionally interconnected practically only by a
common logic of actions. [Ipuuém kaxkmoe yCTpOHCTBO peneidHON 3aIliuThl s
JIOKAJTU3AIMHU MTOBPESKICHUS MOKET BO3ICHCTBOBATh TOJHKO HA KOMMYTAIIMOHHBIC
anmapaThbl TOro 00beKTa, Ha KOTOPOM OHO YCTaHOBJICHO.

It should be noted that the relay protection system, as a rule, includes devices
that are not only different in the principles of damage detection, but also different
in the way they influence the controlled object. So, both the most complex
multifunctional relay protection devices acting on circuit breakers and other control
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devices and the simplest protective devices (for example, fuses), in which the
functions of identifying and switching a damaged electrical circuit are combined,
should obey an unified logic of actions. In the figure, fuses F1, F2, F3 are shown in
the supply circuits of transformers T2 - T4. In some cases, RPD form only light
and sound signals, and the separation of the damaged element from the serviceable
part of the electrical network can be done manually by operating personnel [3].

The coordination of actions of devices located at significant distances from
each other, as a rule, is achieved due to certain triggering parameters (without the
use of physical communication channels). These parameters mainly determine the
accuracy and efficiency of the entire relay protection system. In turn, this
determines the survivability of electric power systems and the degree of risk of
developing emergency situations when damage occurs.

Logic links work in all conditions and are not affected by external electrical
and electromagnetic interference. Largely due to this property relay protection has
the highest degree of reliability.

In the Address of the President of the Republic of Kazakhstan-Leader of the
Nation N.A. Nazarbayev in december 14, 2012 was presented "Strategy"
Kazakhstan - 2050: a new political course of an established state ", in the section"
Green "economy and the environment" the goal is to achieve 50% of the share of
alternative and renewable energy use by 2050. In general, in the electric power
industry, according to the concept, it is planned to achieve the total share of
alternative and renewable energy sources in the amount of 30% by 2030.

Research results. The impetus in the development of smart grids was the
large-scale use of renewable energy sources, which are characterized by the
inconsistency of electricity generation, both in time and in power. All this caused
additional difficulties in the regulation of power and "power flows" in the electrical
network. As a result, a new concept of power grids was needed, which would be
able to ensure social development, a breakthrough increase in consumer properties
and energy efficiency, taking into account all the factors of the development of the
electric power industry in the future. This concept has become Smart Grid.

Renewable energy sources (wind and sun) are driven by weather and climate
conditions, which makes managing and distributing electricity even more
challenging. As a consequence, the stability of networks in terms of voltage and
frequency is affected [4].

The integration of consumer-grade renewable energy sources (typically
small wind turbines and rooftop solar modules), storage and distributed generation
of electricity, electric vehicles and autonomous power grids have significantly
changed the face of the modern power supply system.

One of the most important advances over the years of smart grid operation is
the reversal of roles: consumers are now producing consumers.

In technical terms, an intelligent grid is a combination of power lines of all
voltage classes, active devices for electromagnetic conversion of electricity,
switching devices, protection and automation devices, information technology and
adaptive control systems. When creating it, modern control facilities, new
diagnostic systems and high-speed information transmission systems should be
used [5].

Intensive data exchange, when specially designed information and
communication platforms manage information flows between participants in the
electrical system, helps to avoid problems, control power generation and regulate
network loads.
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The innovative development of the electric power industry today is
characterized by the unification of power grid and information infrastructures at
network nodes - digital substations. A digital substation (DSP) is an element of an
active-adaptive (intelligent) power grid with a monitoring, protection and control
system based on the transmission of information in digital format. DSP technology
makes it possible to reduce the cost of construction of substations, reduce their
size, increase reliability and, ultimately, improve the quality of power supply to the
consumer without increasing the cost. This, in turn, gives an increase in noise
immunity, a reduction in the number of equipment, secondary switching circuits
and space savings. DSPs can be built faster and easier to develop standard projects
for replication [3].

With the advent of the first microprocessor-based relay protection devices,
information from them also began to be integrated into Automatic Transformer
Substation Control Systems(ATSCS). Gradually, the number of devices with
digital interfaces increased (emergency control systems, power equipment
monitoring systems, DC switchboard monitoring systems and auxiliary needs,
etc.). All this information from the low-level devices was integrated into the
ATSCS via digital interfaces.

The transition to qualitatively new automation and control systems turned
out to be possible with the emergence of new DSP standards and technologies,
which, first of all, include the specially developed IEC 61850 standard. Unlike
others, it regulates not only the issues of information transfer between individual
devices, but also issues formalization of the description of circuits - substations,
protection, automation and measurements, device configuration. This standard
provides for the possibility of using new digital measuring devices (including those
with a digital optical output) instead of traditional analog meters (current and
voltage transformers). For example, digital instrument transformers transmit
instantaneous voltages and currents via the IEC 61850-9-2 protocol to bay-level
devices. As a result, IT makes it possible to move to the automated design of DSPs
controlled by digital integrated systems, and here there will be analogies with
control systems from the ICT industry.

All information connections on the DSP are digital and form a single process
bus. This opens up opportunities for fast and direct exchange of information
between devices, which ultimately allows you to abandon the mass of copper cable
connections, individual devices, and also achieve a more compact arrangement. So,
the main feature of the DSP is that all its secondary circuits are digital data
transmission channels that form a single information network (data transmission
network).

Discussion of scientific results. Thus, the DSP is based on a unified
telecommunications infrastructure based on modern technologies. The main idea
inherent in the DSP ideology is to monitor all processes as close as possible to
information sources, transfer the received data to all subsystems via fiber-optic
communication lines and virtualize most of the functions performed at the
substation [5].

To compare the "past" and new technologies, we can provide approximate
calculations for the equipment of a "traditional" substation and a DSP similar in
terms of tasks. In the first case, 150 km of copper cable, 100 automatic control
cabinets, 900 m® of area will be required, and the total cost of equipment and
installation is about 2,400 million tenge. The second option requires 15 km of
fiber-optic cable, three protection and control cabinets (double redundancy of the
same server), 150 m” of area and total costs - about 960 million tenge. Well, if we
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consider that remote monitoring and everything else in the DSP can be handled by
one operator with a tablet PC, it is not difficult to imagine the overall benefit in
terms of capital and operational investments [5,6].

Conclusion. The mass implementation of digital substation solutions based
on the standards of the IEC 61850 series has begun in the world, intelligent grid
control technologies are being implemented, which indicates the relevance of
research work on the study of signal transmission over the station bus and the
Process Bus according to the IEC 61850 08-1 GOOSE and IEC 61850 09-2
protocol between intelligent - electronic relay protection and automation devices
from manufacturers of different companies".
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B.N. AmutpuueHko, H.T. Omup3sakos, b.b. Uckakos
HAO «AamamuHcKuli yHUsepcumem sHep2emuKu u ceasu», 2. Aamamel, KazaxcmaH
LUMNdPOBU3ALIUA SHEPTOCUCTEMbI

AHHOTauma. B pgaHHOW cTaTbe OblIO  PAacCMOTPEHO TaKoe MOHATUE KakK
3NeKTpo3HepreTMka. CornacHo HegaBHUMM COBbITUAM, Kacalowwmxca ctpaternm «KasaxctaH
2050», BBOAATCA B 3KCNAyaTauMiO M MNPOU3BOACTBO BO30OHOBASEMbIX WMCTOYHMKOB
SHEepruu, KoTopble ABAAIOTCA NO MNPUPOAE OYEHb CNOXKHbIMM KoHUenuuamu. M3-3a
60nbLION 3aBUCMMOCTU OT KAMMATa U NOroAHbIX YCN0BUIM, BO3OOHOB/IAEMbIE UCTOYHUKM
SHEepPrMM ABNAIOTCA OYEHb C/IOKHBIMW B MJIaHe 3KchJyaTauun pas npous3BOACTBa
3NeKTpuyYeckon 3sHeprun. C 3TOM LEeNbio nNpeasaraeTca pPasBUTUE WHTENNIEKTYaNbHbIX
3HeprocucTteM Ha OCHOBe KoHuenuun SmartGrid, KoTopas cnocobHO rapaHTUpPOBaTb
obuiecTBeHHOe  pa3BUTME, MPOPbLIBHOE  MOBbIWEHWE NOTPEOUTENBCKMX  CBOMCTB
sHeprocuctembl, 3PpPEKTUBHOCTU 3IKCM/yaTauuM 3SHEPrUU  YYUTbIBAs BCE KpUTEPUM
pPa3BUTUA 3IEKTPOIHEPreTUKM B ByayLuem.

KnioueBble cnoBa: WHTENNEKTYa/lbHAA 3HEProcucTema, penerHas 3almTa,
aNeKTponepenaya, BO30OHOBAAEMbIE UCTOYHWUKMN 3HEPTMU, umbpoBasa NOACTaHLMA.
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B.N. AmutpuueHko, H.T. Omup3sakos, b.b. Uckakos
«Amamesl 3Hep2emMuKa yoHe batlinaHsic yHusepcumemi» KEAK, Aamamelk., KasakcmaH
3HEPIUA }KYMECIH LUOPNAHABIPY

AHHOTaumA. byn Makanaga 3NeKTpPIHepreTUKa TYCiHir, TyXblpbiMgamacsl
KapacTbipbingpbl. «KasakcTtaH-2050» cTpaTernacbiHa KaTbiCTbl COHfFbl KAaHANbIKTapAbl
ecKepe OTbIPbIM, *KaHAPTbIIATbIH SHEPruA Ke3aepi KoAAaHbICKa eHridingi, 6yn taburatbl
eTe KypZeni yfbimaap. KnnmaTtTblK KoHe aya paibl KaFfdalblHa Tbifbl3 6alinaHbICTbI
60/1ybIHbIH, apKaCbliHAA aHAPTbINATbIH SHEPrUA Ke34epi 3NEKTP SHEPTUACbIH OHAIPY YLUiH
eTe Kypaeni. Ocbl maKkcaTTa 6ofallaKTa 3NEKTP 3SHepreTMKacblH AamMbITyablH, 6apAbiK,
KpUTEPUIEpiH ecenKke ana OTbIPbIN, KOFAaMAbIK AaMyAbl KamMTamacbl3 eTyre Kabinetri
Smart Grid TyXKblpbiMAamacbiHa Heri3genreH WHTeNNeKTyanapl KyaT Ke3aepiH AambiTy,
3HepreTUKasblK KYMEHIH, TYTbIHYLWbIIbIK KacMeTTepiH cepniHAj apTTblpy KoHe 3Heprua
THimainiri kesgenidingi.

TipeK ce3pep: WMHTENNIEKTyanabl SHEPrua XKyneci, penenik KopfaHbIC, KyaT bepy,
YKaHaPTbINATbIH 3HEPrua Ke3aepi, LMPPAbIK KOCanKbl CTaHLMA.

96



