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SMART GRID TECHNOLOGY, TRANSMISSION OF ELECTRICAL ENERGY IN POWER SUPPLY
AND LIGHTING SYSTEMS OF CITIES

Modern power supply and lighting systems of cities are complex electrical systems of an automated type, in which the processes in individual power
supply systems and city lighting systems are interconnected and interdependent. Therefore, the search for efficient technologies for the transmission of
electrical energy in them is an extremely difficult task. The real state of the power supply and lighting systems in cities today is characterized by low
operating efficiency, largely due to the low quality of electrical energy and insufficient compensation of reactive power in them. The mutual influence
of power supply and lighting systems in cities, as well as the presence of significant voltage deviations and the overflow of additional reactive power in
the networks, causes an increase in voltage and power losses in them, as well as a decrease in the efficiency of networks and connected consumers, in
general. Unfortunately, the existing methods and technical means based on them cannot fully solve this problem. The research carried out made it
possible to clarify the nature of the processes in the power supply systems and the sanitation of cities and to determine the methods and technical means
based on the Smart Grid concept. They are based on the use of phase-shifting booster transformers with an electronic control system. Their use made it
possible to provide the possibility of complex control of the voltage modes of active and reactive power with the possibility of installation at any point
in the network and centralized control from a single centre. The calculations show that the use of the developed methods and technical means provides
an opportunity to reduce power losses in networks by 10-15% and energy costs for consumers by 50-75%.
Keywords: smart grid technology, transmission of electrical energy, power supply, lighting systems, efficiency, electrical energy.
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SMART GRID TEXHOJIOTI'II, MIEPEJAYA EJEKTPUYHOI EHEPI'Ii B CUCTEMAX
EJEKTPOIIOCTAYAHHS TA OCBITJIEHHS MICT

CydJacHi CHCTEMH €IEKTPOIOCTAaYaHHs Ta OCBITJIICHHS MICT SIBJSIOTH COOOIO CKJIAAHI ENEKTPOTEXHIYHI CHCTEMH aBTOMATH30BAHOTO THUILy, B SIKHUX
[POLIECH B OKPEMO B3STHX CHCTEMaX EJICKTPONOCTaYaHHs Ta CHCTEMAaxX OCBITJICHHS MICT € B3a€MOIIOB’SI3aHHMH Ta B3a€MO3AJIC)KHUMH. ToMy monryk
e(peKTHBHUX TEXHOJIOTIl epeaaBaHHsl eIeKTPHIHOI SHEepril B HUX € 3aJa4el0 Ha/3BUYaiHOI CKIagHOCTI. PeaybHuil cTaH cUCTEM eIeKTPONOCTaYaHHs
Ta OCBITJICHHS MIiCT ChOTO/IHI XapaKTEPU3Y€EThCsSI HU3bKOIO €EKTHBHICTIO pOOOTH, 1110 B 3HAYHI Mipi MTOB'S3aHO 3 HU3BKOIO SKICTIO EICKTPHYIHOI €Heprii
Ta HEJJOCTATHBOO KOMIICHCALIEI0 PEaKTHBHOI IIOTY)XXHOCTI B HUX. B3aeMHMIT BIUIMB CHCTEM €JIEKTPOIIOCTAYAHHS Ta OCBITICHHS MICT, @ TAKOXK HasIBHICTh
3HAYHMX BIJAXWJICHb HANpPYTd i MEpeTiKaHHS JOJAaTKOBOI KiIbKOCTI pEaKTHBHOI MOTY)XHOCTI B Mepekax OOyMOBJIIOE MiJBHIICHHs BTpAT HANpPYTH i
MOTY)KHOCTI B HUX, a TAKOK 3HM)KEHHS e()EKTHBHOCTI pOOOTH MEpex i MiJKII0UEHHUX CIIOKMBAYiB, B LisloMy. Ha skanb, iCHyI04i METOM 1 TEXHI4HI
3aco0H, 3aCHOBaHI Ha HUX, HE MOXYTh BHPIIIUTH L0 IpoOIeMy B IMOBHiH Mipi. [IpoBeneHi JOCTIKEHHS O3BOIMIN YTOYHUTH XapaKTep MPOIeciB B
CHCTEMaxX eJICKTPOIIOCTaYaHHs Ta OCBITICHHS MICT 1 BU3HAYUTH METOIH 1 TEXHIYHI 3ac00H, 3acHOBaHi Ha KoHuenIii Smart Grid. B ix ocHOBY noknangeHo
3acTOCYBaHHs (a30MepeMUKAEMUX BOJBTO/OIABATLHAX TPAHC(HOPMATOPIB 3 ENEKTPOHHOK CHCTEMOIO YMpABIiHHS. [X 3aCTOCYBAaHHS JO3BOIHMIO
3a6e3MeYnTH MOXIIMBICTD KOMIUIEKCHOTO YIPABIIHHS PeXKHUMaMU HAPYTH aKTHBHOI 1 PEaKTHBHOI IOTY>KHOCTI 3 MOXJIMBICTIO YCTAHOBKH B Oy /1b-sIKiii
TOYILI MEPEeXi i IEHTPaTi30BaHUM YIIPABIIHHIM 3 €JMHOTO LEHTPY. IIpoBeeHi po3paxyHKH CBiUaTh PO Te, IO 3aCTOCYBaHHS PO3POOICHUX METOIIB i
TEXHIYHMX 3aC00iB HaJla€ MOXKIIUBICTh 3MEHINIECHHs BTpaT IOTYXKHOCTI B Mepexax Ha 10-15% i Butpatu eneprii y cioxusauis 50-75%.

Kurodosi cioBa: texHosoris smart grid, mepesada eleKTpoeHeprii, eIeKTPONOCTaqaHHs, CHCTEMH OCBITJICHHS, €(eKTHBHICTb, CIEKTPUYHA
CHepris.
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SMART GRID TEXHOJIOT'UH, TEPEJAYA SJIEKTPUUECKOM SHEPTUM B CHCTEMAX
SJEKTPOCHABXKEHHUA U OCBELLIEHUA T'OPOJOB

COBpEeMEHHBIE CHCTEMBI JJICKTPOCHAOKEHHS M  OCBCIICHHS TOPOJOB IPEACTABISIIOT COOOH  CIIOXKHBIE IJNEKTPOTEXHHYECKHE CHCTEMBI
ABTOMATH3MPOBAHHOT'O TUIIA, B KOTOPBIX IMPOLIECCHI B OTAEIBHO B3STHIX CUCTEMAX 3JIEKTPOCHA0KEHUS U CHCTEMAaX OCBEILEHUS TOPOJIOB B3aUMOCBSI3aHbI
U B3auMO3aBHCUMBL [loaToMy ToMCK 3((EKTHBHBIX TEXHOJOTHIl Mepenaddl SJICKTPUUYSCKOW SHEPTUH B HHUX SBJISACTCS 3a/aueii 4pe3BbIYAMHOMN
CIIOKHOCTH. PearbHOe MOJIOKEHHE CHCTEM 3JIEKTPOCHA0KEHHS M OCBEICHHS TOPOJOB CETO/IHS XapaKTepU3yeTCsl HU3KOH 3((PEKTUBHOCTEIO paboThl, B
3HAYUTEIBHOM CTENEHH CBA3aHO C HM3KHUM KayeCTBOM DIICKTPUYECKOH HHEPTUU M HEJOCTATOUYHOW KOMIIEHCALMEH PEaKTUBHOW MOIIHOCTH B HHUX.
B3auMHOE BIMSIHUE CHCTEM 3JICEKTPOCHA0XKEHHUS M OCBELICHUS TOPOJIOB, a TAK)KE HAINYUE 3HAUYUTENBHBIX OTKIIOHCHUH HANpPSOHKCHUS U MEPETCKaHUe
JIOTIOJIHUTEIIBHOTO KOJHMYECTBA PEAKTHBHOW MOLIHOCTH B CETSX OOYCIIOBIMBACT MOBBIMICHHE MOTEPh HANPSHKEHUS U MOLIHOCTH B HHX, a TaKXke
cHIkeHHe 3G PeKTUBHOCTH PabOTHI CeTEl M MOAKIIOYEHHBIX MOTpeOuTeNei, B 1iesoM. K coxxaneHuto, CyniecTByONIe METO bl U TEXHUYECKHE CPE/ICTRa,
OCHOBaHHBIC HA HUX, HE MOTYT PEIIUTh 3Ty MPOOJIeMy B MOJHOM Mepe. [IpoBe/IeHHBIE MCCICIOBAHUS TTO3BOJIMIIM YTOUYHHUTH XapaKTep MPOIECCOB B
CHCTEMax DJICKTPOCHAOKEHHS ¥ OCBELICHUS TOPOJIOB U ONPEICIUTh METObI U TEXHUYECKUE CPE/ICTBA, OCHOBaHHbIe Ha KoHuenuy Smart Grid. B ux
OCHOBY I0JIO)KEHO NPUMEHEHHE (ha3orepeKIIouaeMbIX BOJIBTO100aBOYHOTO TPAHC(HOPMATOPOB C FITEKTPOHHOI CHCTEMOIt ynpaBiieHus. VX npuMeHeHne
MO3BOJIMJIO 00ECHEUNTh BO3MOXHOCTh KOMILICKCHOTO YIPABJICHUS PEKUMaMH HANPSDKCHUS] aKTUBHOM M PEaKTHBHOW MOIIHOCTH C BO3MOXXHOCTBIO
YCTaHOBKU B JIO0OH TOYKE CETH W LCHTPAIM30BAHHBIM YIPABICHHEM H3 €IMHOrO LEHTpa. [IpoBefeHHbIE pacyeThl CBUACTEILCTBYIOT O TOM, YTO
MIPUMEHEHHUE pa3pabOTaHHBIX METOJIOB M TEXHUYECKUX CPEACTB IPEJOCTABIISET BO3MOXKHOCTh YMEHBLICHHS MOTEPh MOIIHOCTHU B ceTax Ha 10-15% u
3aTparhl SHEPruu y norpedureneii 50-75%.

KiroueBble cioBa: TexHoinorus smart grid, mepemada OSJIEKTPOIHEPIUH, DIICKTPOCHAOKEHHE, CHCTEMBl OCBeUICHHUS, 3(h(EeKTUBHOCTS,
NIEKTPUYECKAst IHEPTHSI.
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Introduction. Modern power supply and lighting
systems in cities are complex geographically distributed
systems, which, in turn, are part of higher-level systems —
electric power systems or their various subsystem levels.
They have common elements with them (supply and
distribution networks of high and medium voltage), as well
as power supplies and means of regulation and control. This
makes them mutually influencing and interdependent,
requires the use of methods and technical means of control,
adapted to the parameters and modes of urban energy
systems. To control the modes of electrical networks,
mainly methods and technical means based on discrete,
mainly manual control are used. However, more and more
human-machine automated systems are used. They have a
more flexible structure and advanced functions, moreover,
in recent years there has been a rethinking of the problem
of automation, and instead of optimizing individual
functions and processes, | increasingly consider the
processes in a complex, with a systematic approach to
solving the problem as a whole.

Analysis of the state of the matter. Therefore, a
further increase in requirements for the efficiency of energy
production dictates the need for comprehensive automation
of technological processes in power supply and lighting
systems in cities through the automation of processes at the
level of transformation of parameters and type of electricity
[1, 2]. At the same time, the spatial and hourly distribution
of processes in the power supply and lighting systems of
cities in combination with discrete manual control makes
the solution of this problem quite difficult. In these
conditions, a systematic approach opens up wide
opportunities, which allows one to dismember power
supply systems into separate interconnected elements that
interact to achieve the set global goal. Its use makes it
possible to combine electrical networks into a single
flexible geoinformation control system of an intelligent
type, optimization of modes that opens up opportunities for
using huge reserves, for the rational use of material and
energy resources [3].

Research methods. As a basis for building such
systems, multilevel hierarchical distributed structures are
considered, the effectiveness of which has been confirmed
by practice. In such structures, the functions of higher
coordination and organizational management, in general,
are performed by the upper level of the hierarchy. In the
systems of power supply and lighting of cities, this is an
operational information and control complex, which is part
of the automated control system of an energy association

As an element of the energy system, the power supply
and lighting system of cities, together with other consumers
connected to the power centre, form it and the resulting load
schedule, as well as the laws of voltage regulation and
reactive power compensation [4, 5]. Optimization of the
complex operation requires coordinated management of the
operating modes of all consumers using a set of local and
global criteria. On the basis of local criteria, optimal
operating conditions for individual local objects are
provided, and through global ones - the operating
conditions of the system as a whole. In this case, in the
event of a conflict situation, priority is given to the global
criterion. The presence of these features necessitates the use

of systemic control of modes in the power supply and
lighting systems of cities of multilevel multi-criteria control
systems built on a multi-loop hierarchical principle [5, 6].
Decision-making processes in such systems have a wide
range — from very short management actions to planning
processes for a long period. For these reasons, in the
systems under consideration, there are differences in the
duration of cycles, criteria and control parameters at
different territorial and hourly levels.

The analysis of the functional tasks of the power
supply and lighting systems of cities indicates the
possibility of integrating their control systems into the
systems of energy complexes. However, as evidenced by
the results of the analysis, a simple transfer of the ideology
of constructing management tools for energy systems at
higher levels cannot be applied to power supply and
lighting systems in cities due to the operational,
technological, and socio-ecological features of power
supply and lighting systems.

The problems of controlling the modes of power
supply and lighting systems in cities include the lack of a
sufficient number of control channels. This is a small
number of telephone communication channels with
separate RP, TP or IP, focused on performing simple
functions of discrete control. In some cases, VHF or GSM
communication channels are used in a limited frequency
range. It should also be noted that there are no continuous
control systems for 0.4-10 kV facilities.

The developed concept of control over the modes of
power supply systems for city lighting is based on a
hierarchical multi-level aggregated structure [5]. At the
lower levels, the control system is represented by a large
number of local systems, which are characterized by
relative independence of functioning, adapted for use in the
nodes of network loads. For them, the most effective is the
stabilization of the parameters of the technological process
with the help of active elements. The structure of such
control systems is distributed in nature (Fig. 1). Its active
elements, which carry out the correction of the mode
parameters, as close as possible to the control objects.
ideally, they are installed directly at the load nodes of the
networks.

Results. In the considered control system, a number
of sequential decision-making levels are distinguished, at
each of which information is processed, which comes from
the elements of the lower level. Their goal is to develop
coordinating actions for the elements of this level. The
point of allocation of decision-making levels is made in
accordance with the vertical decomposition of the control
system. Based on the results of modelling the modes [7] and
in accordance with [8, 9], the following control levels have
been identified in the power supply and lighting systems of
cities: lighting control point, TP, RP, SS 35-110 kV and
power supply and lighting systems of cities, in general.
Each of them has its own duration, criteria and control
parameters. The allocation of functional tasks, the solution
of which is not related to other tasks of this level,
corresponds to the horizontal decomposition of the control
system. The horizontal decomposition of the lower levels
of the control system corresponds to the allocation of local
control systems, which can be controlled in an autonomous
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mode. The number of local control systems is determined
by the structure of networks, technical content and
territorial location of its elements.
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Figure 1 — Structural decomposition of the network management system: Pr — processor; IOM — input-output module; OC — object
controller; DTM — data transmission multiplexer; AE — active element

At the same time, information transformation
operations that are established can be considered as
algorithmic functions, which are a kind of modules from
which a control algorithm can be added. This primarily
applies to typical elements. Those that perform certain
algorithmic functions. The signs of the typification of the
control system of its elements can be their orientation,
information power, target orientation, and so on. In the
work, for the typification of control systems and its
elements, an objectively oriented feature was adopted,
which provides the possibility of static analysis and
forecasting of the development of the RM control system,
the management of individual objects, as well as the most
accurate state of the list of necessary algorithmic functions,
to assess the composition of the control system parameters,
to formulate the basic requirements for technical means
[10-12]. In these conditions, the concept of a typical
control system is reduced to a typical functional structure
of a control system, which can be represented by a display:

F:Xxf-Y, @

where F — a set of algorithmic functions;
X —an input signal;
Y — an output signal.

Further detailing of the operation algorithm of the
control system can be performed using their contour
decomposition, which is based on the presence in the local
control system of several nodes for collecting and
processing information, connected in a certain way by
active elements. At the same time, decision-making in the
developed control system is based on a multilayer principle,
according to which a complex control problem is divided
into a family of sequentially connected more substantive
problems. The decision made in each previous layer forms
the basis for the decision in the subsequent layer. Solving a
problem, in general, is a consistent solution to its
constituent problems. This corresponds to the time
distribution of the operation to control the parameters of the
network mode. In this case, the information nodes carry out
a cyclical exchange of information between the load nodes
and active elements. Each cycle uses additional information
that is obtained over longer time intervals. As such, signals
from active elements, various kinds of static data, etc. are
used. The use of phase-switched booster transformers is
proposed as an active element (Fig. 2) [13, 14]. This creates
the possibility for complex unconnected voltage regulation
of reactive potential [15].

Conclusion. In general, the proposed concept of
managing the modes of power supply and lighting systems
in cities allows taking into account their features associated
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with accounting adjacent systems. In such conditions,
taking into account the noted features makes it necessary to
separate the power supply and lighting systems of cities
into an independent Smart Grid city life support system. It
includes the electric power system and power supply and
lighting systems of cities, representing a set of power and
lighting installations with a control system built based on
the Smart Grid concept, as an integral part of the city’s life
support system, including their fauna and flora. The
application of the considered basic provisions allows
returning to the main goal of creating technical systems —

to

meet the human demand for a comfortable living

environment as a means of human life support.
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Figure 2 — An active element based on a phase-switched booster

transformer: a — connection diagram, b — vector diagram
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