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Introduction. Development of computer technologies and Internet capabilities, emer-
gence of achievements in the field of information and grid technologies, information and con-
trol systems based on microprocessor and power electronics, and on the other hand — the de-
velopment of market relations in the economy caused a qualitative leap in energy efficiency
and became a prerequisite for the development of a new kind of energy — intellectual. The
concept of “smart efficiency”, which reflects the intelligent interaction of pricing, production
processes and efficient use of resources, has become widespread, embodied in the energy
concept of “Smart Grid”. Instead of the extensive development that Ukraine’s economy has
been moving through for decades, the energy sector should move to effectively ensure sus-
tainable economic development. [1].

The purpose of the article. The purpose of the article is to analyze modern strategies
for the development of existing information and energy systems. The task of the work is to
review the methods of development and problems of theoretical research on ways to improve
information and energy systems and grids.

Analysis of the power system of Ukraine. Ukraine’s Unified Energy System (UUES)
is the backbone of electricity that provides domestic and foreign electricity supply outside the
country.

The UUES combines generating capacity and distribution grids of regions connected
by 220-750 kV transmission power lines (TPL). The production of electricity in the UUES is
carried out by 14 thermal and eight hydraulic power plants, which are part of 6 state and pri-
vate joint-stock power generating companies subordinated to the Ministry of Fuel and Energy
of Ukraine, and four nuclear power plants (NPPs), which are part of NNEGC “Energoatom”.
The management of the UUES and the regimes of the grid is carried out centrally by the state-
owned enterprise of NEC “Ukrenergo”.

Developments in the information and energy sector of Ukraine can be divided into two
classes:

a) channel solutions — which involve the use of separate components for the joint
transmission of information and energy. They provide only joint information and energy
transmission without intelligent management and redistribution of energy resources;

ISSN 2078-5364 (print). IHmeaposaHi mexHoroeii ma eHepao3bepexeHHs1 3’2020 75
ISSN 2708-0625 (online)



CUCTEMMU YTIPABJIIHHSI TA OGPOBKU IHOOPMALJIT

b) grid solutions — which, in addition to transmission functions, provide for intelligent
control and redistribution of both information and energy flows, which are actually geoinfor-
mation-energy systems of the highest level.

The first group includes HomePlug and HomePNA standards based communication
systems for the transmission of ~ 220V AC power lines.

These standards can provide savings on the creation of information grids due to the
absence of the need to create a physical medium of information transmission.

An “intelligent” electricity grid is a fully automated system that provides two-way
flow of electricity and information between energy sites throughout the area (as defined by
the US Department of Energy) [2, 3].

The “intelligent” electrical grid combines two grids — electrical and information-
control, which interact and function at the same time. At the same time, the control of each of
this electrical grid devices is carried out with the help of intelligent devices, integrated into a
single information and control grid [4-6].

Basic principles of building intelligent grids. The key principles for building and
further expanding smart grids are plug-and-play and peer-to-peer integration of smart meter-
ing devices for the regulation, electricity storage and consumption of loads and cloud comput-
ing devices.

Plug and Play (PnP, “on” and “off”) is a technology designed to quickly identify and
configure devices on your computer and other technical devices.

UPnP (Universal Plug and Play) technology, a universal automatic setup for grid de-
vices, 1s gaining ground. This is a peer-to-peer architecture between PCs and smart devices
that automatically connects such devices to each other, making more grid accessible to more
users.

Peer-to-peer (P2P) is a variant of system architecture that is based on grid of equitable
nodes. Elements of a P2P computer grid can communicate directly with each other, unlike
traditional architecture, when only certain categories can provide certain services to others.
There is no concept of clients or servers in the P2P grid, only the level nodes that function si-
multaneously with other nodes in the grid.

Cloud technology is the technology of online access to server resources and the use of
software by Internet users. Cloud computing is increasingly evolving.

The integration of information technology and management systems makes it possible
to create new forms based on the provisions of Smart Grid:

e equipment Health Center — Generation of fixed assets management systems;

e substation self-renewal — a unified system of managing the fixed assets of the en-
terprise, mobile repair crews, distribution of electricity and automation of the substation;

e Intelligent Grid Management Center is a system based on the D-SCADA infra-
structure (or SCADA system for the electricity distribution grid), incorporating modern con-
trol systems.

[ ]

Perspective forms and directions of development of technologies “Smart Grid”.
Basic technologies of “intelligent” electricity:

e  Monitoring and diagnostic systems (WAMS);

e  Unified power flow control systems (UPFC);

e Flexible transmission technologies on alternating current (FACTS, FACDS);
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e Flexible AC distribution systems (FACDS);

e High-voltage direct current systems (HVDC) or with superconducting materials.

Creation of energy clusters — energy districts, which have common features, which,
according to the modes of operation of the power system, provide remote flexible control of
parameters by control of switching devices, which change the grid topology and conduct an
assessment of the technical condition.

The scope of CE devices designed to generate predetermined levels of active and reac-
tive power and improve power quality is being extended. The scope of the first device group
is FACTS-based supply systems. The scope of the second group of devices, known as the
Custom Power System (CUPS), focuses on end-user electricity distribution systems.

Electricity distribution systems can be distributed using CE devices:

e devices for ensuring compliance of parameters and connection of dispersed
sources with transmission lines, for regulating the levels of electricity generation;

e devices for ensuring compliance of parameters and connection of power storage
systems with transmission lines to control the exchange of electricity between them;

e devices for improving the quality of electricity supply and electromagnetic com-
patibility (compensation for voltage fluctuations, asymmetry, compensation for distortion of
the voltage signal, phase shift).

Microgrid local systems include multiple sources and distribution substations, energy
conservation complexes, and electricity flow regulators. This allows you to operate both off-
line and external power. Microgrid improves the reliability of energy supply by managing the
rapid switching of consumers between local and central grids in the event of overloads and
overvoltages.

A FREEDM-based architecture for the microgrid is also being developed, based on the
concept of building a versatile ENERGY Router device that dynamically distributes energy.

Smart Grid 2.0 technology is useful when installed smart counters are providing new
pricing features and applications like Green Button.

Provide uninterrupted power supply to the facilities and integrate any power source
capable transformers with an electronic chip.

Main constructing directions of intellectual grids in Ukraine. In Ukraine, serious
technological modernization of power grids is required, with the use of voltage regulators and
power flows. Therefore, it is important to develop appropriate regulatory and technical sup-
port for the integration of dispersed energy sources, together with the creation of the Smart
Grid concept in Ukraine. Components of “intelligent” power grids in Ukraine: information
interaction of control systems; unification of energy clusters, creation of intelligent electricity
grid of Ukraine.

It is stated that the “intelligent” power grid must operate in real time. This is ensured
by a certain organization of the information grid, the topology of which is shown in Fig. 1,
where you can see that the information grid consists of two levels — local and global.

Each of these levels can also be divided into sublevels. The control center imple-
mented at each of the levels must have sufficient computing power. After all, the main task of
any control center is to ensure the smooth operation of the SCADA system (Supervisory Con-
trol and Data Acquisition) and other auxiliary software and hardware systems [7].
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Figure 1 — Topology of information grid according to the concept of “Smart Grid”

Practical implementation of the concept “Smart Grid”. The topology of the dis-
tributed “Smart Grid” electric power system of the city in is presented in Fig. 2.
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Figure 2 — Topology of the intellectual power system

Such a power system is different from the approaches that existed prior to the emer-
gence of the “Smart Grid” concept. Any electrical grid (and the grid as a whole) was designed
to be focused and peer-to-peer. This meant that there were two large classes of devices in such
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a grid: power sources and consumers of various sizes (load 1-3: big city utilities; load 4-6:
smaller suburban; load 7: countryside). In such grids, electricity was only transmitted from
sources to consumers, with one source supplying energy to several consumers. With the use
of reconciliation devices, all power sources are combined into a single grid [8].

The topology of the “intellectual” grid, which is shown in Fig. 2, in contrast to the
above, allows to integrate renewable sources of electric power of different power, as well as a
large number of consumers with different nature of load (inductive, capacitive) into a single
grid.

Thus, the main issue of practical implementation of the “intelligent” energy system
with the specified topology is the development of equipment that would allow to connect any
passive and active components to the electrical grid, to control their modes of operation, to
process large amounts of information about the state of their functioning [9].

Microprocessor subsystems can simultaneously connect to an information grid to pro-
vide the operator with the necessary information in real time. The generalized structure of
FACTS devices is presented in Fig. 3. From Fig. 3 implies that the reactive power exchange
between the device and the power system is two-way. The FACTS is more commonly con-
nected to one of the substation transformer phases. The scheme of measurement of electrical
parameters determines the nature of the load, and such measurements are made at very short
intervals.
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Figure 3 — Generalized structure of devices FACTS systems

Depending on the measurement results, the control system switches to the transmis-
sion line the source of reactive power of the opposite nature [10]. Genetic algorithms can be
used as algorithms for the operation of such systems, because they allow us to find the opti-
mal value for the function of variables of many grid parameters [11].

Alternative algorithms for functioning may be “fuzzy logic” algorithms, which can be
executed using artificial neural networks, which will simplify their configuration and increase
performance [12]. The use of FACTS devices significantly enhances the controllability of tra-
ditional power lines in real time: regulation of voltage levels; power factor correction; reactive
power compensation; regulation of transmission line capacity.

Conclusions. Thus, it should be noted that the use of sources of distributed generation
can reduce the load on the electrical grid, and be located as close as possible to consumers,
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which will reduce transmission losses. In accordance with the concept of “Smart Grid”, mod-
ern rechargeable energy storage devices, such as superconducting inductors, can be used.
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AHAJII3 CYYACHHMX CTPATEI'TH PO3BUTKY
TH®OPMAIIMHO-EHEPTETUYHUX CUCTEM

VY crarTi NpoBENEHO aHali3 ICHYIOYMX METOJIIB PO3BUTKY 1 BAOCKOHAJIEHHs iH(opma-
LIHHO-eHepreTuyHnX cucrteM. Ilpoanani3oBaHO HM3KY NMUTaHb IIOJO MEPCIEKTHB PO3BUTKY
1H(pOpMaLIIiHO-EeHEPTeTUYHUX CUCTEM Ta JIIHIN eNekTpornepeaayl. BusHaueHo, 110 OCHOBOIO
EJICKTPOCHEPIeTUKH € 00’€/lHaHa €HEePreTHYHa CHUCTEeMa, sKa 3IIMCHIOE ICHTpai30oBaHE 3a-
Oe3MeueHHs eJIEKTPOCHEPri€l0 BHYTPILIHIX CHOKMBAYIB, B3a€MOJIIE 3 €HEProCUCTEMaMU CYy-
MDKHHX KpaiH, 3a0e3Meuye eKCIOopT Ta IMIOPT elIeKTpoeHeprii. 3po0IeHO BUCHOBOK, IO 3a
OCTaHHI POKU Bce OUIbIIOT MONYAsSpHOCTI HA0YBalOTh TAaK 3BaHI “XMapHi TeXHoJIOrii” . 3 aHa-
JI13y Cy4acHOTO CTaHy €JIEeKTPOECHEPreTUYHOI raity3i clliaye, o € HeOOXIAHICTb ii MOJepHI3a-
1ii Ta BIOCKOHAJIEHHS. BiAMOBIAHO, y 3B 53Ky 3 MEPEXOJOM CBITOBOI €JIE€KTPOCHEPTETHYHOT
rajly3i Ha eHeproe(eKTuBHI TEXHOJIOT1i, OCHOBHA yBara Mae OyTH CIpsIMOBaHa HA BUBUEHHS
3B’SI3KY IMPOILIECIB Mepeiadl Ta po3NoAUTy €IeKTPOEHEPrii, a TaK0XK OB’ SI3aHUX 3 IIUM “1HTe-
JEKTyaJbHUMU BUMIPAMHU, MUTAHHSAMU POOOTH €HEPreTUYHUX PUHKIB Ta il PEryirorduX
HOpM. Bim3HaueHo, 110 31 CTBOPEHHSIM KOHIEMIIT “IHTENIEKTyaJIbHIUX MEpPEeX’ BaKIUBO PO3-
poOuTH BIANOBIIHE HOPMATUBHO-IIPABOBE Ta TEXHIYHE 3a0e3NEUeHHs IHTerparii po3ocepe-
JDKEHUX JIKepell eHeprii 3 BAKOPUCTAHHSAM HasBHUX CYYaCHUX IMPUCTPOIB CHIIOBOI €JIEKTPOHI-
KM Ta HaKOMHMYyBayiB, 10 0OYyMOBUTH CTBOPEHHS IUIaT(HOPMH KepyBaHHS MOTYXHOCTSIMH Ha
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OCHOBI CY4aCHHX TEXHOJIOT1. Bil3HadueHO, 1110 MOXJIUBICTh ()YHKIIIOHYBAHHS B PEXKHUMI pea-
JIBHOTO Yacy 3a0e3leuyeThcsl 32 PaXyHOK IMEBHOI oprasizauii iHdopmaliiiiHoi Mepexi, a He
EJIEKTPUYHO1, 10 3a0€3IMeUyeThCs 32 paxXyHOK MEBHOI1 opraHizailii came iH(popMaiiifHoi mMe-
pexi. OTpuMani pe3yabTaTH aHAI3y CBIAYATh, 110 IHPOPMALIMHUI LIEHTP KepyBaHHS MOBH-
HEH MaTH JIOCTaTHIO O0YHCIIIOBAILHY MOTYXHICTh Ta MPOMYCKHY CIPOMOKHICTh OOYHCITIOBA-
JIBHOT MEpeXi, a TaKOX pe3epBHI OOUMCIIOBANIbHI MOTYKHOCTI JuIst 3a0e3mneueHHs Oe3neper-
KOJHOTO (DYHKI[IOHYBaHHS.

KarouoBi cioBa: MepexeBl TEXHOJOTI, 1H(QOpPMAIIMHO-KEPYIOUl CHUCTEMH,
KOMIT IOTE€PHI TEXHOJIOT11, EHeProOaHICTb.
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AHAJIN3 COBPEMEHHBIX CTPATEI'HA PA3BUTUSA
NHOOPMALHNOHHO-DHEPTETUYECKUX CUCTEM

B crarbe mpoBeneH aHanM3 CyHIECTBYIOIIHUX METOJOB PAa3BUTHUS U COBEPILEHCTBOBA-
HUS UHQOPMAIMOHHO-3HEpreTuyeckux cucreM. [IpoaHanmusupoBaH psiJi BOIPOCOB OTHOCH-
TEJIbHO MEPCHEKTUB Pa3BUTHUSI UHPOPMAIMOHHO-IHEPT€TUYECKUX CUCTEM U JIMHUHU 3JIEKTpO-
nepenaun. OnpeneneHo, YTO OCHOBOW 3JIEKTPOIHEPIETUKH SIBJISIETCSI 0ObEeIMHEHHAs! YHEpre-
THUYECKasi CUCTEMA, KOTOpasi OCYLLECTBIISET [IEHTPAIM30BaHHOE 00eCIIeYeHHE IIEKTPOIHEPTH-
eil BHyTpEHHUX NOTpedUTeNel, B3aUMOJEHCTBYET C SHEPrOCUCTEMAMHU COIIPEAEIbHBIX CTPAaH,
o0OecrieunBaeT SKCIOPT U UMIIOPT AIeKTposHepruu. CrienaHn BbIBOJ, YTO 32 MOCJEIHUE TOIbI
BCE OOJIBIIIYIO MOMYJISIPHOCTh MPUOOPETAIOT TaK Ha3biBaeMble ‘o0iadnble TexHojoruu . U3
aHaJIM3a COBPEMEHHOI'O COCTOSHMS JJIEKTPOIHEPIeTUUECKON OTpaciau CIeAyeT, YTO CYyIEeCT-
BYET HEOOXOJIMMOCTh €€ MOJIEPHU3AIMH U COBepIIeHCTBOBAHUA. COOTBETCTBEHHO, B CBSI3H C
[IEPEX0/I0M MUPOBOI 3JIEKTPOIHEPreTHUECKON OTpaciiv Ha S3HEProd3PeKTUBHBIE TEXHOIOTHH,
OCHOBHOE BHUMAaHHE JIOJDKHO OBITH HAIlpaBJICHO Ha M3y4YEHHE CBSI3U IMPOLIECCOB Iepefauu U
pacnpeiesieHus: AEKTPOIHEPTUH, a TAK)KE CBSI3aHHBIX C OTUM “UHTEIUIEKTYaJbHBIMU H3Me-
pEeHUsIMHU, BOIIpOCaMU pabOThl IHEPreTUUECKUX PBHIHKOB U JICHCTBUS PETrYIHUPYIOIIUX HOPM.
OTMeueHO, 4TO C CO3[IJaHWEM KOHIICTIIMH ‘“WHTEIUICKTYalIbHBIX CETel’ BaXHO pa3paboTaTh
COOTBETCTBYIOILlEE HOPMATHUBHO-IIPABOBOE U TEXHUYECKOE 00ECIeueHre HHTErpalui paccpe-
JOTOYEHHBIX UCTOUHHUKOB 3HEPTUHU C HUCI0JIb30BAHUEM HMEIOIINXCSI COBPEMEHHBIX YCTPONCTB
CHJIOBOI 3JIEKTPOHUKU U HAKOIWTENEH, 4T0 OOYCIOBUT CO3/aHuE IUIaT(GOpPMbI YIpaBICHUS
MOIIIHOCTSIMM Ha OCHOBE COBPEMEHHBIX TEXHOJOruil. OTMEUEHO, YTO BO3MOXHOCTb (PYHK-
LMOHUPOBAHUS B PEKUME PEAIbHOTO BpeMEHH 00ecreunBaeTcs 3a CUeT ONpEeIeIeHHOM opra-
HU3aLMU UH()OPMALIMOHHON CETH, a HE NNEKTPUUYECKOM, UTO 0OECeunBaeTcs 3a CUeT onpee-
JIEHHOW OpraHu3aldyd MMEHHO HH(opmanuoHHOH cetu. I[losryuyeHHBIE pe3ynbTaThl aHATU3a
CBUJETEIBCTBYIOT, YTO MH(POPMAIIMOHHBIN LEHTP YIpPaBJICHUs JOKEH UMETh JOCTATOYHYIO
BBIYHMCIUTEIBHYI0 MOIIHOCTh U MPOIYCKHYIO CIIOCOOHOCTh BBIYUCIUTENIBHOM CETH, a TaKKe
pe3epBHBIE BBIUMCIUTEIbHBIE MOILIHOCTU JUIsl 0OecredeHusl OecripensiTCTBEHHOro (QyHKIUO-
HUPOBAHUSL.

KutoueBrble c10Ba: cereBble TEXHOJIOTUH, HHPOPMALIMOHHO-YIIPABJISIONINE CUCTEMBI,
KOMITIBIOTEPHBIE TEXHOJIOTHH, SHEProcOepeKeHHeE.
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ANALYSIS OF MODERN POWER EFFICIENT SYSTEMS
DEVELOPMENT STRATEGIES

The article analyzes the existing methods and ways of developing and improving in-
formation and energy systems and grids. A number of questions are analyzed regarding the
prospects for the development of information and energy systems and power lines. It has been
determined that the basis of the electric power industry is the integrated energy system, which
provides centralized energy supply to domestic consumers, interacts with the energy systems
of neighboring countries, and ensures the export and import of electric power. It is concluded
that in recent years, the so-called “cloud technologies” have become increasingly popular.
From an analysis of the current state of the electric power industry, it follows that the need for
its modernization and improvement. Accordingly, in connection with the transition of the
world electric power industry to energy-efficient technologies, the main attention should be
directed to studying the connection between the processes of transmission and distribution of
electric power , as well as the related “smart” measurements, issues of the operation of energy
markets and the operation of regulatory standards.. It was noted that with the creation of the
concept of “smart grids”, it is important to develop appropriate regulatory and technical sup-
port for the integration of dispersed energy sources using existing modern power electronics
devices and storage devices, which will lead to the creation of a capacity management plat-
form based on modern technologies. It is noted that the possibility of functioning in real time
is provided due to the specific organization of the information grid, rather than an electric
grid, which 1s provided due to the specific organization of the information grid. The results of
the analysis indicate that the control information center must have sufficient computing power
and bandwidth of the computing grid as well as spare computing power capacities to perma-
nent operability assurance.

Keywords: grid technologies, information management systems, computer technolo-
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